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PURFOSE AND STRATEGY OF THE SCHOOL SIMULATION PROJECT

John F. Cogswell, Robert L. Egbert,
Donald G. Marsh, and Frank A. Yett

System Development Corporation
Santa Monica, California

ABSTRACT

This document defines the purpose and strategy of the School Simulation
Project. This project aims to use analysis and simulation of school organi-
zation teo investigate organizational modifications in education that wvill help
implement instructional innovations. Five high schools varying in the extent
to vhich they are innovating are being selected for anslysic. Iin addition, a
computer-based simulation vehicle will be constructed thet will serve as &
conceptual tool for generating research hypotheses about ways in which school
design and organization can bs improved, and for provieionally testing the
implications of *hese hypotheses. Seven teaeta » developed in the course of
defining the study, are listed and aiscussed. The flow of study procedures
and the interactions between these procedures are iilustrated and AJ.ucunsed.
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PURPOSE AND STRATEGY OF THE SCHOOL SIMULATION PROJECT
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During the past 20 jmars great strides have been made in the development of
educational methcodology and technology. Unfortunately, despite obvious weak-
ness in its ability to accommodate to instructional innovations, the formsl
organization or structure of education has remained relatively constart.

A major reason for the lack of change is the extreme complexity of designing
schocl organiiitions that efficiently accommodate modern instructional inno-
vations. An innovation such as programmesd leerning, for example, if used on

e large acale in a school, has implications for the design and orgaalzation

of the vhole school. 3y providing & means for effactive self study, it may
allovw students to progress at their own retes. It provides & means and even
suggests ths need for breaking awvay from the lock-step system of advencing
students once & year only. However, vwhen tus spatisl arrangements, the student
scheduling problems, &nd the versatile and effective use of resources, such as
teachers; ara coneidered for an accomodating orgsnlvetional plan, the problem
of dselgn is overvhelming. Man, without the aid of machines, iiss limited
capacitizs for prucessing informetion. He is virtually unable to define and
keep in ndnd the many variations in the hypothetical school be mey be consider-
ing and at the sem> times calculete predictions of the permutations that might
occur throughout {um» syaster: vhen he uses an innovation such as prograamed
learning on & large scaule.
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At man's present level of copability for designing school organizations, he

must formulate a relatively simple plen, try it in a real achool s Observe the
problems as they arise, and sttempt solutions on a piecemeal basis. It is in
this costly feshion that schcols have been designed in the past, ani it is the
pattern that must be follcwad in the future unless new solutions cen be found.

A procedure that has shown promise for thinking through complex problems in the
design of military and business systems is simuletion. By building & repre-
sentetionsl model of the system, problems and solutions can be tried before the
propoged system is actually designed. In this form of simulation the modeling
is accomplished by programming the coaputer to store all the rules or procedures
1sed to process students through the school. Ideally, the prcgram conteins all
the procedures relevant to real inastruction. It includes listings of all the
resources used by the school in accomplishing its task and the rules that per-
%tain to the use of the resources. Finally, 1t provides for the study and
apglysis of different schenl designs by simulating ths operations of the various
schools and uy predicting the changes that would t{uke place in students and

: resources as students progress through the school curriculwm.

Yhis paper derines the purpose and strategy of a project whick uses analysis
and simulation of school organization to investigate organizational modifica-
tions in education that will help implemsnt instructional innovations.
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The research is designed to analyze aund simulat® existing or possibtle school

organizations so that it will be possible to:

A. Define nev roles for school perscnnel

D.

L

In & traditicaal schovl, instructicnal and administrative-supervisory
personnel have relatively well-defined roles. Advocates of many educa-
ticaal innovations end technological changes stete that such innovetions
vill “free the teacher for other activities.” C(ritics sujgest that the
nev roles have not been adequately defined. An cbjective of this research

will be to define essential roles for various personnel in schools applying

different types and configurations of educational m:dis and other | jor
innovations.

