ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



AN IN
PROGRA!

TilG I SCRECOL PLAINIRG

[

TN LD TSR R S TIDIIITA Y T a4
i .L‘»{TO THE Usz 07 QONCEPTUAL ds‘l;‘_!_‘.‘.‘f‘f‘[‘.
“n
Warliad DULLLL

FADPTMAT Iy

CLATDE A, KEITHLEY

B, Archlissture, Kahsas State Universiiy, 1585

A MASTER'E HEPCRT
o

gubnitied in rartial Tolifilinent of the

requirsrents fov the degres
MASTER OF REGIONAL AND COMMUNITY PIANNIRG

Department of CJommunity and Reglonel Planning
Cellege of Architecture and Deslzn

KANSAS STATE UNIVERSITY
Hanhattan,; Kanzas

1873

Approved by

U YO &) w "




LD

2Ly

kY 11
a7 2

ACKNCHIEDGRENTS
KY S |
o
;vw LI -

T
s.“gﬂm"t:‘ o ;’"

The sincere appreciation is gratefully acknowledged to all
sons who contrituted to the completion of this research effort,
et

especlally my father, Claude W. Keithley, who, in hls wisdom, recognized

the value of the education he ceould not, himself, recelve.



1ii

TARLE CF COUTLNTS
Chapter ) Page
T, INTHODUCTION o & o 6 b b & 6 o 6w d 4 § oW 56 6 g os 2
The School Constyuction Problem o« o o ¢ o 0 o 5 o ¢ o o b
IT, A LITERATURE REVIEW + o o o ¢ ¢ s ¢ o o 8 6 v 0 2 0 s o ¢ 6
Redovant TORHSE s v & @ ¢ o € 5 @ & & 5 % 8 & & ¥ & & & o )
Sore Illustrative ¥odels o ¢ o & « o ¢ o o o o a s ¢ o @ 7
National and Reglonmal Models o o o ¢ 4 ¢ o ¢ o o 2 o 4 @ 10
SUMMATY « o o o o s & % 4 % & & # ® &« o & 5 & n ¢ ¢ ¢ 9 131
Til, MOUBI. FORMUTATION + e w w ¢ s w s s s e m o m v w s« & s 13
Viewpodnt o o o o v ¢ ¢ ¢ o 0 ¢ 5 o 5 o 4 v o o 5 5 » 13
Construction COsts v ¢ o » n o 4 s ¢ ¢ v ¢ 2 0 o s o 2 s 47
Optimum School Size o o « « o ¢ o ¢ o a o s 5 o ¢ 0 « o 13

Determinatlon of Minimum Space Constraints for
caﬁa S‘t‘ltd}v . L] L} L] L ] 2 . L] L} a L] " 3 ® € s o @ ® & 8 223

Maintenance COStS o o ¢ o v ¢ 0 2 2 v o s 5 » o o s s o 26
Transportation Costs « o ¢ o ¢ o o 2 o v 0 ¢ o 0 ¢ v ¢ 0 27
Budget Parameters o« « o o o o ¢ o o o s s ¢ 0 s s ¢ v s 30
The Baslc M0del o v v v s o o o s v o s oo s e e aee I
IV. MODET APPLICATION & o o o v oo o v s s s s o o o a o s o U2
Introduetdon & « « o s % % ¢+ w w9 o w29 5y won »vow Y2
Model Restatoment « w ¢ 5 v » o % &« 8 € 5 8% 6 € 5 8 o & 33
Model APpPlication .« s « ¢ 5 ¢ 5 s 4 s e 8 # s s s s e s 78
Vo CONCLUSION o« o v 6 o 8 & w2 ¢ # s & &€ 5 & & % » 4 o & & o 80
Model Analysis « s o o ¢ v ¢ # ¢ 6 6 4 0 08 e 0 o8 s ¢ &0

m RE: N EE E; £ E ) [ - L L] . & . [ ] 1] L] ¥ L3 » [ o« L] L3 L L * L] L] L] L] L] &

el
N



APFENDIX As

APPENDIY E:
CONVENTICHA

APFENDIX

CONVENTIO 'AL;S

Epg

T
1L

r\-u"v

o
B

IC STANDAEDS FOR NZW UREAN DEVELOPHMENT .

va._. a

RO

I3,
s8¢

TEER,

Enk Sl

Ad

N
T

A

VU
’
Fal

AND STIZES

ﬁB; SCHOGL o »

a

iBER, AND S8IZES COF

£

SCHOOL .

-

0¥ SFACE IN A

[ ] L] - L] *

sPaCe IN A

iv

Page
L] - L 91
L[ ] .i L] 93
3 & @ 96



Table
1.
2.

3
b,

5
6:

7.
8.

8.1

8.2

8.3

9a1
9.2
9.3
10.1.1

10.1.2

10.1.3

10.2.1

LIST CF TAEIES

School ConstructiOﬁ Costs (1960) T I g
Antloipated School Construction Costs o s o o ¢« o o @
School Slzes ¢ + ¢ o o 4 o 8 8 & ¥ 24 a ¢ 8 # 4 o 0 o @

Construction Constraint Determination Per School Type,
Lake Charlegy Las. 3t2dy ATC2 o » » 9 « 5 & » » s & a

Anticipated School Maintenance COSTS o a o # o o o v
Statistics on Student Transportatlion o o ¢ 2 ¢ ¢ ¢ 3
AﬂtiClpatEd Transportation Costs c‘- RN I T I T R

Basle Ceonstruction Gonstraint Determination Fer

Planning Increrent s+ ¢ o v 2 ¢ o » @ & o 5 o 9 a o o

Ad justed Construction Constraint Determination Per
Planning Incrensnt, nlementary Schools o o .5 2 s o o

Ad justed Constructioa Constrzint Detewminaticn Per
Planning Increment, Juniocy High SCNURIS ¢ 6 s 8 8 @

Constraint Deternination Per

Ad justed Construciion
rent, Senior Hizh Schools o ¢ s ¢ o @

Plapning incre

Area Constraintsy Schodl Type Kk = 1L 4 o o o o o o o @

Area Constraints, School Type K = 2 o s « o s o o .o

Area Constiraints, School Type k = 3 o e e s 885 00

Enrellrent, Construction and Zudeet Constraints,
Plarning Increment l, School Type K =1 4+ o o o o »

Enrollment, Construction and Budzet Constraints,
Planning Increment ls School TyPe X =2 4 o o« ¢ o »

Enrollment, Construction and Budzet Consiraints,
Planning Increment 1y School TyPe K = 3 o ¢ o ¢ o &

truction and Budret Constraints,

Enrcllnment, Cons
nersnent 2, School Tyoea K= L 6 o v 2 s »

Planning 1

Page
18

19
20

25

27

29

33

34

5

%6

&

51

\n
G

n
¥, }



Table
10.2'2

10.2.3
10.3,1
10.3.2
10.3.3
10.4.1
10.4.2

10.4.3

Enrollzent, Construction and Budzet Constraints,
Plamning Ircrement 2¢ School Type k=2 4 + &

Enrollment, Construction and Budget Constraints,
Planning Increment 2, Scocol Type k=3 4+ & &«

Exnrollment, Construction and Budget Constralnts,

Planning Increnent 3, School Type k=1 . 4 o

Enrsilment, Construction and Budret Constraints,
Flanning Increment 3, School Type E =2 4+ « &

Errolinent, Constructior and ®udget Gonstraints,

Planning Tncrement 3y School Type k=3 . 4 »

Enrolliment, Construction and Fudszet Constraints,
Planning Increment 4, School Type k=1 4 4 &

Yo K =2 4 & e

L

Enrolinasnt, Construction znd Pulzet Constraints,
g I I %

Planning Increment 4y Scaod

Bnrollment, Constructlon and Budeget Constraints,
Planninz Increment 4y School Type k=3 4 o &

vi

Page

52

62

&L

69

72

75



vii

LIST OF PLATES

Plate ' - Page

I, Study Arsz, Lake Charies Hetropolitad Plan and
Transportation SHUAY o o ¢ ¢ 2 4 2 2 2 ¢ ¢ 8 8 ¢ 8 5 « & 21l

II, Plennirz Analysis Areas, lLake Charles Hetropolitan _
Plan and Transportation Study « o o o ¢ ¢ ¢ o « 2 o 3 » 22



viil

LIST OF PIGURES

Flgure Page

1, Delineation of Land Service Units. Metropolitan
DadaCounty..aa‘....-aa..-----.-.a 2

2., C(Classification of Twenty Urban Planning Medels .+ ¢ o ¢ o + 12



CHAPTER T
INTRODUCTICH

In studies of planning and the tehavior of people affected by
planning, the investlgator is often faced with evaluating mény diffuse
varlatles and factors which, when iaken together, account for much of
the observed variation in course of action, but which individually
aceount for little.

The planner is neressarily coacerned, not only with the ;hdg
pleture,” but with the inter- snd intrarelationships of the smaller
segnents or land sewvvice units of the metropolitan area ~= that 1z,
districts, comrunities, and neighborhoods, the relationship of which
1s 11luvstrated in figure 1.1 It isy thus, the planner who nust evaluate
the slemsnts within these land service units in order to arrive at 2
rational comprehensive developnent plan,

Such factors as commercial development, industrial dsvelcrment,
residential develcopnent, open space and recréational developnent, ani
community Tacilitiss including civic and government centers.ranﬁ school
facilities must be included in zn znalysis nf exiéting conditions and a
projection of future needs. Within these categories, consideration
must be given to suenh variables asi

(1) Housshold descriptive factors, including:

a. residential density, now and in the future,
b, faﬁily size and composition,
¢, sequlzy characteristles, and

d, family income and occupations.
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(2) Retall market factors, including:
a. size of market,
b. consumer ani facility'lOcations. and
¢. actessibllity.

(3) Transportaticn system factors, including:

a. distances and travel times to work, to school, to
recreation, and to retail markets, and

bs congestion and levels of acecsss by pedestrian,
automobile, or pubiic transit.

(4) Iniustrial factors, including:
a. plant location and facilities, and
b. utilities available.
(5) Financial factors, including:
a, land costs,
be capitzl budzeting,
¢. methods of firance,
d. tax rates ard assessments,
e. maximum Jevel of indebtedness allowed by law, and
f. construction costs.
411 of these factors and more are a part of the planning process.
The study of planned school consiruction reported in this paper repre-
sents osnly one of the subprocesses of the total, but one which presents
maay @roblems in the development of a comprehensive plan. Many of the
factors listed above plus those listed below affect the actual construce
tion of scheool facilities within a metropolitan area. Those other
factors affeciing the scheeol direetly include:
a. DPresent and anticipated enrollments,
b, the adequacy of the existinsg school plants, and

¢, the necessary expenditures for mainienance and construvction, etc.



