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ABSTRACT

The need for planning in educational systems may be
interpreted as the need to identify, prepare, and devise new or
revised procedures through which explicit systemic goals may be
realized. Usually such efforts have a specific time orientation.
Planning is further related to policy in the sense that policy is a
legitimized procedure or course of action. The logic suggests that
planning should precede procedure specification and formal policy
action. Computer simulation is a relatively new approach to the study
and further understanding of complex entities and situations. The
computer program is the embodiment of the real world event or entity
of interest. Its primary advantage is the computerts capability of
storing, manipulating, recoabining, and reporting the past, current,
and future states of numerous variables which together comprise the
total behavior of a complex event or system. In this sense, the
computer exceeds the intellectual capacity of the average person who
would experience difficulty comprehending the totality of input
variables, interaction effects, and current states of the systex.
(Author/WHM) -
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-suggestion of new types of leadership roles which seem feasible to satisfy
identified needs and priorities. Programs will then be established to up~-

grade practitioner skills and to prepare people to fill new leadership roles

whlch evolve.
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IMPROVED SCHOOL MANAGEMENT AND YLANNING:
THS PROMISE OF COMPUTER SIMULATION

_The last tvo decadeg of technological development have
had‘ a significant it:x;_)a:':ion public school education and on
those individuals charged with the administration of our
schools. So much so, that it would not be inappropriate to
describe the changes that have occurred over just the past
ten years as ''explosive." ~Part1cular1y is this true where

‘the technology of computers and education are concerncd and

the specific juncture termed computer sinulation,

Iantroduction .

Historically, the incidence of educational data process-

ing began in the late 1950's and by the early 1960's had gained
considerable momentum on the part of public schools in terms of
expressed desire to adopt or aciquire computer capability. The
period from the middle 1960's to the‘eﬂrly 1970's provided an
opportunity to adopt, test, and implement the more commonly
accepted data processing applications. These would include:
financiai accounting, personnel information systems, student 
scheduling, invcntory control, grade reporting, and numerous
others now. considered standard opcrations.f

| The past thtcc ot four years (1969 1973) havc uitnessed an

. Willinw u. HoIIOtay is currently an. As sistanc Professor of7ﬁ ;i»;7:*’
Educntional Admini§tlﬂt10n at jthe Unvivcrsity of Kausas (:o‘nductv :
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increasing number of exploratory, dcvﬁlopmentnl efforts in the
cducational sphere for which little prior cxperience coxists as
a guide for inQeStigators. For example, current research
efforts are directed toward the development and implementation
of computer essisted instruction (CAI), computer managed
instruction (CH1), management information systems (MIS), and
the use of the cgﬁputer in conjunction with‘sophisticatéd,
quantitative techniques such as lincar programming, input-
output analysis, cost-effectiveness analysis, and applied
decision techniques such as PERT and PPES. Included among the

foregoing is the field of computer sinulation which is perhaps

lesser known but with a growing sudience of interested prac-
titioners and an increasing number of investigators who are
devoting their time and abilities to further development and

exploration,

What Is Computer Simulation?

Commonly accepted usage of the term "simulation"” varies

considerably. However, for most purposes the term could be

“interpreted as "real world representation' without undue less. -

In the sciences, physfcal models are widely recognized and

. rcadily accepted as reprcsentations (sinulacions) of real
. world phenonena.~ In thc social and bchnviornl sciences, such

" g“mode1s are more frcqucntly f0und in the forn of schematics or' 

"“fi}f;symb,ots (as anathemtical mdels) ”“““"s“"““bl’"




role playing have added important didensions tO‘instruétionnl
nethodology. Space exploration, military training, market
and produci analysis, and drivers training are just a few
cxamples of the extensive use of simulation in training.
"Computer" simulation belies a methodological distinction
and is a rclaﬁively ney approach to the study and further
understanding of complcx(éntities and situvations. The compute;
program is the embodiment of the real world event or entity
of interest. Its primary edvantage is the computer's capa-
bility of storing, manipulating, recombining, and reporting
the past, current, and future states of numerous variables
which together compriée the total behavior‘of a complex event
or system. 1In this sense, the computer exceceds the intellectual
capacity of the average person yho would‘experience difficulty
comprehending the totality of input variables, interaction '
.effects, and current states of the systewm. Figure 1, suggests

i{n a broad scnse what takes place in computer simulation.

