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FOREWORD

Modern-day educational planners face an extremely dif-
ficult task of providing quality education to large
masses of studonts in vi:w of decreased revenues,
soaring costs, shifting populations, and changing
educational programs. Such a challenge requires that

a far greater emphasis be placed on planning for schools
than has been the case to date and necessitates the
development of improved techniques specially designed
for educational planning. .
Project Simu-School is intended to provide an action-
oriented organizational and functional framework
necessary for tackling the problems of modern-day
educational planning., It was conceived by a task
force of the National Committee on Architecture for
Education of the American Institute of Architects,
working in conjunction with the Council of Educational
Facility Planners. The national project is comprised
of a network of component centers located in different
parts of the country.

The main objective of the Chicago component is to
develop a Center for Urban Educational Planning designed
to bring a variety of people--laymen as well as_
experts--together in a joint effort to plan for new
forms of education in their communities. The center is
intended to serve several different functions including
research and development, investigation of alternative
strategies in actual planning problems, community
involvement, and dissemination of project reports.

The projection cf enrollment changes is vital to the
planning of educational facilities; however, existing
methods of projecting urban populations fall short of
acceptable performance because they fail to adequately
take into account residential mobility. As a starting
point for improving these methods, this report develops
an accounting model of student flows in a large urban
school system. The model is used to identify compo-
‘nents of change in grade-wise enrollment for each school
and to suggest research designs for investigating
processes generating these changes., It is hoped, there-
fore, that this model will be us¢d as a basis for
carrying out empirical analyses of student flows in
large schoul systems and for developing improved tech-
niques of projection.

Ashraf S. Manji
Project Manager



A SIMPLE MODEL OF STUDENT FLOWS IN AN URBAN SCHOOL SYSTEM

INTRODUCTION

A common element in the planning of many public
facilities such as schools, hospitals, clinics and libraries
is the need to locate physical plants of given capacities at
a number of different sites within the urban area. Determin-
ation of both capacities and sites depegds in large part on
the distribution of the populatioﬁ to be served and on the
technological factors influencing the efficiency of plants
of different sizes. Since investment in physical structures
is considerable, the planner not only must consider the
present distribution of demand for the facility but also must
attempt to take projected changes in that distribution into
account. If he failskto do this, a facility located in a

rapidly changing neighborhood may be faced with the burdensg



of excessive congestion or the financial losses associated
with unused capacity very soon after its construction,
Development of a capability to produce reliable
Projections of short-run changes in the distribution of
demand is critical to effective facility planning. Despite
the recognition of this fact not only in the field of
education (Stone, 1970) but also in the planning of health
services ( Gross, 1971), existing methodologies are weak,
partic?larly when data are required for small areas*, The
prime purpose of this paper is to establish a basis for
improving the methodoloyy for predicting short-run changes
in distribution ¢f demand for school facilities. ‘
The premise on which this paper .is. founded
is that residential mobility is the immediate cause of the
majority of change in distribution of the poﬁulation of a
large city. Although some longer run changes can be
projected on the basis of ageing of a relatively stable
population with known demoéraphic characteristics, the
majority of shifts in population distribution are effected
by relocation of households within thercity. Our experience
tellé us that many types of relocation have important
consequences for the school system: the move of the growing
family to the suburb, the influx of blacks into racially

changing neighborhoods, and the arrival of the rural migrant

*by small area we mean areas such as census tracts, community
areas, school districts or other sub-divisions of single

. urban areas




in the central city. However, if we are to evaluate the
conscquences of these diverse events for the planning of school
facilities, we neced a common framework into which these evants
can be placed and within which they can be interpreted. '

We approach the problem of providing such a frame-
work by developing a model of student flows within a large
urban area. .The essential feature of the model is the
representation of transfer rates between grades and between
school distriéts as conditional probabilities of being in a'
given district and grade at the beginning of a specified time
period given that the student was in 1 specified grade and
district at ‘the beginning of the previous time period.