Yet; even 1f all of the signiflcant variables could be identified
and measured, the problen of determining thelr separate and joint effécts
upon school constructlon would remain. Taken together, these consldera~
tions inply the need for a greatly expanded storehouse of infoxmation,
to say nothing of the additional effort needed to analyze and evaluate such

data.

School Construction Problem

The planning process, as it 1s referred to today, must make some
effort to evaluate the intecrrelatedness of the various data, not oriy for
schools, but for commercial requirements, industrial requirements, zrd
residential requirements, ete. Great strides have been initiated in
thls direction with the use of neighborhood analysis, cost-benefit analysis,
gamlng simulation, and programming models, but many of %he valid methods
of analysis nave become so complicated in thelr manver and so diffusz in
thelr termiﬁOIOgy, that the average plannzr cammot comprehendi encuxh
inforration to render the models usefuls But 1t remains his funetion to
asserbie a ccnmprehensive gulde for city growth based upon insufficient
available information in the shortest amount of time possible. Thewefore,
methods nead to be devised which will enable the planner to evaliate
logically the factors affecting clty growth. It is, thus, the intent of
the author to hypothesize, and using linear programming teastniques, investie
gate a model which may aid in evaluating one such factor: schceol constructir
within neightarhocds.

Basically, lincar programming is a mathematical technique for
dealing with complex problems involving the alleocatior of scarce resources
among competing demands or uses. The solution thai is derived eitrer

meximlzes or minimizes a given linear expression representing the problem
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objective while at the same tine it satisfies a set of linear conditional
expresslons or constralnts. Thls technigue has recently found appliza-
tion in a number of fields which are dirwetly related to urban planning.
It i1s the purpose ¢of thls report to explore the applicabllity of Jinear
programning technigues to school plamning while using financial constraints
imposed by laws relatingz to capital budgeiing and cdnstr&ints dealing
with the physical limitatlions feasible for varlous types of schools.

Chapter II represents z general review of the various models
avallable for use by the plamner and a selected glossary of relatively
uwnfamiliar terms. The medel for deternining neighborhood school con-
structlion based cn financlal limitations is presented in Chapter III.
Prelinminery data pertinent to the application of the model to a selected
study area is 2lso included in Chapter IIT.

Chapter IV deals with the applicaticn of the model to the study are
and the rezvlis obtained from a computer run using the primary data
developed by Howard, Jcedles, Tammen, and Zergendoff, Consulilng Engineers,
Kansas City, Missouri, Urban Planninz Department, and the sccondary data
developed in Chapter III that was needed for the model application to the
study area.

Chapter V presents an-analysis of the Utility of the model, problems
inherent in its use, and potential extensions of the basic research for
added utility to the planning profession. The derived medel should be
consldered as a conceptual statement of potentlal relationzhilps between
schoel construetion, maintenance costs, transportation costs and fiscal

budgetary limits,



CHAPTER II
A LITERATURE REVIEW

The material presented in this chapter is intended to familiarize
the reader with the various applications of models and programnming
techrniques availabie to planners. While it would be impractical to provide
a conpleie detailed deseription of the models, a brief mentiog of some of

the more important is presented.

Relevant Terms

A mnodel is a representation of a real world process in simpiified form,
wnencunbered by irrelevanqies.g In the usage herey 1t is a mathematical
representatlion of a process previcusly concentuzlized in verbal and logleal
form in thsoryv. 3 nodel must seek to satizfy three regquirements: first,
that the model must grow out of a legically consisient ecrzanizing concepts
second, that it have some relation to a process as it actually occurs or
functilons in reaiity; and thilrd, that it have a dynanic quality which is
capable of repetitive application and capable of taking into accoumt
feedback effects in the course of the stabilizing process.3 The objective
of much model-building is sizulation. Literally, thils word means imitatlosn,
and most sirulaticns are imitaticns of real world processes either through
& mechanical analoz or through the operatlon cf a computer process.

Strictly speakiﬁg, the term simulation can be very btreadly applied. Thus
the formula s = vi{ can be said to simulate uniform motion in sueh a way
that the distances iraveled can be determined.

A special sub-class of models of growing imporiarce is oriented not

to the external sworld which the planner hoves te contrel, but to the



decislion process of which he is a part., 3Some of these models simulate

actual decisions processes, but most are abstract formulations of a

problen of optirimatien = that is, finding the best solution to a problem,
An important technigue for solving certain optimization problems is called

linear prorranmninz, This technique will fird, by methods of successive

approximations, an allocation which nmaxinizes or minimizes a linear

objective funetion, The allocation nmay be an allocatlon of construction

t0 sub-areas, an aliccation of femilies to dwelling units, or of budgets
to projects. The objective function would be some measure of cost or
benefit determined by muitirlying each allocation by an associaised

o . 4
coefficient and summing over all casss.

The term “carital budicet" has been used rather loosely. In fact,

"there are so many kinds and varieties that a general definition ds....
imPOSSible."S A budget is, however, a refleection of dseisions about the
allccatlon of aveilable resources. A budget is a pl=zn and a budget pro=

‘ s E 4 -
Jection is a plan for the future. Schoel Flamnlag must rely on budget

allocations and, therefore, must muster the comnunity suppeort necessary
to assure that resources will be provided. School systems generally
depend on three sources of state-local revenus support for public educa=-
tion: the vroperty tax, state aid from general state revenue, and local
nonproperty taxes.? School planning is but one elerment of the community
which nust be resolved within the planning process. The Capital Budget

represents a real constraint inposed upon that procoess.

Soms Tllustrotive jedels,  Thers are two general classes of models
belng tested and introduced into plamming analyses. One class, called a
growth irdex model, draws upon indleces of varlous kinds, using them as forces
regulating the development process. 'The gravity model has frequently been

used, and sometimes a multiple regression equation is used to provide a



composite index of a variety of factors signifieantly assoclated with
growth or decline. The other ciass is based on a behavioral concept of
development, with the model simulating the way in which households and firmg
reach location decisions.8

At this stage in model development, the Growth Index class of models
have teen used more generally than the other class. ¥Walter G. Hansen,
in 1959, vsed the concept of accessibility as an orzarizing concept for
distributinz {0 specific sections of the metropolitan area a glven aggre=
gate estimate of residential grewth. His basic ceoncept calls for thes
distribution of new porulation o zones according to their respective
development potentials and holding caracities relative to those of all
other zones in the metropolitan area.g

His model was found useful in smz2ll growing urban areas, but some
kind of adeption became necessary when the epproach was arplied to large
metropolitan aress where the central city was an areé of declining porula-
tion, with only the outlying suturbs receiving the growth.lO

This problem led Lakshmanan and Fry to suggest a dual set of models,
one for declining areas and one for growing a;rea.s.11 Using a linear form
of multiple regression, they developed general estimating equations for
each of the two situations. In thelr study for the central city area such
factors as age of dlstrict, the extent of nonwhite ccecupancy, and presiige
were used as indices of change. [ultiple regression technigues were also
used to distribute service employment, construciion-transovertation-wholesale
employment, and governnment employment using other appropriate indices.

For the local=serving retall sector, the graviiy model has been
widely used. Ilore recently, Lalichmanan ard Hansen have developed a "Ietall

Market Potential lodel™ which exwlores possible equilibrium distritutions



for large retail trade ceniers in the Baltirore metropolitan areaglz
Their study established that there exlstis a balanced distrivutieon in which
the slze of centers is related to thelr drawing power, which in tﬁrn
depends on the distribution of purchasing powef projected for the area
and the transportation facllitles for trip-makers. The balanced distri-
bution of retail outlets turns out +o be-the minimum cost pattern for
trip-nakers.

Other models of this class that are available to the planner ars as

follows:

(1) An Opvortunity=Accessibility Model for Alleocating Regional
Growth13

(2) A Growth Allocaticn Vodel fer the Boston Regianih

The class of behavicral models are comprised of the simulation tyre
which starts with a conceptual framework, and within this framework fecuses
on a particular orgzanizing concept, and finally coming to the empirical
Problem invoelved. |

The Pittsburgh model set forth by Lowry deals with the interactions
Of.hroad azgregates of activity.15 The key feature of his model is the
trip distribution indices computed from data assembled in the Plitsburgh
Area Transportation Study.l Using his model, Lowry obtained a distriiution
of retzlil and other forms of iocal-serving employment developing to serve
his populatien,

Carrying Lowry's work furthex, Steger developed the Pittsburgh Urban
Renewal Simulation Medel for predicting the locaticn of basic industry.16
The prediction of residential locational choice on the basis of job loca=-
tion, 2nd of the location of commercial activity on the basis of residentiai
location, has been refined, making lowry's model a more complete predictor

of urban developmsni,
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As sketched out by Herbert and Stévens, the Penn-Jersey Transporta—
tion Study proposes a linear programming approach to distributing households
in the metropolitan area.l? The model 1s designed to find optimum loca-
tions for households of various income levels, recognizing four locatiomal
factors = a type of house, an amenity level, an accessibility combinatlon,
and a slte size =~ with households locating to maximize thelr rent-paying
ability and minimize thelr total land rent within certain constraints of
the market.

Another model dealing with the simulation of residentlal development
was develozed by C:ha'_oin.l8 His model takes inio consideration the compe~
tition for desirable sites, the ccﬁsequent increases in the intensity of
utilization, and the rents of these sites.

The San Francisco model revprssents yet another attempt to glve
attention to the declision making process which leads to changes of
occupancy and the state of the housing stock in larpe cities.19

The Wisconsin model is part of a larser system—engineering approach
being developed by the Southeastern Wisconsin Regional Planning Gornmission.20
The overall approach involves the developrent and use of a regional econo=-
mic sinulation model and a land use simulation model, each wilth sub-
systens consisting of a linked set of submodels. The land use model 1s
deslgned primarily as a tool for testing regional land use plans.

Haticnal ard Reeional ilodels, The simplest formulation of a spatial

systen ryows out of the nonspatial input = output models originally
developed by Leontief.gl These nmodels were intended to show the inter=
dependence of economic activities in terms of flows of physical inputs and
outpruts. The underlyins assumpticn of such models i1s that inter-industry
flows can be ldentified and quantified and that there is a fixed relation=-

shlp bLetween input flows and output levels. A basic fault with
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this model is that it relatss to a single reglon versus the “rest of the
world," rather than to a trade within a system of comparable regions.gz
Basic data gathering is also a protlem of major proportioms. As a result,
much of the potential usefulness of input - output analysis is untapped.
However, the partial success wnich has been achisved thus far indicates
that there will be greater future use mad§ of this technique by planning
analysts.