— - — -
Input I, 03 Output

The Computer ;
Event I, -~ - 0, Values

Event: Transactions
Variables *~ | and Intervactions Defined | =+ Describing

and Directed by the : ‘

R Computer~rrogr9m 1+ The State




The process of developing & computer simulation of real
wotrld phenomena requires first a shbsta;tial understanding of
the event, system, or phenomena to be simulated, Second, con-
siderable information must be obtained which describes the
qualitative and quantitative nature of the primary variables
in the event wpicﬂimny casily excecd one hundred iﬁ nunber,
Thivd, a carcful étudy of the data in conjunction with in-
depth knowlcdge o% the system will begin to reveal a number
of relationshibE“émong thc.primary variables which in turn
arce incorporated into the computcr program. An iterative
process of study, discovery, programming, testing, and modi-
fying will usually result in a satisféctory simulation pragfam.
The criterion of success in computer sinmulation is the degree

to which the output variables (response) are truly represent-

ative of parallel indices of behavior in the system of interest.

Implications for Manasement and Planning

The nced fér planning in educational systems may be
interpreted as the need to idcntify, prepare or devise new‘
or reviscdkproccdurcs through which explicit systemic goals
may be realized. Usually such efforts hove a specific time
orientation. Planninn is further related to policy in the

s . &
_ sense that policy is a legitimized proccdure or course of

;faction.~ The logic suggests thnt planning ought to preccde  ~ ,_ g

'Qf f;p1occdure s ,’i£1cation nnd fornal policy nction, though this f;ufflu"‘




increasingly denanded in all organizations as a direct result
of thie increased teupo of change of vhich much has already
been written.

Management, on the othe; hand, lias numerous interpre-
tations gencrally pertaining to the adninistration and control
of social entities. The terns aré related, in that planning
is recognized as a necessary and legitimate function of manage-
ment (Kaufman, 1972) whichpis requiring more time, more effort
and an increasing share of organizatjional resources.

Planning, as a dimension of management, must concern itself
wfth the stated goals of the system of intefest; current levels
of.performance, fuﬁure expectations, and the ioplications of
continuing changes in both ;he ekternal and internal environ-
ments of the organization. A critical appraisal of contem=-
porary practice would reveal numerous faults in the current
appxoéch to planning in educational systems, ' Parawount among
these are: |

1. A feilure to recogdize the need for distinct, organi-

zational units whose primery responsibility would be
the planning function.’

2, A failure to assign such rcsponsibilities to a spe-

cific number of cOmpetent persons. and the correSponds

bing failure of institutions to train such individuals. ‘

 ;3._ A lack of knowledge about the evailability and relnafa‘  T

"f%ﬁhtive mcrits of recent technological and nethodological -




4. A failure to make planning information and essistance
available to competing components in the system,

5. & failure to recoznize and accept the complex, intrac-

table nature of the forces and eveats of social sys-

tems and hehce, the need for an improved technology

- -
-

with 'wholistic" capability,

It is neither the purpose nor the intent of this paper to
pProclaim computer simulati;n as the 'latest educational panaceca"
for all planning and management ills. A careful appraisal of
the list, howéver, would reveal that if the criticisms are
vaiid=then the exploration of the poténtial of cowputer sinula-
tion as a technological ﬁool i1s warranted. That is, the com~
plexity and intractability of planning and managing of variables
which comprise a wholistic approach,to organizational enlighten=

ment and development may well justify full exploration of any

tool that exhibits even a modicum of future potential,

An Illustration

In a recently conducted study, an attempt was made to
develop and test a computer simulation of the student popula~
'kktion and teacher population components of a State Public 8chool ;

ffsystem. The essence of the study wos to simulate the primary

_,;yeriablcs (births, deaths, drop-outs, migration, nnd 1nstitua “i"”‘

tional pr‘oduct,ion» for exanple) Bﬂd thc intricate rolntion_f,,~’ﬂ~t:.




purpose was to begin testing various internal procedures for

first, to gain ifeater understanding of the interactions that
occur and sccond, to increase predictive efficiency for the

purposes of five and ten year, advance planning. The third

computer simulation and is of equal importance but of lesser
interest here.