The model serves three specific functions related
to the overall purpose of the paper:

(1) It prcvides a coherent statement of the types of
student flows experienced within the school system.
In partiéﬁlar, it identifies those flows which
make a direct contribution to .changes in grade
enrollment in a given school district.

(2) The model provides a basis for interpreting our
existing knowledge of residential mobility in the
city in terms relevant to facility planning. This
is not an easy task as the¥majority of research in
this area has been concerned with the_populatién

as a whole* rather than with the sub-group comprising

. * gege Simmons (1968) for a good general review.
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households with school-aged children., However, by
identifying the properties of student flows which
stimulate change in enrollment (the model parameters)
we indicate the path to be followed in linking '
student mobility and residential mobility as a whole.
(3) It provides a framework for collecting and organizing
data to evaluate the consequences of particular
planned or unplanned changes taking place at the
neighborhood.level. The planner is often concerned
with anticipating the effects of events such as the
location of a new freeway or an industrial park,
Or the impact of continuing change in the ethnic
composition of an area. At present, we have little
on which to base such evaluations. The model suggests
that oné strategy is to attempt to identify typical
patterns of student flows (and hence particular
values ofvmodel parameters) associated with known
events. 1In particular, it provides a framework for
integrating and developing the concept of area

studies.

The paper is organized into three sections. Sectlion I
is concerned with the development of the model. Section II
discusses the implications of the model for evaluating changes
in school enrollment and for interpreting the results of studies
of residential m?bility in terms relevant to facility planning.

_The final section presents a series of suggestions for research

which are a logical outcome of the structure of the model.




I

A SIMPLE MODEL OF STUDENT FLOWS IN AN URBAN SCHOOI, SYSTEM

Assuming that the distribution of school-age children
between public and private schools by grade and district is I
known at the beginning of the school year, we wish to develop
a model of student transfers (flows) during the subsequent
year which would enable us to defing the distr&bution of school-
age children at the beginning of the following year.

We begin by csnsidering the individual student. As
Table I shows, ﬁany events can occur during the year which
affect the position of the student in the school system. Given
the number of students and the number of school districts in
a city the size of Chicage, we need to make a number of
simplifying assumptions in order to develop a useful repre-
sentation of the system of student ﬁfansfers. We first examine

the flows for a single school and subsequently develop a model

for a multi~school system.

TABLE I

POSSIBL.E EVENTS EXPERIENCED BY STUDENTS IN A GIVEN GRADE
IN A SINGLE PUBLIC SCHOOL CDURING A SCHOOL YEAR

A, Input to i-th grade at beginning of school year.
(i) students advancing from grade i - 2 in same school;
(ii) students advancing from grade i - 1 in same school;
(iii) students remaining in grade i from previous year
in same school;
(iv) new entries to school, which can be:
(a) student's first time in school:
(b) transfer from another public school in same
district;*
(c) transfer from private school in same school
district; '



(d) transfer from being "out of school” in same
district;

(e) trapsfer from public school in another district
in same board area;

(f) transfer from private school in another district

- in same board area;

(g) transfer from being "not in school" in another
district in same board areaj

(h) transfer from outside board area.

B. Events occurring during school year.

(1)
(ii)
(i1i)
(iv)

(v)

(vi)
(vii)

(viii)
(ix)
(x)

student stays in same grade all year;

student promoted to grade i + 1 during year;
student drops out ol school; )

student has education suspended due to accident,
illness, etc.;

student transfers to another public school in same
district;

student transfers to private school in same district;
student transfers to public school in another
district within same board area;

student transfers to private school in another
district in same school area;

student transfers to "not in school" in another
district in same school area;

student transfers out of board area.

(Each of events B(i)-B(x) can occur to students who enter grade i
during the year under each type of entry A(iva)-A(ivh).)
C. Events occurring at the end of the school year.

(1)
(i1)
(iii)
(iv)
(v}
(vi)

(vii)
(viii)

(ix)
{x)
(x1i)

. student’ remains in ¢grade i;

student is promoted to grade i + 1;
student is promoted to grade i + 2;

depends on
value of i

.student graduates;

student drops out in same school district;

student transfers to another public school in same
district;

student transfers to private school in same district;
student transfers to public school in another
district in same board areaj;

student transfers to private school in another
district in same board area; .

student transfers to "not in school” in another
district in same board area;

student transfers out of board area.