¥Walter Isard and Beajamin Sievens have postulated a regional economic
model vsing linear rrogramning which programs diverse Production and
shipping activities of any region to maximize the sum of reglonal incames.23
Transportation planning has utilized linear programming in a number of
ways. One of these involves alloeatlng funds for highwey link improvements
of a system, the objective being to minimize the user costs and the cost
construction, Linear programming has been ussd 1o forecast residentisl
location in a region by simulating the optimizing behavior of people as
they seek to maximize their rent-paying ability (itself a function of
household budzet), housing costs, ard the cost of interaction or transpore
tatlon. A more aprropriate use of linear programming is Schiager's land
use plan design models This model 1s designed to allocate various land
upes to the different subsreas of a region according to future demand and
in accordance with stated deslsn standards, at a miniﬁum of land develop=-
ment casis.gﬁ |

Summary = Ho attempt has been made here 10 probe in detail into the
form and function of mecdels presented, The advent of mathematical analysis
has been received with mixed emotions. However, there is general recogni-

tion that such analysis con be of use in the solution of certzin types of

Problems, The model presented in the succeeding chapter represents an
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attempt to overcoms one such problem,; thereby leaving the planner better

able to concentrate on the other "hunan" factors in urban and regional

development. Flgure 2 represents the state of the art in mod.eling. at

thils point in time,

CLASSIFICATION OF TWENTY URBAN PLANNING MODELS

Figure 2
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EMPIRIC Land Use Model Brand, Barber, [1966 X b 4 X
Jacobs :
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Model.of Metropolis Lowry 19641 X X X b 4 X
A Model for Predietinz Traffic Patterns i Bevis 1959 X X
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Alloe, Rez. Growzh -
Penn-Jersey Hesional Growth Model Herbert 1960| X X X
Plttsburgh Urban Remewal Simuilation Steger 19641 X X X X X
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CHAPIER III

MODEL FORMULATION

Viewpolnt

In dlscussing fhe educational systemn of a community, several
viénpoints nay be considered. The planners’viewpoint is such that a
esriata Leval, of sanesitiog showld b peovided fow svery enila o ema
comnunity, and that the school enrollments, or class size, has an effect
on the instructors efforts to disseminate that certzin level of educations
Involved or associated with this viewpuint are certain costs of not pro-
widing this level of educatlion, e. g the cost of crime, the cost of lower
income, the cost to retail saleé, the cost of marFetabhility appeal of the
conrunity to outside financial rescurcesy the cost of not vroviding levels
of community services and racreation. All of these factors must be
evaluated with respeet to what degree they would be accepiable within a
community should the educational service level be lowered. The ﬁlanner
in search of an opiimal pattern of growth must assume the desirable level
of education be availavle to all school aged persons within his study area;

Assuming the educaticnal level will be provided, the plaaner has the
responsibility of evaluating the existing schmél vlants to determine their
adequacy now, and at the end of his planning pericd, both in structure
and location in terms of anticipated growth. The problem of when a school
¢f & certain type is to bs built is solely dependent on when a neighbor—
heod, community, or district can eccnumically support that school with
a nininum enrollment. Often loecational eriterls may diectate a new schocl

where such antlcirated enrollment is welow that minimum accepted enrolinent,
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These occur where health,rsafety, and welfare of the student coupled with
such physiographical factors as expressway location, r#ilroads, drainage
courses and streams, irdustrial district locations, etc. which isolate
néighborhcods and present hazards to students in daily crdssing are
Prevalent. In cases such as these, bussing may be considered as a logical
alternative, however this becomes a declislon of the school administrator
and not a deeision of the planner.

The school adminlstrator views the problem of school locatlon some=
what differently. Although he is concerned with the level of education
offered to his community, and the social costs involved in not providing
this lsvel, he has a budget systenm within which he must organize his
experdltures on all of the schools, existing and planned. BHe has before
him such schocl system identifiable costs as opsrational and overhead
expenses, inecluding salaries, costs of bullding z new school plant,
maintenance costs, cost bf converting one school typé to another, znd
transportation costs. The soclal cost of iﬁtegraiion ars also of real
goncern to the administrator, though unidentifiable in terms of his
financial accounts.,

All of these cosis are varlables dependent on numerous things.
Maintenance costs are a function of the sgs and structural condition of
the school plant. Transportation costs depend upon the number of busses
required, a function of the number of students to be transported, distances
in#alved, time, and maintenance costs. School plant construction costs
and conversion costs are dersndent on such items as: construction wages,
materials, ever=rising land cosis, consultantd fees for design, supervislon,
inspection and overhead, and, in general, the overall rise in the cost

of living.
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To further cormplicate his problem, the aﬂministratdr is faced with
the community's viewnoint of the education system, upon whilch the success
or failure of scnool bhond issues for new constructicn depends. Thus, it
is the administrators responsibllity to finance his educational system
based upon his school budget, taxation revenue, endowments, and bond
issues, providing for the commurdty's deéires concerning level of educa=-
tion'acceptable (which the planner has adopted by either convinecing the
comnunity of mininum desirabvle standards for development or adepting what
is generally accepted by the community as deslrable standards).

Basically then, the planner determines how many schools, by type,
are required by the community tec provide for a nminimum acceptable educa=-
tionzl level for every situdent within the study area throughout the
planning period, the best loecation for a school within a neighborhood,
community or district, the delinecation of school attendance areas based
on physiograrhical restrictions and acceptable maximum walking dislances
from each school type, a schedule of anticipated enrollments which indicate
when a new school can be economically supporied by a comnunity, and a
proposed schocl construction schedule based upon school sizey locaticn,
and emrollment to satisfacﬁorily provide for the assumed minimum acceptable
educational level'per student.

The school administrator, given the planner's solutlon, is responsible
for the implementation of the educatlonal plan by financing the system
recommended by the planner within hls budget framework and that provided
by the other financial resowrces available to him. The decision can be
considered to be made by the community upon acceptance of the planner's
solution. At what point in time nmoney must be added to the system to attain

the goals of the plan is the decision of the administrator or school



16

systems planner whoss prefession rerrasents a combinatioﬁ cf scﬁacl
system planning ard schqcl adminisiration, |

The planner has developed his golution wiihout budget constraints
because financial linitations were unrelated, to the attainment cf;his
goal of minimom acceptable educational levels The school systems planner
can now add a budget constraint within which the system must be built,
This may be broken down by allowable expenditure on school type within
the planning pericd, =nd alicwable exvenditure on all schools cunstructed
within a certain playning inerement. At any razie, the objective is to
determine the most scenomieal school eonstrusticn schedule, given the
tudzet limitaticqs and'the.plannexs solution of school needs within a
strdy area. 3tated another way,.tbe cbjeetive funciion is to minimize
new school construction costis, or that vart of the total school systen
cost which would mstify the issvance of new schocl construction bonds.
All other schooi system identifiable costs can be assumed as part of
the normal school coperating budgetd, financei fron ¢ther sources and thus,
not a pexrt of the new school consiruction problen. The operating budeet,
deperdent on the nuzber of schools, ieachers, etc., becomes also dgpendent
upon when a new school is added to tha syster of existing schools theredy
increasing the number of teachers reguired, maintenznce costs and educa-
tional equirnent needed. Once an optimal constrmetion scheduie is obtained,
a change can then be sutmitted to the operazting budsget to reflect the
addition of schools to the existing systen, thereby increasinzy the total
finaneial resources needed to operate the entire system of schools. Included,
however, in the school construciicn problem is a measure of the transpor=
tation eosts and maintenance of plant costs to 1imit the choices of solutlons
ardi to offer an exisiing trade-ofl Letween bullding a school befors a

neighborheed can support tiatl school with a mininum enrollment, thus
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increasing maintenance costs, and walting to build a school; increasing

the cost of pupil transportation.

onstructicn Costsg

==t

As many architects and educators readily'admit, cﬁmparing the unit
cost of one school with thati of ancther is meaningless and often mis~-
leadingz. Costs siﬁply injicate the number of dollars that are spent for
a unit area, volume, or student. Unit eosts are determined by dlviding
ecost by another item, usually number of students, number of sguare feet,
nunber cf cubic feet, or number of classrooms, Since only the numerator
or cost figcure is definite, the unit cost loses nmuch of its signifiecance,

Unit costs can, however, be extremely valuable to the planner,
Architects have used the cost per square foot as a predictor of the total
cost of a bullding since the beginning of architectural cost analysls,

It is not surprising, then, to find that a study,25 conducted by Basll
Castaldi, Brisiol Community College, Fall River, Massachusetts, of two

unit costs as a predictor of total cost indicated a coefficient of
eorrelaticn between cost per square foot and total construction cost of
0.92, and a coefficient of correlation batween cost per student and total
construction cost of 0.71.  Castaldl cited several lnadequacies common

+0 all unit cosi figures. However, he readily admits that still the most
reiiable rredletor of total construction coét is the unit ecost per square
foot. As such, cost figures to be used in the model will te cf this variety.

The exact costs of coenstruetion of pew schools in future years can-
not e accurastely assertsined. Howsver, a reasonables approximatlon may
be obtained with the use of Resression Analysis utilizing existing and
Past construction data as inputzese This method imnlies an assumptlon of

linearity, and describes a straizhi line projection of past datas. Research



18
on the subject of construction cosis has resulted in the data compilation
of Table 1. These values were calculated from data obtained from
interviews with Mre He Le Zrotherson, Business Manager, Wyandotte County
School Districts Xansas City, Kansas, and bMr. G. Dewey Smith, Business
Manager, Kansas City, illssourl Board of Eduecation, and, though possibly
in error when applied to a stuly area other than Kansas City, represent

an approximation of scheool construction costs which will be utilized in

the model,

Table 1

SCHOOL CONSTRUCTION COSTS
(1960)
Averzze new School Cost per

School Type k Cost per student Coeonstruction Cost  Sguars Foot
Elerentary school {(k=1) $1250 $0.4 Million $12,50
Junior Hizh school (k=2) $2000 $1.5 Millien $15.00
Senior Hizh school (k=3) $1700 $2,2 Million $14.80

. The general trend in construction costs at the time of the study was
three to four percent hizher per year. A4s a result, the anticipated school

construction cosis (ci k) for each planning increment (P = 1, 25 35 seeet)s

n
X

using the maximum rate of increase, is that shown in Table 2 for é plaﬁniﬁg“

pericd of 20 years frem 1570 to 1990 with four planning increments of five

years each.
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Table 2

ANTICIPATED SCHOOL CONSTRUCTION COSTS (

cipk)
(unit cost per sguare foot)

Planning Increment (p)

Sehool Tyre k p=1 pP=2 P=3 P=4
Elementary school (k=1) $13.75 $15.80  $18.15 $20.75
Junior high school (k=2) $19.€0 $22450 $25.90 $29.80
Senior hizh school (k=3) $19.50 $22.40 $25.75 $29.60