Provide information on the effects of nev medies

Critics of educational television end programsed learning heve expressed
opinions that if these techniques are appliod extensively ia a cshool,
aside from any changes in the learning process, an unheslthful reduction
in the amcunt and type of teacher-pupil and pupil-pupil intersction will
result. A major objective of this research will be to investigate the
extent to which such reservations concerning innovaticns are Justitied
snd to exylore ways of adjusting for probvlems vhich become apparent.

Describe applicetions of data processing equipment

As flaxibility is increased in school programs, student control probleas
increase, since regular and exact schedules will not de possible. Data
processing equipment and procedures should find important epplication in
such situations. One of the objectives of this study is to determine &nd
describe ways in which such equipment might be used to facilitate student
use of media adapted to individual instruction.

Provide ianformation on amcunt and arrangement, 95 school _space

Traditional high schools are typically built with a number of similayr

classrooms to house students in groups thet vary little in size. In
addition,a few edministrative offices, a gymnasium, & small library, and
& limited number of additional rooms of varying sizes and purposes are
provided. A school making wide use of new media might require the ssme
total floor spuce but involve & quite different arrangement of that space,
Semi-private stetions for individuai study, small seminar rooms, and large
lecture rooms sre all likely possidilities. An ocbjective of this study is
to provide information on amounts and probable uses and arrangements of
floor space for schools adopting various new media.
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E. Provide estimates of characveristics of __graduating students
At the present time, most studerts are promoted annually from grode te
grade, and almost all students complete high school im the age rengs 17-19.
These graduating students are characterized by dlversge achievements in the ;
various curricular areas; this diversity is widely recognized. TIf ma jor

; chenges are made in schools, permitting students to proceed at self-detere
mined rates through the use of auto-instructional devices, the charactere ;
istics of graduating student groups may change radically. Age of graduation |
] may become much more variable. Also, if students are rermitted to spend L
sufficient time to master each successive concept presentsd, & marked {

| reduction in the actual range of achievement among graduates is possible.

| A fifth and very important objective of the project, then, is to provide ;
information about possible changee in characteristics of graduating students }
as technological changes are iatroduced. . }
In addition, the burpose of the research is to 'attempt the construction of a ”
computer-based simulstion vehicle that will serve as & conceptual tool for

i generating challenging hypotheses for research, relating to ways in which school i
design and crganization can bve improved, and for provisionally testing the
implications of hypotheses. Specifically, the plen is to use computer simula- i
-l tion techniques to build a vehicle that will provide:
1. The cepalility of buildiug dynsmic modele of real or proposed high
‘schools.
2. The capability of flexibly modifying the models to represent different }
design configurations. {
3. Detailed output dsta thet refiect the effects of various design caanges :
within the model. o
The simulation vehicle will Ye constructed so that any high school can be
descrived in terms of achool characteristics (resources, orgsnizations, pro- i
cedures, etc.) and student characteristics that bear on the school's instruce
tional plan; for examnle: : [,
2. The curriculum and its organization. | \i
1! b. The spatial arrangement of the instructional space.
! ¢. The resources such as programmed learning materials, teaching machines,
| equipment, teachers, counselors.
. fi d. The procedures for scheduling students through the instru:tional system. :
©. The procedures for scheduling students through the counseling systum.
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f. The procedures for admitting and terminating students.

&+ The procedures for relating to external agencies directly concerned
with helping students.

e e e -

h. The information processing procedures.

1. The characteristics of the students that velate to the instructional
I and counseling process. :

J: The decision-making procedures.

TS AR S U TR T e e

STRATEGY OF THE STUDY

The major purpose of the study is to find new solutions to implewménting instruc-
tional media through analysis and simulation of school organization. However,
in order to provide a realistic datas base for the study, five high schools
varying in their use of innovation will be selected for analysie. The problems
of selecting the five schoolc, collecting descriptive data on each analyzing
them, constructing a general simulation vehicle, generating hypotheses for
research, and making recomsendations for the design of schools requires »»
elaborate research strategy. In the following two sections, the general and
the specific strategies of the project are discussed.