*Events A(ivb), (ivc), {iVe), (ivf) can be made grade~specific
by origin, events B(v), (vi), (vii), (viii) grade-specific by
destination, and events C(vi), (vii), (viii), (ix) grade-specific

)

. by destination.
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A. A School Distvict with one Public School

First, we consider the case of a single school
district with one public school of n grades. At the beginning
of the school year (say year t) each schobl-age child resident
in the district is either enrolled in one of the n grades, or
is enrolled in a private school, or is not in the school at
all, If we make the, following assumptions: (1) that no
students come into the school and go out again during the year,
and (2) that no child can be promoted by more than two grades

. at the end of the year, the set of events occurring to
students at the school from the beginning of year t to the
beginning of year t + 1 can be represented as in Figure 1.

In our representation, the majority of entries are
logically zero; the change in enrollment in grade i from year
t to year t + 1 is given by the expression,

Am(t,t+l)==(m + m .+ m +m +m +m +m +m +m ) -m (1)
i-2,1 i-1,i ii Ai Ri Ei Fi Pi Ni ie

where mi is the total enrollment in grade i at the beginning of
year t.'

Educationalists are often interested in the degree
of student-specific stability in classroom enrollment as well
as in change in total numbers. In otheir words, concern is
expressed for the level of turnover of students in a given.class,
a variable which may be closely related to a number of problems
such as the maintenance of discipline or the rate of deteriora-

. tion of books and equipment, The simplest measure, which can

be derived directly from Figure 1l is the inter-annual stability




~ 1in classroon enrollment (ISy in grade 1), where

I8 =

Mael

e In most cases, ISi will be an appropriate‘measureiw

:55~ﬂof stability: however, when turnover rates_arﬂ_high»fithjméhy7

‘°*[fdstudents coming into grade i and leaving grad iﬁduring

‘}dfgﬁyear, expression (2) will seriously underestimate7thendegree

_ of turnover (or conversely overestimate the degree of

it StabllitY) A number of alternate measures are possible:

(i){ IS can be defined over a shorter time periodf

| such as a quarter or even a month. :i" f,‘;;
i(ii)dka value mii can. be defined which representsditﬁ
| the ‘number of students who begin the schooli_}?dﬂ

year and finish the school.yearhin the same‘7 |

grade. A measure of intrafannnal'stabiii§2»~r'-~7

is then given by

= *
AS mii

my

(iii) two values may be defined: m_, is the total

Ii

number of students transferring into grade 1
. during the year and Mos is the total number of
students transferring out of grade i during

the year. Intra-annual class turnover is then

defined as




ek

e where m is the average size of.the ith
»arade during the year.fwgn g e

c*An important point to note is that therefﬂ'iw

‘ﬁiknecessary relation between degree of class stability and

"fe hange in enrollment. With regard to expressions (l) and

(2), we might have a high out-movement flow (and hence low
stability) which is compensated by a high in»movement flow
and, therefore, no net change in enrollment during the ;"‘
year. Conversely, in an area in which stability is high,Z“u
a large in—movement of students with no compensating out-
movement will produce significant changes in enrollment.
The main implication of these statements is that althoughe*
classroom stability rates may be of interest, they are of]
little value in evaluating changes in enrollment levels :
unless they can be related to broader processes of popula-
tion redistribution of which they are a part.v ‘

B. A School System with m School Districts

The structure ofyFigure,l can be readily extendedhy
to provide‘a model of studentiflows for a school systemkwithlk
m school districts. For the sake‘of simplicity, we will
assume that each district comprises one public school with
n grades, but the structure is easily modified to cope withf
the case of several public and private schools in each dis-

trict (it merely becomes more cumbersome to represent). The



model of the entire system is developed in three stages, .
(1) Consider a single district which we'shall call
district jJ. Instead of representing traaners to

other school districts from grade i as miA as in ‘i .i~l‘
Figure 1, we can identify the flows by specific ’ff |
origin grade and district and speoific destinationy*'fii
) ‘grade and district.r The value jk h is defined as:_ “
“the number of students who are in grade i in district
j at the beginning of the observation period and “’
are in grade h in district k at ‘the beginning of therfd9”
next observation period. Similarly, the value m, |