Optirum, Hinimm ar»d Mazimem School Size

Obvicasly, schools vary in sice thrﬁughout the country, region, citiy,
and even neighborhocls due to such factors as neighborhood size, enroll=~
ments now and expected in the future, facilities inecluded, ete, For
planning purposes, however,; an optimal size must be developed and zpplied
to the neighborhoods of a study area. The Urtan lLand Institute, Washington,
D.Cay suzzgests the minimpm, *ideal", and maximum enrodlment standards
included in Appendix A, Since the objective of the developing model 1s
a minimum cost, there exist; a ninimum acceptable size school to provide
space for either an "ideal" enrollnent, or actual enrollment plus 2
factor of iwenty-five percent 26 which is a reasonable design assumption . .
foﬁ potential increase in capacity due to unforeseééble'growth. |

The school discussed in this report is tased upon the self=-contained
classroom coneept, which is currently popular throushout the Unlted States.
Appendices B and C includes specific information about spaces commonliy
found in conventicnal elementary schools and secondary schools, £.2

types, number, and size of spaces."r and, the minimum acceptable school

size required for the "ideal" enrollment.
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The minimun school size can be considered as having basically two
parts == the space devoted to the administrative unit {considered as a
constant for purposes of the model, although in reality, a function of
the mutber of teachers required at the school plant) and ﬁhe classroom
area (a function of the number of students it is to serve)s. As such, the
minimum schocl size for each school type k can be determined with the
relationshiys éxpresged'in Avpendices B and . Applying the ULI Standards
(Appendix A) on minimum acceptable school enrollments to the above rela~
tienships indicate the absolute minimum school size, optimum, and maximum
school size 1o be that given in Table 3. The "limita" column Indicates
the general relantionship hetween the two functionzal units of the school
and, excoept where less than the absolute minimum size schooly, will be used

to evaluate the minimum space econstraints imposed on the model.

" om, b " 3 T o AFs X + PO v nd I . e
Tighawndna bion of Minimun Spacs Constraints for Oone Study

Obviocusly, the ninimum space rejuired for a schoel system 1s dependent
upon the siudy area and its needs in order to provide a minimum level of
education. The study area selecied 1o initially test the model is that
containing Lake Chariss, ILoulsisna, a comprehensive development plan for
which was underway by Howaxrd, Needles, Tarmmen and Bergemioff, Urban
Planning Devaviment, Kansas City, Missouri, in 1966, The study has since
teen completod and the results within the educatlon secior can bte compared
with thatl developed by the model. The Study Ayea and Planning Analysis
Areasy or neighborhoads, are shown in Plates I and II respectively.

Yelghborheod Anziysis was performed on the Study Area and the results
retevant €6 the arplication are liszted below. GSince one assumption of the
model is that the resulis of the neizhborhood analysis ars correct, a

dlscussion of how the resulis wers obtalned is not consldered relevant.



24
ls The number of planning increments within the planning peried
are four (t = &),
2. The number of school types k required in the Study Area are
three (s = 3): Elementary seiool (k = 1); Junior high school
(k = 2): Senior high school (k = 3).
3¢ The pumber of school types k required at the end of the planning
period (nk) are as follows for the varicus k's:
n, = 15 for k=1
o, = 4 for k=2
= 5 fork=3
k., The number of neizhborhoods (N) within the Study Area 1s 38,
(N = 38),
With the ziven information obtained from neighborheod znalysis of the
Study Area, and the minimum acceptable school size, the minimum space
constraint can be determined, as in Table /& For “he Study Area, This
tadle gives the minimum space/area to be caﬁstructed within the planning
perlod for each type of schocl, and the tfotal ainimum acceptable space.
The value of these construction consiraints was fourd by comparing the
minimun school size determination and the absolute minimum school size.
The larger valus is used as the minimum. The difference between column
(7) and colunn (6) is atiritutable to agsresating enrollments t@ determine
the minimum space reguirements, therety causinz individual schools having
less than the minimum acceptable enrollment to support a school to be

overlocked in determinins total space requirsments,
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Maintenance Costs

Malntenance of Plant consistis of those activiiies that are concerned
with keeping *he grounds, btuildinss, and eoquipment at ihelr original
condition of completeness or efficiency, either throuch repairs or by

replacenents of property (snythinz less than replacement of a total
tilding). Insluded in this acccunﬁ are salaries of carpenters, painters,
plurbers, electriclang,. groundsieedsrs, and similar pe nnel engaged in
the maintenance of plant, expenditures for the uvkeep of grounds, repair.
of bpulldinzs, and souivnent by rersonnel who are net on the vayroll of
the school district, znd experndiituras for plecs=by-pizce rervizcements of
instructional and noninstructional squipment.

Since the problem of nsw school constructicn is conesrned primarily
wilth the new scheool plant, the maintenance costs can be considered a
function of salexiesz, contracted services, and raplaczerment of sguipacnt,
Salaries, for the most part, can be considered as inﬁreasing a5 the general’
cost of livins increases, and can be exvacted to bte funded from the
general school budget. Contracted services and eguipnment replacement are
variables depsndent on time increasing as the new plant becones older and,
as such, a portlon of the school construction problem. IFurther research
in this areaz may prove useful in order to approach a realistic assessment
of actunl nmaintenance costs of new school plants, However, Tor purposes
of this paver, mainteznance costs will be assumed as shown in Table 5 for
schools constructed in the respective planninz increments. The pattern
represents a2 curvilinear relaticnship between malntenance cost and tirme,
increasing at a greater rate zs tine increases. The cost is expressed as
a percentazs of toral sguare Teet bullt rer planniny increment as a besis

for inc7u510n in the model as z penaliy for construciing a school before
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a neighbtorhood can support that schosl with a ninlmum exrcllment, and

to betbter zssess the problem of school construction within huwdgetary limits.

Table 5

ANTICIPATID SCHCOL VAINTENANCE COSTS
(Expressed as Porvent of Sauare
Foot Built For a 5 Year
Planninzg Increment)

p=1 p=2 p=3 pw i

All Sgheol Tyopes Constriuctsd

Incremeat 1 0.0 0.04 0,08 0.13
All School Tyres Censtructed -
in Ineremunt 2 0.0 0,03 0,10
A11 Sehonl Types Constructed
in Increpent 5 0.0 0,06
&AL) Sehonld Tyoes Congirueted
in Inerenzns & _ : 0.0

3]

Tran=portation Jostes

14

Under the neiszhborhood scheol ancﬁﬁt, it is hypothesized that the
stulents residing in a nelghborhood that is presenitly lacking a school
of k type will be transported by means requiving pubiic funds to a near-
by neighborhood having a sehool of k type, ard furthsr, that this cost
will be reflected in the school budget. As & result the cost of not
Yuilding a schoel in a specifie planning period can he addesd to the modél
as an underlyving trade-off,

Seleceted stiatistles on student transrvortation in the Unlied States

for selected years is presented in Table 61
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Teble 6

STATISTICS ON STULENT TRANSPORTATION

POR SEIEGTED VEARS 1926 = 1¢02

Public Funds Averaze
Students Transtorted Zxpended . Cost Per
Year at Public Lxpense for Transportation Student

1941 = 18472 4,503,081 $ 92,921,805 $20.63
LMY - 10HE 54055,960 129,756,375 25.66

1949 = 1950 6,980,689 204,611,283 29,30
,906,126 308, 704,303 U, 67
419,539,863 36,99
540,168,114 39.46
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gquares™ Degression Analysis to the averaze cost per studeni eolumn
inmdicates the lincar trend in the cest of transporting studanis. The
general equation for the line best reprezenting this trend ls that expressed

by equation (0.0).

(0.0) Tipp = 0495 Xp + 20.67
where: Ti = average transnoriation cost per student within the
bk 145 G
g Unitad Statese.
XT = difference in years between when the students are

t¢ e transported and the base year (1540).
Transportatlion costs within states or regions of the United States

may vary sicnificantly as Be Clenn Featherston and De. P. Culp report in

ﬂ.
il

their hook, "Pupil Transportation®, Tor Anstiance, the number of students

transported in Loulsiana for 1961 = 1962 was 403,097 at a cost of

3

$L9,082, 710,57 The averase cost Ter situdent can te calculated to be
36,76 or 37.30 zreater than the naticnal avera-e for that year. As such,

applying the same nateonadl trernd 4o a particular resion or study area may
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be grossly misieading. However, for purposes of model'applicatian; the
same rate of change as was exhibited in the United States as a whole will
be assumed applicable to the study zrea of Lake Charles,_LOuisiaha. The
equation for approximating anticipated transportation coats fbr the study
area then becomes equation (0.1):

(0.1) Tyg = 0495 X + 27,97

The anticipated transportation costs for the study area and respective
planning inecrsments are chown in Table 7. The cost in terms of square
feet per siudent was determinsd by dividing the anticipated transpertation

costs per student by the antieipated construction ecsts per square foot

shown in Table 2 for each school type,

Table 7
ANTICIPATED TRANSPCRTATION COSTS (Tipk)
JAKE CHARIZS, LOUISIAWA

p = 1 p = A P = 3 p = i

a&erage cost/student/yr. - 5 50447 $ 61.42 $ 65.97 $ 70,72
cost/student/planning

increment 2824353 307.10 329.85 353.60
cost/student/sq. ft./
Planning increment

k=1 20,5 19.5 18.0 17,0

k = Vi 1!1!'05 1305 125).5 1200

k=3 4.5 13.5 13.0 12.0

It is obvious that the cost of not constructing a school will have

a real seifect on the total budeset linitatlons of school construciion when

added to the total cest of constiucticn as a non-construction cost.
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Budget FParameters

The planning solution derived from neighborhood analysis has
indicated that n schools of k type are desirable within a gilven
planning period for a partlenlar study.arsa. Since construction coazts of
schools are increasing every year, a schedule of cosls may be develoved
for any point in time within ths p¢ann¢n period based upon an assumption
of the percentage increase in c¢ost applicable for the study area, and
the assumed relationship hotween cost and tine, e.g. linsar or curvilinear.
Since costs of labor and materials nay vary from region to region, an
analysis of these total cosis would be useful in reducing error in these
cost assumptions.