General Strategy

A ammber of tenets should be made explicit that have been developed in the
process of defining the study.

1. e | nd procedures for snaiysis and reduction of

a¢ simulation vehicle useful as a
onceptual tool. Simulation efforts in thé pest have tended to slight
the importance of this point. This may be .ecause the effort and
thought that goes into constructing & detailed dynamic modal is so
great that the researchers are tempted to assume that the more explicit
descriptive formulation that they achieve places them in a beiter
position to decide how the enviromment which is being modeled can de
improved. But deceription by itself--no matter how detailed and no
matter how explicii--does not ensure an incresse in the number of
hypotheses about how things might be improved. At best s the Gescriptive
model provides a formel statement in algorithmic form that can be useful
for reference and communication purpcses when thirving about how the
environment can be improved. If such a statement is what is sought in
the study, there is no need for computer simulation; descriptive flow
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charts should be adequate for this purpose.

However, if the study is to provide a tocl for generating research
hypotheses atout ways in which schools can be improved, and for pro-
visionally testing the implicetions of these hypotheses, computer
simulation is required. The computer simulation vehicle should provide
& means for actually making modifications in the design. It should
also provide date that may be of uge in making Judgments about the
implications of the design changes. Without such a capability, the
researcher is in @ position similar to the investigator who makes
changes within a real school before he has developed measures to help
him evaluate the results. He must rely on reports from casuai obser-
vation. But the investigators who are trying to evaluate an idea by
means of computer simulation ce inot query simulsted tcachere and treat
them as cesual observers.

The questions that are formulated about school crganization at any
‘Jzintﬁin;ttme4duzizzWthegstu:,,9-;rakipnally;detigefghg;prigntatiog

of the project at that time and determine the varlables that are
selected for enalysis, simulation, and measurement. The point of view
expressed in this tenet ia that the process of study is alwvays directed
toward solving particular problems. The prccess 1s not aimless and
random. The major interest is not to conctruct dynamic models of
schools and then to look for results that eeem to have significance,

On the contrary, tne study is oriented toward the solution of problems.
The best definition of this orientation 1s the questions about school
organization that are raised in the process of the study. The questions
will define the growth and shifts in orientetion of the project.

The basic question underlying the study is "Can orgenizational configu-
rations be developed that will help implement instructional innovetions?"
This question hes been further defined by the five project objectives:

a. Can essential roles for personnel be defined in scheols applying
different types and configurations of ejucational media and other
maejor innovations?

b. ‘Can‘the‘effects,of‘different educational media on teacher-pupil
and pupil-pupil interaction be estimated? And, more specifically,
can orgenizational plens be developed that increase the amount of
interaction?

¢. Can dete processing techniques be designed for solving the problens

associated with an individualized instructicnal process in schools?
This question can be subdivided into a number of more specific
questions, such as: Can resources be scheduled in such a way that
students will be able to have instruction planned in an individual-
ized manner? Can procedures be developed to keep track of student

fEe o i Bk R et % o
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progress? Can procedures be developed to determine when students
are in trouble or need help? Can information retrieval techkniques
be developed that provide teachers a capability of getting an up-
to-date and integrated picture of student progress?

d. What kinds of spatial arrangements are needed for adopting various
new educational media and for various orgenizational plqns?

e. What effects do different educational media and crgaenizational
plens have cn scudents?

Each of these questions leads to more specific uestions that relate
more and more to specific educational media and ¢rganizational plans.
Ultimately, the further refinement of the questions leads to the
specification of the measures that will be used to evaluate the plans
that are formulated and tested with the simulation vehicle. And the
questions determine the variables that are included in the analysis
and simulation. There is no point in simulating aspects of the school
that have no relationship teo the guestions that are to be asked.