1R

is replaced by the values which represent the

jk ip
number of students who are in grade 1 in district j
at the beginning of the observation period and are
in a private school in district k at the beginning

of the next period.

(11) Since both school districts and individual grades

within the schools exhibit a considerable amount of

variability in size, the absolute numbers contained
in Figure 1 and in the extension outlined in (i); |
need to be standardized for further analysis. 1In
particular, we are concerned with the EEESE at which
different events occur in different schdol.districts.

We can define the inter-observation period transfer

rates* from the ith grade in district § by dividing

. * these rates ignore transfers into and out of the ith grade
in district j during the observation period.




- tlon by ym, which is the total enrollment in grade
1 in aistriot 3 at the beginning of the year.** HWe

 therefore define a new set of values

in grade i in district j at the beginning of the .

observation period-who_arefinyéraae,h in,distiidtfk‘_l"

at the beginning of the next'period.'+ ;

The model structure outlined‘in this 9£age,is

presented in matrix form in Figﬁre 2.,'Tb Simplify‘

the presentation, the‘largef,ﬁatrix‘is~di?idéd;intog; ‘i

a series of sub-matrices and.vectors,"Eaeh,matrix\

refers to flows between the origin distfict’and‘A‘ 

j

speéific destination district and the vectors E
Gj refer to out-migrants from the éntire‘board atea

*% if the size of the grade class changes markedly during the
m; can be re-defined as the average size

observation period,
of the class during éhis period. ' ’

+ note that the values jkPih may be interpreted as the cqnditionq;:%;

probability of being "enrolled in grade_h_in'd;stxidth‘Atfthe 'U‘
beginning of the next period given;that the student was enrolle

in grade 1 in district j at t

e beginning of the previous

~ each value in the appropriate row of our representa-

8

which are tha~gxqpqrtions'o£ thdséfstudenésjstﬁftiﬁg‘Qf

and

Lo
a
: L 3R TN

riod". However, for this interpretation to be of value, we
pe

must be alle to demonstrate that these probabilities exhibit
some form of predictable behavior over time (either being

stationary or being some specified function nf other predictable

variables).



and to graduates‘respectiVely. Thus, the mateix
jj refers to the grade~specific rates of exehange"

within district 3 and the matrix ij to gradea”

Specific rates of exchange between the jth and kth
districts. ' ; o

_,(iii) Finally, we expanﬂ the system to include all m‘
districts as origins. This system is represented
in Figure 3 in terms of matrices and vectors.; Eachgu
matrix represents the rates of grade—specific ’“~»
transfers between the districts indicatea by the 'jif}n

matrix subscripts.

We represent the. in-migrants frOm'outside'the*boardijfua

area and the number of new students separately and ftf

in absolute numbers. If special surveys were taken,l3*7

it would be possible to include new: students withinrnfs‘
the model by defining an additional "grade" of '

pre-school children in_each district. However, in,‘
the case of in~migrants, we cannot define the base
population for the calculation of in-migrants

strictly as an exogenous input,**

* we note that the row sums in Figure 2 are all unity, i.e.

<szkpih>+ jPiE + jPiG =1 fcr all 3 and all i

** gee Moore (1971) for further discussion of the problems of
treating in-migrants to the city.



[ g

| afie ] fo o |20 |l

o
o
o]

'Y
23
§
.