At any rate, the school systemns planner must determine a sourd
finaneing plan for the new school system. He may assume that the schools
willl be ceonsiructed as the plamner suzgesied, based on anticipated enroll-~
nents, vhich would necessitate the additicn of financial rescurces with=-
out concern for the end total system costs, or {try €0 minimize the total
end costs, still providing for the mininum accevied level of education,

By adopting the latter approach an averase working tudgei may be
developed. An apr :oxlnatzon may be derived by multiplying the number of
n schools of k type required, by the averase construction cost of scheol
type k and svmming over all school types. This relationship is expressed

mathenatically by equation (1.0):

(1.0) > (BT’t )
1.0 B, =1 —_— L By
ta k=1 + o, ink



where 3
B = total averaze budget

n, = muber of schools of type k reoulred, as detocrumined
by the planners neighoorheod anaiysis '

Cppge = DOV school construction cost durins each vlanning
Inerement p for scheol type k in neighborhood i

t = nurber of planning increments in the total planning
Tericd

8 = nunber ¢f school tyves k&, e.z. elsmentary school,
Junler hizh schoel, senior high school, Junior
college,y etc. ;

The total average expenditure or school type k is then expressed by

equation (1.1):

t
(1.1) B =-3- I ¢

The following budgei tarareter iz a function ¢f the assumed expen=-
ditwre patiern for the school syziex.e Since construction eosts continualiy
inerazse with respect to time, and the objective funeilon 1s to nininmize
the total 2ost of the systsn while providing z specified level of
educaiion, it is a safe assumption that grezisr capital cuntlays should
occur at the hezinning of the planning period as opresed o the end of the
planninz pericd in omier to maxe optimal use of the capital anticipaied'
fron the bond issue.

The expenditure patiern adopied for a given study area should reflect
the over-zll awarensss of the number of total rew scheols needed, the
Capital budzet and assessed valuaticn of ihe sindy are and the construe=
tion ecazability of the coniracicrs and bullders who will be inplementing
the school system plan. Thez expenditure pétiern selected for Lake Charies
is that irdicated below for the Four planniny increments in the planning

period., It is expressed as a percent of the total average budget,



E ] RA‘ + =2
(1.2) bp 0,58 B, for p = 1

b
P

= 0,20 B Tor p = 2

ta =

= + =
bp 0.2 Bta forp=3

b = 0,10 B
P

ta for p = 4

b, = total allowable expenditure during planning increment

P21l 2 3y seeyt

The construction constraint per planning pericd can te derived from

the total allowable expenditure per planning. increment and the averags

construction cost durlng that increment. This relationship is expressed

in equation (1.3):

(1.3)

i-!-i"t"'i =

whares

e M)

s pr
X Ly = -
k=1 PS¢ s
o ¢
k=1 PR
s
z Xipk = snuare feet of space to be constructed in

k=l neighbornood 1 = 14 2y 3y wssseii in planning
Increment p = 1, 2, 2, essyt fOor school

tﬂ)e k = l' 2' 3' vnegd

= total nunber of neighborhoods withlin the
study area

Applyine equations (1.0), (2.1), (1.2}, and (1.3) to the Lake Charles

Study Area indicate the cocnstruction constralnts per planning increment

to be that shown in Table 8.
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Tables 3.1, 8.2 and 8.3 represent an adjustment to construction constraints
determined in Table 8 as a résult of neede@ increases due to estimated
maintenance cost and pupil transportaiion costse The adjusted consiruc=
tion constraint values are those which will be utilized as constraints

to the model,.

Table 8.1

ADJUSTED COUSTRUGTICH CONSTRAINT DETERMINATION
PER PLATING IUCERIGNT
EIZ}ENTARY SCE00LS (k=1)

IAKE CHARIZS, IOUISIANA STUDY AREA

p=1 p=2 P=3 | p=1%

Easie Constraint (Table 3) 293,977 | 135,854 81,512 87,927

Increase bassdi on liaintenonos
Cim o s
e S

Costs of ools Constrvetsd

in p=1 39950 1 15,759 314518 1,217
p=2 ) 2,038 64793 | 13,585
pP=3 e —— 1,630 4,891
prb —— ——— e 1,698

Increase baged on'Transporta-
tion Costis 37,823 22,517 11,016 0

Ad justed Construction
Constraint 435,740 | 176,168 | 132,469 | 139,318
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Tatle 8.2

ADJUSTED CONSTRUGTIOY CCLSTPATNT DETERMINATION
PIR PLANCLIG IGCRIMENT
JUNIOR HICH 30500LS (k=2)
LAKE CHARIZS, LOUISIANL STUDY AREA

p=1 p=2 p=3 P=4
Basic Constraint (Table 8) 230,585 795512 b7,707 | 39,756
Increaze Ezsed on Maintenance
Costs of Schools Censtructed
In p=1 : 2,306 9,223 18,448 20,976
P2 ' e 14293 39976 7e 952
p=3 i 951 | 2,862
" —_ ] — - 994
Inerease Based on Tr?:f.gpcm" tion :
Cosis 13,785 .‘ 79369 39475 0
Adjusted Censtruction
Constraint 244,636 974297 The558 | 81,539




Table 8, 3

ADJUSTED GOEITRUCTION ”D:bTRAIfT DETERMINATION |

IJAHT‘: LJJLA M.u), Loyl S.t;l:.h. STUDI A.PWA

Heeran

TER PLAIRIII
SENIUR HIGH SCHOOLS

J I it uJLT’n

-:'3.)

35

D=4

p=1 p=2 p=3
o i

Basic Constraint (Table 8) ;_ 432,378 | 149,096 89,458 The548
Innrease Possd on Paintenance
Coste of Schools La~-t1¢a*
iIn p=1 4y324 17,295 4,590 564209

=3 o — 1,789 Bs367

p=4 —— o —u—— 186
Increase Zased on Transportation
Costs 214766 12,51 64500 e
Ad justed Construction
Constraint La3, 468 | 181,14 139,792 | 151,220
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CThre objective furctiion of the model, as statsd previously, iz to
aindinize cost: Z, where Z equals the total cost of the new school sysiem
coastruntlon supnerted by the lssuance of school honds, slated fn linear

Trogranning format, ihe nodel becomzs that expressed by equation (2.0):

14

r‘\

(2,0) Finloonm: 2 =

where Z = total scost of new school systenm recommended by the school
sysilems plarnsy,

Xip” = squave
) tyTe R

i
Ja sovagi)

Y:lpi' = runter of studenis transcorted Irom nelghborhodd 3 in

Plaxning inersrent v from school type k.

a =t
ipk
Hip' = paintenznce cost of sen
7 plannins inerenent p.
T = trencoortation cost of

tyre ¥k in nelignhborheod

" 2 L
subiect to

= minimm sq. £t. area to be constructed based
N

an
-
C
IF'M‘-E:
i
-
=3

- Ry iplk . , -
1=l ¥ = on the anticirated enrollment at the =nd of

£
the planuing zeriod Io2r each schocl type k.

1

E

(2:141) 2 g 5 ™ cmustrurtiaw constraint determined by Table & for each
N fixs - 5 .
hEAE - I scheol type in ezach p planning increment.

(2.1.2) > nivimum so. THe Zica as determined by enrollment for

"
. s - " 3
crrhoed sehool.
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(2.2.0) Kx, . = anticipated enrollment at the end of plamning lnecrement
P2 one for each neiznborhowd and each school tyve k.
K represents the recivrocal of the averase square root
rer student,

K= 0,0118 for k=1
K= 0,0095 for &t = 2
K= 0,0108 for k = 3
2
(2.2.1) Xz Xy + Yy = anticipated enrollment at the end of planning
: =1 P P increment two.
t ¥
(2.2.2) XK= Xy ¥ ¥iop. = anticivated enrollment at the end of the
p=1 P =B planning pericd. :
)
(2.3) xipk =
(2.4) Yipk >0
Realizty

Of 1ittle concern thus far, has bzen the a2bility of a given siudy
area to 1ssue school bonds. The planner in search of the optimum plan
must assure anyining financial is possible when, in reality, it is not.

The issvance of bénds is dependeni upon the assessed valuztion of the study
area and laws governing the limit of bonded indebtedness of the study area.
The school systeric planner nust be aware of this limit on his financial
resources, ari, a3 2 ninimum, provids a comparison between the optimal
golution daveloped by kne Hodel under the ascured and given conditions,

and th

1]

-
-

(&)

tual asgessed veluation of the raspective study aresa, which 1is
the Tbasls for the lssusnce of schonl bonds. A necessary assumption for

the develotment of the following equations is that the period of time fox
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which ihe ovonds are 10 te issued is egual to the length of the planning
period in nunver of yezrs. With that in mind, the relationship between

bond revenue and assessed valuation ray be expressed as Iin equation (3.0):

(3.0) cj = :*6'6;' Va

= face value of the anticirated bond issue which can be
suprorted Tty the =sconony of the study area.

(o]
el
L]

percent of allzuable indettedness prescribed by law for
a particular study area.

Va = saseassed valuatil
an =

It would be preswintucus to assure that the face valve of a bond
issue rerresents the reverue vhich would be available to finance the
new school system. As nuch ags one third of the issue rmay be required
for the retircment of the bonds and paymeni. of intercsi. This leaves

two thirde of the bond issue availoble for new school construction. The

total school budset (E ) may be aporoximated by equation (3.1):

t

P

(3"1) B.t = : ﬁé’ ) Va

usfro

Given the total averaze budget, obtained from the nodel as the objective
function, thne asszsszed valuation of the siudy area necessary to obtain
the desired level of education (assumed as opiimal by the planner,

comrunity, =zd scheool systems planner) is expressed by equation (3.2):

(3.2) Va = 1.5 By (



b0
The feasitility of +the model solution can thus be ascertained ty com=
paring the actual assessed valuation of the study area with that
reqﬁired o support the proposed school system within the financial
constralints outlined previously in this chapter. It may be necessary
t0o reevaluate the budget constrainis, specii fically, the assumed School
Systen Expenditure Fattern Curve, and zdjust it to a pattern which
wondd result in a lower total average budget. It may be advantageous
to use the actual assessed valuation of the study arsz as the starting
polnt for determining the initial total average budzet (making 3t = Bta)’
ad justing the total averaze expeniiture on each school tyve k, (bk)’ by
proportionate shares., Using Bt a2s the maximum allowable school Tudzet,
and also as therazea under the School System Zxpenditurs Pattern CTurve,
an appropriate curve may be selected to yield a solution within the
allowable 1inits of btunded indebitedness. Thlis approach would have merit
vhen a study area has an obviously substzndard school system, coupled
with a relatively low assessed valuation,

As an alternative to adjusting the budget constraintsyshould the
bond issue be unable to finance the entire planned school system, other
sources of revenue nay be. investigated such as an increase in taxes,
soliciting of endowments, or, the incluszion of schools in Urban Renewal
projects which are partially financed by the Federal Government.