Sone of the results of the study as cvidenced by the
simulated response of primary variables is both interesting
and indicative of future potential., Table 1, cémbares the
actual level of student populations with predicted levels
obtained through simulation for a period of ten years,

Table 1. A Comparison of Simulation Response t{Jith
' a Time Series of Real World Values

Year Actual Levels Simulated Levels Ervor (Units) Error (%)

1965 1,968,403 2,040,940 +72,537 3,74
1966 2,033,982 2,073,989 440,007 1.9%
1967 2,079,961 2,102,964 +23,003 1.1%
1968 2,122,919 2,120,597 - 2,322 1Y
1969 2,164,386 2,124,507 ~39,879 1.8%
1970 2,179,260 2,120,711 -58,549 2%
L1971 ke 2,105,291 B ke .
| ”° '1972 v:’**f, fgz,Osi,soz _" e *ik
';'1'n 1§73° a *ff" ‘:'{1f 2i°§¥¥$é0  __*"'?;*f%' T' S *¥*2 ?{  j ‘
“ 1¥#%;J;*;,ftjéjdlo§qdr   ;‘;~;J%%¥;*f ,,fx:%%*j; ;,;;




The table illustrates the prediétivc potential of computer
simulation vhich employs birth data a2s an enteriﬁg varicble,
Furtherwore, the percent of error uhile secnmingly lavge is toler-
able for a nuuber of purposes and satisfying os a "first effort"
‘rcénlt.

A key assumption in the study is that the number of clients
(students) in a client-service organization (public schools) is
a prime prerequisite to systemic planning. Knowledge about expecL;d
client population levels is directliy reloted(to the expected need
for professional staff, physical facilitics,>and financial support,
To the extent that such knowledge is 9ccurdte and available,
planning for future needs becomes enhanced and rnFional. _Table 2,
for exanple, illustrates tecacher n2ed predictions ohtoinedAby
the same simulation program in comparison to actual feacher popu-
lation levels and predictions obtained by two other foreéastiﬁg
methods; moving averages and exponenﬁia] sﬁcothing.

Table 2. A Comparison of Predicted Teacher Needs
With Actual Populetion Levels: Three Methods

-

Yeor Actual Levels Simulation Moving Exponential
o Averapes Smoothiug

1959 58,251 55,857% - 54,484 55,532
1960 60,394 $9,405% - 57,022 57,107
1961 63,271 63,362% 59,322 . 59,857
~ 1962 - 66,024 . 68,002% 61,832 62,548

1963 '68 099 72,521 64,647  65,387%

1964 -7 69,380 715,432 67,061 67,557%

5 1965;;,;;*;~7z“935  ;g;‘,,;,77 121 68,739 69, oLk -

76,067 181 g
80, 631wi},u”f;j i,; 0% 74,401
L ,f ?78 sz

A



An exanination of the:teble will teveal~that; on seven
occasions out of ten, simulator genersted predictions were more
accurate than'those obtained by alternate forecasting techniques.
Thus, competer simulation performedfsatisfactorily as & techno~ }
legieal tool in relation to:other available tools and also

: reveoledfits potential for future planning tasPs. 3uch potential
might well be used for example, to plan the nunber of entering
.tralnees necessary to adequately staff the professional. needs of
schools five and ten years from today. At least, the vocatlonal
iecounseling function could be 1mproved with mote reliable; long-v
‘ tange 1nfotration.‘,Teacher preparation programs only require
’four years of preparation and hence only an accurate five year,jk
'nforecast of the net rneult of eontinuina preqent policy is
_lneeded In this way we could avoid such over- production as is
predicted by two availeble reports (NCA 1970 USDL, 1970) which

tpxedlct an over-supply of as many as 19, 000 teachers per year

'ltffor the next five year perlod

Frequently, the needs of planning extend beyond simplistiek

kf,fpoint estimates. ,Apptopliate routxnes can be‘incorporated 1H
‘ithe computer program wnich wlll provxde both point ‘and interval