The - results of com omputer simulation runs will present ‘manticipated

patterns in the date that will form the basic For iu ctaresting hypo-

theses. In this sense _the simnlation will _create new ideas. Although

the questions that are formulated will define the orientation of the
study and will determine the measures that are developed, the computer
simulation runs will produce data that suggest possible effecis of
innovation that would not be logicelly predicted. ‘‘nese sffects may
form the basis of hypotheses for empirical research.

1 simulation runs must ba conuidzred hypotheses that are offered
for emyirical evaluation, rather than recommendations that have been
adequately tested. The simulation model will tead to have the usual
disadvantages of any model. It will tend to encourage overgeneraliza-
tion and will entice users into a logical fallacy of the following
simple conditional type: If the statement "if A then B" is true and
if B is true, then this means that A is also true. The fallacy is
obvious, yet it may trap & user of the model who, on finding that some
function (B) of the model agrees with some function in real iife (thus
agserting the truth of B), concludes that the variables. constants, and
assumed relationships (the A's) with which he began are valid. The
confidence that is placed in the hypotheses or recommendations shouwld
depend upon the accumuiation of empirical date that can be used to
Judge the validity of the recommendations.
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Two kinds of validation studies should be conducted:

a. The recommendations suggeeted for school organizntion should be
tried and evaluated in realistic school settings. The evaluation
should cover a time period that will allow for en adequate evalua-
tion. In other words, the time devoted %o study should extend
beyond the early period when initial enthusiasm from the novelty
and increased public attention msy elevate the findings.

b. The simulation runs will produce effects within the model that
will be used to judge the effectiveness of various plens. For
example, simulation runs may indicate that the experiences that
students have in a continuous progress plan school will become
more and more heterogeneous in a very short period of time, so
that the problem of forming homogeneous groups and maintaining
group continuity will be extremely difficult. More specific
findings of this kind should be tested under empirical conditions
to determine the correspondence between the operations that occur
in the model and in the real situation.

A simulation vehicle constructed to provide the capgbility‘gt‘mqgﬁ;ﬁgg
Tive high schocls which vary markedly in the extent of educational
innovation will have general applicability for‘modeligg other high
schools. The five schools that are eénalyzed in the project cannot be
considered a representative sample of high schools in the United States.
However, it is possible in future studies to obtain a simulation vehicle
with wider applicability by selecting for simulation a more diverse and
representative group of schools; for example, a traditional kigh school
with little innovation, a school which uses the Continuous Progress
Plan (Read, 1963) in which students progress at individusl rates and
spend much of their time in individual study, and a school which uses
team teaching on a wide scale.

é;gacilitatggg>reci‘rocal interaction exists between the task of
collecting empirical data from the schgols‘angighe task‘of‘constructing
the simulation vehicle. The project might be plenned in such & way
that the simulation vehicle would be constructed after the completion
of the date collection. However, the formulation of a good simulation
vehicle forces a more explicit and carefully thought-out consideration
of the components in schools and of the interactions between these
components. This greater consideration changes the data collection
procedures by providing a more systematic basis for plenning their
collection. 1In addition, the collection of empirical data from the
high schools affects the mcdel building by directing greater attention
10 the details of the real environment. The project is planned so that
both the data collection and the construction of the simulation vehicle
occur simultaneously throughout a major part of the project's direction.
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7. Mathematical modeling technigues will be explored for their applica-
bility to specific problems, such as_solving for the optimal nuaber
of counaelors‘tor\quprticular school\oggggization. Simulation may
provide a descriptive modei that is expressed in algorithmic "orm. .
The explicit model, if constructed with a great deal of thought and
careful consideration of reality, should be extremely useful for
commurdcating and thinking about schuols. But it does not provide any
means for adequately solving anslytic problems. Therefore, specific
prcblems will be isoclated for analysis, and methematicel modeling
techniques will be explored for their applicability to these problems.

Specific Strategy of the Study

Figure 1 shows the flow of the major steps in the project. The steps proceed
as follows:

1. The general knowledge of project personnel about the organization and
structure of high schools at any given point in time is represented
by block 1.