The planngr can not conpronise his solution which provides for the
mirnimum acceptable level of education for the community. The deecisions
concexrning finaneing ultinmately rests with the community. Community
resistance to the school bond issue, higher taxes, etc., may however lead
to the community's compromise of the planning soluiion. This 1s where
salesnanship and politics »lay an *vnortant role,  §5§ public nust ke

inforsod, have an enllrhtenoa avareness of the existing and anticipated
k] 3
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Trotlens, and (‘:‘.}{‘hribi‘t an instilled sommunity pride in a positive d:L:r:ec;-
tion.,  An uninformed or misinformed public can lead to the denlse of
any systen ragiiring comnunlty supporw for financlial success. The
rplanmer has vreasicad the needs bf the community in his Comprehensive
Developnent Flan, The school systems planner has presented his cptimal
solution to the school zystem needs consistent with the Plan and his
Ceplinl EZudze With the Community rests the realization of the goals

ol »

¢f the Ylsn - Zeallfy.
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CHAPTER IV
MODEL APFILICATION

In order to apply the conceptual medel to the Lake Charles Study
Arez; certain assumptions musti necessarily be made. In that the primary
data used was that developed by HNTB, the neighborhood analysis was
assumed to be errrset. The essential iesults of the analysls indicated
that the fellowing variables are equal to zero throughout the planning
period due to the existence of adequate schools tolserve the 1990

anticlpated enrollimants.

T =0 X =0 X3 =
Lopp = 0 xépE =0 Yoy =
Kopp = ° fpe =0 Xop3 =
Xyop1 = © Xype = 0 Qpy
Ryppy = © Xspo =0 Xepy @
Xippy = O Xgp2 ™= O Xe3 =
Xy3p1 = O Xpp =0

Xygpr = 0 Xgpz = O *13p3 =
Xysp1 = 0 Xgpz = 0 Xyups =
Xi6p1 = © *10p2 = © 1593 ~
Xigpr = 0 Xyope = O X293 =
X18p1 = © X19p2 = © Xoupy =



Xyopy = © Xoopz ™ © Xospy = 0
Xa0p1 = © Loape = O Xo6p3 = ©
X2ep ™ © Yo3pe = 0 L
Xygp1 ™ O Xopz = 0

Xoupy = © Xasp2 = O ‘

Kosp1 = © Xogpz = ©

Xa6p1 = © Xogpz = ©

X30p1 = © X41p2 ™ 0

Xapp1 = 0 X3ope = O

*33p1 = O T33m2 =

X3upr ™ O X3upe = ©

agp1 7 © g = O

Model Restatensnt

The model, as applied to the Lake Chorlez Study Area, is expressed

as equation (3.0)

38 4 3
(3.0)  Mins Z=IL = & . (G, +M _ )X _, +7T, .Y
i=1 p=1. k=1 ipk ipk/“ipk ipk~ipk

subject to:

(a) Avea Constraints illustrated in tabular form in
Tables 9.1, 9.2, and 9.3.

(b) Enrollment Constraints, Maintenance and Transportation
constraints, and Minimum Construction Constraints illus=-
trated in talular form by planning increment in Tables
0.1 ly 10.32y 10ede3y 10241y 104225 10.2435 10431y
10,3.25 10.3.3, 10.4,1, 10,4,2, and 10.4.3.
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Table 9.3 (eontinued)

Planning Increment 3
Xipk

lanning Increment 2
Xy pk '

£ead
£ELE
£LOL |
LESE
EEnE
4999
£eee
et
(2919
£csz
£eaz
£eze
LETZ
CLaT
£CoT
A4
£eatT
£eoe
£eeT
£E0T
£E60
£€00
LL0

£28e
£zie
£29¢
£eGe
gt
£zee
et
(AR
£zot
£zb2
£zgz
£zez
AR
26T
€eaT
£24T
£29T
£202
€22t
€201
£260
£280
£z40
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Table 10,1,3 (continuad)

Value

Sian

458,468
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e
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432,378




Table 10,2.1

PLANNING INCREMENT 2

school type k=1

i2l

b

%11

aisls
TZlE
1256
IYARS
1262
AT
1242
112
T260
1280

TE90

1480
TzCo
1220

Row
Name

1
.

1111111111111

=

E05
BO6
BO7
EO8
T09
B10
Bll
Bl1z2
Bi3
Bl
B15
B16
517

EO4

11

rd

$ELLAE EEALT

-

m0h

G.OLE"

= 3,0118
1G.5
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Table 10.2.2

i

tiyne

school

PILANNING ILCR

X402

X410

278E
el

PSS
ZZ0L
2e6e
PAARY
A A
28T
ol
2591
24T
ZZL
rAANN
22Tt

el
Lot

oL ‘J ,
AR
rAelS
62
rARSrA
rANA
FARSEN
STLT
FARSAN
ALK
FAN LY
ZILT
ZITT

Row
Nane

1131113111111111

E2D
23
h2h
7
B23
RB29
B30
B31

DL

oy
522
I
BZ5 .
r25
E05

4

0.0k

= 0,0095
.5
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Table 10,2,3 (continued)
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X
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Table 10.2.3 (continued)

Yi23

Value

£zat
AN
€298
€258
S reS
£2ee
£Ize
€T
€208
€262
£282
€222
£2re
26T
£201
€T
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w0z
S
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£260
£2580
£240
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181,140
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Table 10.7.3 (continued)
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Table 10.4.1 {continued)
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Table 10.4.3 (continued)
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Model Application

The model was first run on the IBM 360 computer without the
eonstraints enumeratsd as row name EQL thra E12 in Tables 10.1.1 thru
10.4.3, The results wore somewhat as expected in that essentially the
computer indicated that every school should be bullt whenever money was
avallable. In essence, the cost of transporting pupils far exceeds its
trade~off factor of malntenance cost == thus the ;ntire projected school
system should be built during the first planning period. If this were
possible, the school board would be operating at its minimal schoel budget
level since all costs (construction, maintenance, and transportaticn) are
inereasing at varying rates from the first planning increment to the last
planning increment., Obviously, this is not a feasible solution to tie
prodlenm,

As such, the constraints enumgrated in row names EOL ihru E12 were
developed to place a limi%t cn construction wltihin each planning increment.
Theze constraints also resuiied in an infeasible solutlion siatement by
the computer program. It is hypothesized thatl the range of feasibllity
was severely limited by these row constraints. Thus succeeding runs were
made wlth increased limits to these specifle rows, Thls, however, did
not yleld a feasible solution either. Thus an investigation was made
of the ejqualliies and insgqualitles within the formulatlon of the constraints
ard no ratliorals zould be developed for changing the formulation. The
Area consiralints developed should bs an equality, and the enrollment
constraints sre based on projections and as such should be either a
minimum or s equallty in the sense that as a minimization problem, the
lowest cost would be assoclated with the minimum enrollment. The Construec=
tion constraints per planning increment (Rows EOL thru E12) are, in

essence, an squallty based upon how the schocl board would like to



balance out total éonstrucilon per school type per planning increment.,
This leaves only the initial construction constraints enumerated by

Rows AQL thru A03, BOL thru BO3, C{)l‘ thru CO03 and DOL thru LC3 in

Tables 10.1.1 4thru 10.4.73 as suspect, These constraints offer basically
the only trade-offs in the models Transportation Costs vs Malntenance

Coet plus Conztruction Cosis.
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CHAPIER V
CONCLUSION

Model Analysis

In trxriog to éscertain the problems relating  to the development
of thlz paper, it is necessary to review the various assumptions made
fu the initial model formulation. In the openlng statements ¢f
Chapter T1T, & statement was made indicating that school censtruction is
solely dependent on when the neighborheod, community, or school district
conld connowically support that schoel with a minimum enroliment. This
steicaent formsd the basls for one constraint formulation (minimum
enrollmerts) which may be in error. School Construction is not solely
depondent on enrxollment. There, obviously, must te a plan which will
balance out envollment in the various neighborheeds with an optimal end
rlan, whish way never occur dus to the inability of the school boards
to contrel zil development within thelr district. Thls is not to say
that they should be able to control developrment, but that they offer

ervices o ab unknown and changing populaticon over which they have no

%

control.e As such, another constraint with which the schosl board must
contend, is the economlc necessity of obtaining bond approval through
ths genexal electlon framework before being able io lssue Tbonds or even
Plan for new school construction.

Another likely source of problems is in the determination of
raintenance costs. A review of the Wichlta/Sedgewick County School District.
Budget for the years 1966 to 1971 has irdicated that the budget for the

maintenance of thelir school planis varied drastically from year to year,
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and in a sporadic manner such that no trend could be determined. It is
hypothesized that of all the cests of running a school plant, méintenance
costs would be most easily cut should it be necessary to work within a
fixed tudzet predetermined by the munieipality. In essence, maintenance
costs may not be the mest appropriate indicator to balsnce asainst
Transportation Costs.

A comparison of Maintenance Cost per student (estimated in a linear
fashlion disregardinz the major fiuctuations cited previously) and
transportation costs per student indicates that the differences are so
great as to preclude their use in the nanner used zs balancing constraints.
The high cost of transportinzg students would indicate, in the long run,
ﬁhat school constructlon should be immediate to serve the existinsg and
future population, rather than spend the financiai rescurces on bussing
and then be short of the financial resources to build the school later.

The concept of linear programning as applied to capital budzeting
anl school censivuctilon has a great deal of merit in that the parameters
are based on real numbers and can thus be eveluated, A reasonable
approxiication for use by planners in locating schools is +o establish an
equal or nzarly equal financial school construction phasing schedule,
based on community need for the school, and limits of bonded indebtedness.
School enroliments, construction costs, city valuations, ete. can ke
sorroetiy obtained and projected from existing data saurces.._ﬁnce
completed, It remalns a relatively minor task to assign schools on a
financial btasis coupled with development standards, rather than nerely
on a standard set forth for the entire country.

In assessing the utility of the model to the planner, one should

recall the number of normative judszements a plannery rust LRXe. ANy
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such model which will aceelarate the'plaﬂning process ultimately frees
the planner tc concentrate on other aspecis of the obﬁoctive comprehensive
plan, The model, as desighed, requires work beyond the capability of
the author and should te regarded as conceptual in lis entirety. Con-
ceptuallf, it should allocate schools to a swecific nsizhbtorhood or district.
The judzemant of precisely where within that neighborhood or district
stilll belonzs to ihe planner.

The utility of ihe model for school zdminlstrators and hudget officials
lies not in the model; itself, but in the objective plan developed by
the planner., The planning for schocls based on knowledge that it ecan
be funded, rather than on the tasis of a gengral standar»d applied to a
glven school system, adds 2 touch of rezlism to an oitherwise uioplan
situation.

Unfortunatsly, many leglslators and gnvern.ent officials icok on
planning as an "idealistic state" because of lack of realism in its scope
and context, Fasier Flans and ity Flans are being completed all over the
worlde~-plans which are making good additions to overflowinzg bookshelves
because of the unrealistic adaption of “standards" and lack of finzncial
backing to implement the tasic plan.