"t:projections and the interval limits can be conetructed to 1ef1ect‘

:“;lany desired span or tolernnce. Additionally, inportant para1eterst'

‘&*ca“ be varied t°”81mulate the effects of alternate strategies“or;;~'" e
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a means of studying. the complexueffcct of unusual conditions,

k Fér example; oné might readily question and study (via
simulation) the impact of a ten yecar pfogram of ten percent
‘annuai reductions in private school popuiation 1cvcls§, In a
matter 6f o few hours, data could be available showin% the impact
~of such-an extreie factor on public school student levels and 
the demanl and recovery of professional staff levels, physical
: 'facili;iés, and financiel spppbrpjfo:mulas.‘ Thus, compﬁter
simuiationfiska powerful, tcchnological advance that promises to
aid managers to fulfill the‘planning function in at least three
ways: - e K sy

1. Computer simulation programs will: provide 1ncreasxng1y :
more accurote 1nfornation about the predicted effects
of current systemic forces. |

2, Computcr sinulation prOgrams can provide 1mportant
f"decision-nsklno" infornation about the effect of .
_alternate managerent strategies.
3. Computer simulaticn programskcan provide:oppdrtunitieé
to éxaﬁine the.coﬁseduéﬁces of unusual systéﬁic'forées

or conditions over seleéted periods of time.

~ $imulation Guidelines

Simulation, at least 1n,the sense of rolc-playing, is not

!7'neu. Cprutcr sinulation, by comparison 1s o tcenager.t'However,"
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in view of cohtemporary interest in plannbnn, evaluation, and
nocountability aod the real world experience of rapidly oscillating
’cnvironmental forces. There is a need to regain and rctoin control
over the effect of such forces and improved planning may be the

key to becoming proactive ijustead offreactive. What then are the
guidelines, {f any, for such field trials?

First, femediate computer capability is not necessary since
desired progxars can-be dcsxgncd developed, and tcsted at any
available,institution having the nccessary expertise. Thus, any
school district could initiate "field trials" indcpendent of i
such s requirement. '

second, since much of the current development and testing
now takes place at a few of the major institutions across the .
natioh, it would be useful to let such efforts reside in those
centers, Tho benefits would be at least two-fold: school dis-f
tricco (or any organization for that matter) would profit fronm
continuing developncnt and the necessary R&D expertise would o o
not be duplicatcd resulting in unnecessaxy cost. This would e
apply to all but the 1a;ger school districts and organizetions
k(S0,000 students o:kmorc),who could justify the additional
oxoon;c of staff and cquipment; |

Third, utiliration of a new technological tool for planning

'u_assumes at least a mininal program of planning prescntly exists."gf‘~"

“j"gisince planning is now recognxzed by an 1ncreasia 'number of

”, ’
,f’f ;
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the value of such a tool. }Most organizatibns have used population
projection for many years, llowever, many may not be avare of the
intricate relationships between such estimates and other c0m§onents
of the systen, Furthcr; the numerous calculations reqhircdbto
examine but a fow alfernatiﬁes would discourage even the most.
dedicated manager or planning steff. | |

Finally, field trfalslmust be inikiated advisedly, It musf
be recognized that a period of tine iskyét_necessary to achieve
desired accuracy‘and reliability, and to further pe;fect existihg
techniques as well as develop new methods in response to sgggestions
originating fromn thé field. Such’enterprise, howeVer,'shQUId be
a cooperative effoft; It would be well to plan o period of barQ =
.a8llel operation where existing manudl processes dould operate Qith
- newly inplénmnécd coimputer programs. This would serve! the purposa
of providing an energency operntinn system as well as providing a f e  ff
measurable criterion for acceptance pnd adoption._

‘Té the extent that‘such'ficﬁd ;rials are Sucéeséful both in
nuterms of addption and.the fﬁrtherdexplbration ahd‘devélopment 6f
the potentinl of the tool, planning and management appear to be ;
primary bcneficiaries.' Thereforc it is incunbent upon managers»

to take the necessary steps to initiate a planning effort and to

~5,prov1de placcs and opportunities for the requircd ficld trials. it
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