L 1]
-vv
”
0

2
S
5.

z.o

-~
: [ 13
-t

~ State of School-Age Child in District j at time t
o]
o]

' Matrix Pjj of transfer Hmwmw.w‘a_.zwﬂﬂpx wuN OH ﬂHmbmme rate
i within District 3 ... vmnzmmb Districts u -an

S e B mHocmm 2
INTER-DISTRICT q»>zmmmm.x>amm.mow,chumzameowH




g
<
oo
4,<r
-
AR

pis
A
=
et
-t
&7




LI

- uzpin:t'r? or THE] E‘L‘ow "MbbE"L‘ |

In this sectiOn we are concerned with the 1mplication
3dofythe structure of the model we have developed. The sectionu

:fis divided into two partss (A) the implic‘ ions of the'i

,,   fﬁthe model parameters'(the values

Capacitative Changes in Enrollment




The district exhibits virtually no change as
‘inflows and outflows are in balance.'o

'VfThe district is aubject to slow and continuing

'*[_change due to ongoing processes such as the;

..}ﬁ;net suburbanization of‘inner>oity families.




o oml5e

ﬁf'unpredictable in the sense that the particular;]f

"» :magnitude and location cannot be specified, ,f o

‘ ff°regarding the types(of area in which‘such

 71f}events might occur (and sometimes ahtachfu a-

 ful subjective ’p._ ‘,‘babilitie,‘. of °°°u§r°nc ¢

E”;fdiffere t areas)




acquired, improVed capabilities for making short~r0n

'projections will be attained.

The Processes Generating the Values jk ih

The parameters of the model (the valuee

) may

jk 1ih
;ebe treated either individually or collectively as dependpnt

;_7variab1es.; In other words, we are concerned with the factors

'=grfwhich underly particular flow parameters.  Such ‘a treatment



of students transferring into Oak Park from other,‘of}ff

| ”public schools).

The disadvantages of the approach outlined above

kaara that it is static and it is concerned with form’

""‘,‘rather than process. Although the above proceduiev'

 can give useful insights, a more criticallap"'agh;

Lfirelating mobility and neighborhood change procease57

“"Fjﬂis demanded 1f we are concerned with anticipating

ffchanges in population at the neighborhood e

‘°°5]zIt 1 the TYPe 1 situations which pose the gred

'*'V«Q;f'problem for planning of any P“blic fagilities,
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| 11 . S
 SUGGESTED TOPICS FOR~FURTHER,RESEARCH"(

'f _model of student flows in an urban school system and discussed;,

‘ffite relevance for evaluating changes in grade enrollment for

1[ different school districts.‘ However, we muet admit that, at

"n’:the present time, we. know relatively 1iLtle about either:the
*n"values of the model parameters in individual cases or the

'la;fifactors which qenerate changes 1“ these parameter values;




The model must also yield insights into the processes

f¥15 underlying changing qchool enrollment. Using the model




(4)

"Evariation. In particular, correlation analysis of

. ‘fvthe structure of student flows.f~r3w"t‘
(5)
k",ﬁvis that it is developable., The structure in Figure

'?]is similar to the general m~region population growth‘

.‘model parameters would be of m&jor interestfwith

~ amphasis placed on identifying both stationarity

'Particular parameters of educational interest may be

a’selected for study in terms of district by distriet
'disfriot—by-district variation in stability rates,

~-Lransfer rates may lead to new 1nsights regarding

. model of Rogers (1968)1 with only minor modifications

growth (decline~stab1e growth) characteristics and p,;:,:,,

treat them as case studies.‘ Temporal variation in

and sudden shifts in parameter values. o

‘drop-out rates and private school—public schoodi‘

An important property of the model we have present




model, the implications of a given schedule of
transfer rates for generating changes in the

distribution of children in the system can be

valuated. This may serve to identify those o
areas in which action is most drastically needed, ;
ox at the very 1east, those areas for which the
mobility experience needs to be most carefully |
‘monitored.: Thus, the final project suggestad is o

an evaluation of the consequences of hypcthesized

ymobility experiences for selected problem dis ricts

‘“within the city to establish bcunds on,shortnr

yenrollment changes.;_«e*[.V“i’



A FINAL COMMEN’I‘




n'*YzhfStone, R. (1970), Mathematical Mod,
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