. The technique as set forth on these pages, hopefully, will create a
cost awarensss in evalustins, at least, one of the many variables which,

together, forn the Tasis of laster Flanning today and tomorrow.



83

FOOTHOTES

lMetropolitaﬁ Dade County Planning Advisory Board and the
Metropolitan Dade County rlemning Denartment, Frelininsry land Use
Plan ard Foli g ﬁsvé;ﬁrﬂent, nrepared for the Zoard of County

Letrepoiitan Lade sounty (Miami: 1961).

2 . i :

F. Stuart Chanin, Jr. "A Fedel For Simulating Residential
Development," Journal of +he Anerican Institute of Plamners,
XXXI (May, 1965), 121, -

3‘. Stuart Chapnin, Jr. Urban Iond Uses Planninz, 2nd ed.
Urbanas:  University of Illinols rFresszs, 1705 Pe 473

lrit on Harris, "A Gloss On Lacklustre Terms," Journal of the
.

Amerlean Instituts of :12:&:?3, XTI (iay, 1995), PDe J4-95,

T

SJe“se Burlthead, "The Capital Budzet,” Coverwuiont Budgeting.
John diley and QOHS, lnC¢' ?55- Do lQZo

6Jesse Burkhead, Sts_-l:e and Loeal °
Syracuse University Fress, 1903, P iJ)-iC4.

Futlic mducation,

"Tbid.

BChap;n, Urtan Land Use Flanning, loc. cit.

, 9W31ter Ge. Hansen, "How Acce551b11**? Shapzs land Use,"
Journal i Thae Amewican Ingtitute of Plonners, (Hay, 1959).

10 - - . .
‘hawin, Urban Land Use Plsanninz, op. cite, P. 479.

11Tu R. Lalshnanan and llarmaret E. Fry, "An Approach to the

Analysis of Tntraurban “ou;ticn,‘ a parer presented at the annual
meetings of the Southeastiern S=ction, Hegional Science Association,

Novenmber, 1963,

12 . . . o “t
T. R. Lakshmanan and Yalter G. Hancen. "A Retall Market Potential
o

Model," Journal of Tha Ap-

of Florners, XXXI (iay, 1965),

~1oan Ingtitnto

. Hamburz. "An Crpportunity-
flexional Growth," Journal of
AKKI. ihly, 1,qu| Ppl &j—lojn




1

Donald M. Hill, "A Growih Allocatilon Model for the Poston
Region,™ .c 1 of Tho Amoriean Inatiinte of Flonners, XXI, (iay,
1965), ppe Lil-1.0.

15 .- - g
“Ira S. Lowry, A licdel of Fotvonolis, (The Rand Corroration
Rand Research lenoranaum it.=#.35=nl, Augusty LY6H ).

15

Wilbur A, Stagery "The Pittsburch Urban Renewal Simulation
Model," Journal of The Anarican Inatitute of Flonners, XAXI, (Hay, 1965),

PP. 144-1LG,

1 ; . " " ;
?John D, Herbert and Benijamin H. Stevens, "A tlcdel for the
Distribution of Residential activiiy in Urbtan Areas,"” Journal of

Reglonal Jcience, Fall, 1500,

180hapin, A lodel, on. cit., pp. 120-125,

B, %olfe, and Robert L. Farringer,
al Programning," Jourral of The
5, AiI, (Hay, 1965) Dpe Lc5-133.

1 .
9Ira. tie RObinson, Harr
A Simulation Indel for Renev
American Irn~<ituts of Fionnae:

)
&~ - T e 1 )
Kenneth J. Schlager, VA Report on oaols ths Southeastern
Wisconsin lgzional Fizmniny Commizsion," . 27 the Tronge
portatlion Plomsivng (doameiay Senosnm Soebanea Seern, 8l ey ol 2y

- ]
Washington: S1venl of subiic ACause (Uctocer 15, 19583 ).

ZIW. We Ieontief, "Input - Cutput Economics,” Sclentific Amexican,
Vol. 185, (1951).

ZzBenjamin Hle BStevens, "A Heview of the Literature on Linsar
Methods and iodels for Spatial Analvsis", Jovrnal of The Ameriecan
Institnte of Flonners, XIVI, (February, 1960) Dpe 2353=257.

=
jh"ltﬁr Izard, "Interresional Linear Prosramminc: An Dlementary

Presentation ard a General i.odel," Journal of Zexional Seisnece, I,

1 (Summer, 1953), pp. 1=-59.

24 A _ . .
Kenneth J. Schlzazer, "A Land Use Flan FHodel," Jcurnal of The

American Institute of XI (ay, 1965), pp. 103-11l.

“Snaﬂll C“”twidl. Cmative Plonninze of Ddngational F:cil:ties.
Rand Meially & Conpany, Chicagmo, tilinois, 1v DPDe 35U=334,



Ly ]
“ézhid. p. 174

Lo -

27Ibid, p. 226

28E. Glenn 7eatherston and D. P. Culp, -"Pupil Transportation®

Harper & Row, Hew York, Evanston and Lendon, 1965.

#10d. 1. 6

85



86

REFERENCES

Socks

Eurkhead, Jesse. Sircie ard Iocal Taxes for Public Tducation.
Syracuse Universiiye 1063

s "The Capital Fudget," Government Budsetine, John Wiley & Sons,

Inﬁq + _l_("i:’:r_).

Castaidl, Educational Faclilities. Chicago:
Hand

Chapia, F. Stward, Jr., Urkin Tood 2rnd ed. Urbana:
Undversity of I1llinols fress,  J

Peathiersen, Z. Glenn, and D. P, Culp, Fupil Transvortation. New York:
Harter % RO, 1.9!5:'5.

C'rga.;'v,m ’ ’.L,J.L re New Yorks

Toter

clation, Frinuinlasg
runieipal

i)
Fals

[fdsednntion 45

Hoalonal Helenca. Wiley 4 3003, i0C., «eW Yorks

T A 22

.-.‘;J'.)Ga

Ievy Dorala J‘ ities, New York: Center for

Appllsd Lezear DOy 1iiCee 1%G5e

Lowry, Ira 8. "‘cv«-ﬂr\ Vodels of Urton Develomments A Sirustural
Comparison," Ux 230 ‘Pt l“weL« ““,ﬁ&y R%%earcn poard:
Special Repor '

Frentice~Hall, Inc.y

MacConnell, James D.
e

Ko o™ et @
_Tthe Analveis of

rre nu.i.cm_‘l...!..i.’ 4..‘“0., :L‘/.)'ﬂ-a




87
Reports

¥etropolitan Dzide County Plannins Advisory Board and the Metropolitan

Dade County Fianning Lepartiment, rrelisinowy f-nmd Uza Plan and
2 ¥ Pt e - -7 - - T =y e
Policies 0w Dovroinprant, nrepered Ior the soard oI uouniy

Commissioners, :europolitan Dade Coun t kulanl‘ ;yoi}.

Howard, Need’es, Tammen & Berre acff, rﬂ"wla on ann Eeonomv, Ialke
Charles Listrors’

dry recpnicad Study Hoe le

Kansas Cizty

e

i |

y Vetmomalidon Plong Tola fhorleg Motreroliitan Aren Tronspor-
taticn Juvvovs, Lseanicel ostudy Loe 2. Kanzas Uity, saissourie
Decenmber, Ll uo.
Tin~neizl Toesouraes, I-ta Ohawisg Mat—oroliton Arca Tronaopor-
B t oy R % = ——y e T ¢ -

tatlon 5wy, ‘lechndiead Siudy loe 3¢ Kansas Uity, lLissouxis

February, —507.

Kansas City, liissouri School Distriet. School Tzets: Annual Renort

of the 5urérlnrfnzent of Schools, HePort nice LY. oJune, iSco.




a8

San Develwm nt == Tha Denver
+ 5¢ ‘Urban Land Institute,

Barna:d, Eow* T

hapin, ¥. 3tus

Journol of tha amepis

iiodal for Sisulating Residential Development,"
Insritite of Flammers, AXXI (ilay, 1965).

JP”

"Iolzectad Theories oﬁ Urchn Growth and HtrLCuureq' Jounrnal
vipan Insdiinio of &l-mmowe, 8.4 (February, 1% 04), Jl-jq

inzar Proszramming,” Scientific
1-23 '

. "L
2 ~ e

Yy
s
g
i)

Hangen, Valter G. "How Accessibility Shaves Lard Use," Journal of
SO N '

¥
3 Ay oS T e ey
Areriecsn Inzstituts of FPlann:

LV (ay, 1959}

curnal of the Ame--icon

e

Harrlis, Zritton, ™A Gloss on Lacklustre Texms," J
Trstituts of Tlanwers, XKI (Hay, 1963), $4-95.

Heroert, John Te and Zenjamin H. Stevens. "A iodel for the Distritution.
of Resldevvial Antivity in Urban Areas," Journsl of Pemional Selsnse,
{(Fall, 15200,

HiLYe Gorald

Allecaticn llodel for thn

Inemtismts o Fomnrara :
Ena e SO S e

ey

Tsand,y Valior. "iIntsrresicnal Lirsar Frogroonin- Llementasy

L’T‘t‘ [SECT AR

Salange,

:m:ﬁmmm:WEwWﬁ the

Lacis! Mo T Ta ard Maresret . Fov. "An ADproach to the Analysis of
Wl Fehudc ma : o
, 1563).

Fotantial
T (ay, 1965),

. o , i o amle

d:ﬂblrﬁ. "An Dpnortunity=-icouessivility
3 1k Ay - st - !

GIONTh, “ozaﬁ:L o the american

b

{ﬁayg 145); 95103,

" 3 T P
Inztiture of

. 3 o 17 I
Pravipan, Vol, L85,

Ieentiar, Y, ¥, "Input-Outpul Zceononies,® Selontifin-
{1951),

Litenfisid, Nathonizl, fii Analysis in City Planning,™

) _— wevprrem  foas . s Ay
somenal of the of Flormers, XXVI (Hovenber, 1960,
oty iy
ST

Tzdel) of Yetromolis,™ The Rand Coxvoration, Aand Research

Lowry, Ira 2, YA 3
A=y {Auzust, 1ucd).