2. By transposing the general knoﬁlédge into a simulation model, the think-
ing that is usually unorgenized and poorly formulated is explicated
and systematically fcrmalized.

3. The general knowledge and the more carefully formulated model determine
the plans for the collection of dute and the choice of data to be
collected from the high schools that are selected for study.

k. pata whichare descriptive of the schoolsare collected for anelysis.
Since the research emphasizes those aspects of the school most closs=ly
releted to the imstructional process, the information collected will
include operating procedures of such areas as over-all organization,
curriculum and instruction, and the counseling service.

The top arrow from block 4 that leads into the arrow returning from
block 9 shows that the‘callection‘ot‘descriptive‘empirical\data from
the real schools feeds back into the general knowledge about high
schocls (block 1) and changes it. This change in the general knowledge
will alsoc lead to a change in the formulation of the simulation vehicle
(block 2). 1In fact, the loop defined by blocks 1 through 4 will cone
tinuve throughout the study. Both the growth and the generality of the
simulation vehicle should increase as long as this process continues.

5. Analysis of the schools consists of constructing logical flow charts
of the different phases showing‘operations,‘movement, decisions, and
interactions.
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On the basis of the analysis, specific questions will be formulated
about ways in which the scheols can be improved. The word "questions"
1s used in tuds instance to dlstinguish it from the "hypotheses"
referred to in block 12. The questions in block 6 might be thought of
a8 hypotheses, because they will be ideas about how particular schools
might be modified. The ideas will dbe tested with the sirmulation
vehicle (block 8). However, testing design ideas with the simulation
model does not constitute an empirical test. Therefore, the more
formal term "hypotheses" is reserved for the ideas that withstand the
simulaticy tests and are then offered for empirical test (block 12).

Criterion date or measurements that can be used to help answer the
questions reised in block 6 will be developed. This is one of the

most important steps in the study. The potential of formulating design
improvements depends to a great extent upon the availability of measures
that show the effects of design changea.

The various design modifications suggested by the analyasis and the
questions thet have been formulated are simulated with the model on
the computer.

It is assumed that actual compriter runs with the simulation model will
serve as a checkout of the prucedures in the model and will probebly
show inadequacies in the model. - Therefore, the general simulation
model will be revised to incorporeate changes suggested by the test
runs. A feedback loop from block 9 to block 1 is shown to illustrate
that the process of analysis and simulation leads to modifications in
the general knowledge of high schools.

The results of the analysis described in block 5 and the results of
the simulation runs are combined into final analyses or conclusions.

Blocks 11, 12, 13, and 14 show the major outputs thet can be expected
from the study. Block 11 represents the reports of the analyses of
the five schools.

The simulation effort is oriented toward developing & _general model

of schools that will incorporate aspects general to all schools, but
will permit the modeling of any specific school organization or proposed
organization. To the extent that the model has generality it should
serve the utility function of a theory by facilitating the generation

of research hypotheses.

Since the main purpose of the study is to find new solutions to the
implementation of instructicnal media through the analysis and simu.
lation of school organizetions, it is expected thet recommendations
regarding the design of schools will be formuleted.
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14. Finelly, a technology for analyzing and formulating design caanges in
8chools is expected. ‘

The data collection and analysis of cvhe five schools is represented by blocks
4, 5, 8, 10 and 1i. A more representational portraysl would repeat the fiow
five timea on & horizontal plane to illustrate that the procedures are repeated
for each school. The more detailed description also would emphesize the fact
that the model or simulation vehicle is continuslly reformulated and developed
ia relation to the study of the five schools.

The School Simulation Project should provide a more carefully developed » more
systematically planned, and more explicit analysis o the problem of imple-
menting innovation in education than has been heretofore accomplished. By
glving greater consideration to the detailed analysis of school orgeanization
in its relationship to innovation, the study should produce design suggestions
for schools, that are more dramatic in their implications for education.
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