Hamory

TELN phlem



89
Articles (cont.)
Melaughlin, James F.  "Apnlication of Linear Programmling {to Urban Planning®

(Thesis Abstract and biblicrraphy) Couneil of Flanning Llurarzans.
Exchange Eiblicgweorphy 45, {(april, 1% ). '

Robinson, Ira. ll.e Hocyy B, Wolfe, and Rodert L. Barrinzer. YA
Simalaticn ilodel Fow fenewal Programming,” Journal of the American
Institvte of Plonreys, XXXT (Hay, lML)), 126=~137,

Schlager, Henneth J. A Land Use Plan liodel," Journal of the American
Institute of Flanners, XU (lay, 965). 103-111,

» "A Heport on Hoaolu of ths Couiheastern Wisconsin Reglonal
Planning Comnizsicon," suslatter of the lronsnortation Flonnine
Computex Frormaw liohancs oouny YOle 1y 40. 2y Washingion:  Ue S
Bureau of rublic iozds, (uUctooer, 1963). '

Spivey, V. Allen, *“Linear FProgranming," Sgicnce, Vol. 135, No. 3497
(Janvary, 1962}, 23-27,

Steger, Vilktur A, "The Pittsburgh Urtan Renewal Sirulation Iodel,“
Journal of the American Instituie of Plamners, XXXI (May, 1965),

14b=149,

Stevens, RBenjamin H., "& Revies
Models Tor cﬁa*:a' Analyrsis

of the Literature on Linear Yethods axnd
. e
Planners, XXVI (February, Juh&). L5525

Ths Anericen losedeoave of

i .p b
3
3
<



90

Other Sources

Kansas City, [‘isscuri Bozrd of Lducatlon. Personal Interview with
G. Dewey Snith, itusiness mnanagers Uctober 20, 1%co.

Wyandotte County School District, Hensas CGity, Kansas. Perscnal
Interview with H. L. Erothersony business ianager. lovember 3, 1966.



91

*SQT}TSUSP 08BIaA® JO0F (00'S PuE
000 *C usenjleq uorierndod isoTiepinoq TERFOTITILE I0 TeIM}EBU I3ylo Io *S389119
£xepuoses Io xcfew Lq pspunog LiTensn ‘Tooyos ATreiusulte auo Lq PpeAxes eaIe uy pooutoquiteny 1
SHOLIINIIEQ °*II

0fE 08¢ 0f1'#
8°'3 0£'0 €9 720 £°z 0T*0 (69 a2ac) paxryayg
Z'9% : TE'T 0'64 60'e T dd Aol @5y VUupToy
L4 91'0 0°S 610 2'C £2°0 TooUdS YUTH Iojrig
0°G 4170 £°s 0Z°0 LG 6z*o To0Y2S Uit np
0°'2T 40 €T 2560 g6t €80 Tooyag Axwjusuniyg
12 0’0 h*e 600 € 810 usp eI Uty
il 4 8€°0 E%E A 041 GL*O TooUdg-axg
*dog te3ol 1TUn fUTTLoAQ *dog Tejol 3Twn SuriTerd  dog I=I0l ATUun Pugiieng dnoxs afy

I23J *oN Jo jusdxsg Aad °*ON Je duediagy Iz *0f

»x90TH9Y ueitrodoiral fyzunuuc) Tetiucprssy (Puguuregd STOOUDES X04)

e U UOTINqTLISTa PAYSTTARIST U UOTINQTIYSTI xSUOTSTATPANG TRIFLGPISay
. nsy Ui uUoTINgIILSTa

tuordeTndoy IO UOTIUATILST( #5V *°Z
*SuTTIeND
Iad suosaed geg sButuue(d SOTTTTORY puB S20TAINs op[qnd pue osn puey Jo sesodind Iog {q)
*37un 3uprrenp Ted suosyed 40 1SBupuuerd sTooyds Jo sesodind Iog Amv
. toz s Artueg elninay °[
SHOL.ANNSSY  °X

TO6T £ey
S3N}TISUL puwy weqIn
qusudo(aAsq weqa) Moy IoJ Sprepuelq opseqd

V XIiauaddy



92

UOTFRWIGIUT medaIng SnsSue) *g *[] U0 PsSeq So1EUTISHix
Ttoune) £Pm1s Tooydg upelunol L300y Aq porrddns uojiewIOJUT UO PISeq S5}RUTISHk

0'z strdnd ooT Tod T 4 G UOTTBUTAqUO) MIBI~USTH I0TURS
0°'z strdnd o1 Iod T + Of UOTIRUTQUO) JIEI~17T:] JoTunp
0%t sptdnd QT Txod T + QT UOTFEN] 0D
WETeJ-YSTH XOTusT~"{ETH JToTung
0'1T strdnd 00T Zod T + 02 U0T13U
HIe-USTH JoTunp ATmyrs
G0 sptdnd gor 22d T + @ UOTFRUTAUO) WIng Lamimoiaf
o'z syrdud goT Xod T + 67 UQTFEIT 100
YETH JoTUasS-utTi Aofinp
O%F sttdnd ot xad T + ST UOTFTUT1I0D
Yy Jopunp-£r i usuaTy
0°¢ stidnd gt aed T + 42 005°z 005"'T 006 USTY JoTung
0°T strdnd 0T =ad T + ST 005t 0061 054 FTH Togunp
G*0 stpdnd ooT Xed T + & 006 004 0€2 Lazyucuory
(sarTw) (saxom) (sTrdnd) {stydnd)  (sTidnd) .
PaATILg EBaly 9718 &3S 9Z18 %S 8%Z18 odf] Tooyas
Jo snipey Unugxe ) TeePL UNUEUTE

ruotreTndod eXow Jo GOQYG/  1SSTITUAMUOD oJoWl Io oMY JO BAIR Uy nOAMmM\»oﬂhwmﬂm o
*000 %0t pue oo&.om usany aq uotyeindod {saprepunoq Spel-USl G TeIn}eu xoleu £q



93

003 06 H=00% atun g g xaod T ucT1eones
Teo1sfyd IcI s8eiogys
00gh coge-o0he SIeyogal
&1 dad 17un 8Sn suil-~Ting I UCTIEBONPS TUOTSAYg
009 008-003 a3e18
*gxaUTES] GT uei: JoMD] ButAry
STecU2s Ul wool svodind-T3Iny  *0
*8I50es} Tr-4T Iuiamy STocyos
Ul SepIojofed URTHM poulquo]n  °q
JuautToxua ¢ps  sh3poedep
voeTasd Iad 'SIaU0RO) TP UBIY SIom G3TM
00372 17 *bs g SToOY9S IoJ 3jun ojrardss T °e unTIC}Lpny
00g 007~05T wooisse[o dod T UooISSETD
) Tetoads Zol =Cuic)g
¢002 00TT-C00T GT=-I1 poposu se (Po3F1d frepielax)
silooasuero feresid
CoLz C0%~00% 0T~9 sisyoeat ¢ Jad T :
0001 00QT~C06 SIayowe} JIenvJ Io (T asd T
002LZ 000T-006 6z stidnd Gz Jod T
009 05{-00% wool Aed T 2 OE DTEM
SFLCHLOPUTH
0022 00ET-COTT 02 sTdnd gz xad T SFICEIBPUTH
*2F *bs ut *1I *bs ug 9ZTS €582 papas Iequniy s0rdS Jo 244
9uTg esie 18U TeuIoy
orqe3doooy P35 adng

WLTUTY

qoomum»m4mmpuggmq4onazm>zou
¥ NI €50VdS JC SEZIS (MY ‘HEdWaN *SEdAL

fa R T



94

006 055-005
000T 009-006
008 0656-004
00T 0ST-00T
05z 00E~052
(o]eF 062-002
06T Tsutp xed g*Q
0%¢€ Teau Jod w
0501 Teeu xad 2T

ptfz  Jeuyp xad gI~QT

Tooyos Jad T

wum£0dmw
IsMsI I0 GT IOoF Tooyss Jad T

Toouos Jad T
sIsyoesy
T2~0T ueony}ed SToOUSS I0F T
footos Jad T
sIsiora] IoMAT 0 Tz Ied T
eale Jutuip Iod Z
S Bururp errejeyeo Iod T
Suturp elroqeIed Jad T
TieY L1quasse
pue voiywonpe TeoTsiud
UITH OSTR PoUTqEoo
foTooyos ZoTTmuS Jod 9
sIoyoeal
TZ-5T JO STCOUDS ut
URTIOTTPNE UITA psupquod °q
AUSU{poTus PITY} suo Jo
L31oedes SutAry 3Tun QU0 e

doysiIcn

~99T1J0 TETL0IST)

alunoT

PUE WCOIIINN SIIDEI,

@}Ins YITesy

JASTO TRUOTITREE
HISTO-20TIJO L2300
80TFro s,Tudioutay
BOIR BUTAISS (4)
adeIols pood (L)
ueqolty (2)

Sututa (1)
vrIslagen

*1F *bs ut *13 °bs ug
8L Tg EDIE 79U
sTqe1dadoy  pejsefzng

Wmnuug

9ZYS SSEBTO
TEWION

Papaay Jaquny

ageds Jo edL]




95

OnTES {*3d *B3) TZIS TOOHDS XMVINTHMIIE FIGVIJEDDY MNWINTY IVIOL
05T 002~-0GT Tooyos zad T IoYEIHUTOIUT
. —-=SWo0X ZUTATaU0Y
09T 0GT=08 J00fF Jo/pue Jutn Tad T SUe0T
-8RI Juau 2l2i0ls yeod
095 Tidnd Iad T-g°Q Tooyes Iod 7z Jo0 STUTAO}EN TRUOTIONIS
=UT JO 8Zvl0)5 [oaius)
00€ 05€-00€ Tooyos xed T Jusy
~dtnla TeuoTIonIjsuy
ue quoudinbe evuvus
=UTBL JI00PIN0 70 8LTI018
*11 *bz uy "I B2 ug 9ZS SSETo Peposa) Iequny oordg Jo adL]
8ZT8 BOIR 40U TEuION
a1getdedoy pel1sassdng

UNUTUTY




96

00% 0ot 00%-00% 0T-9 £reIqTT OtSNY
002 081 00Z~06T 20TJIQ
Cob 004 006~004 919 Lxosy,
) 0§ GL-05 2-T UOOX 80TIOVLY
00T Gl 00T-54 =1 w00l e9130TIg
A 00T _ GZI-00T 9~T UOOL |ITIOVIAJ
00KT 00T S3IUTqED GOHT~002T SOTIBA rebdelsty
00€ 052 00E-052 eFelo}g *1s5ul
0oHT 002t s1sulqed COKT-002T SaIej) BIISEYOIO-THE]
oIsnd *a
CLTT 0401 GL-08 O0TT~000T A sTo0q
- GloT 066 GL~0G 0C0T=006 42 Suryrery
00G oot 005-001 8-t ogodand-13 T
GAST 0STT Gd-05 0051~001T %2 TeISUSD
. ONIHY T 9
066 0.8 0h-02 056-048 19 sSutd
c68 04 oh=02 onmaoum G2 a0t13ovad 2o01]
063 0l 04-02 055-054 62 szMgJﬁz 8901}
, NOTLYONCH IVIDEs ‘q
GZGT GLeT §2Z-GLT 00£T~0CTT Gz aphﬂno pue s
057 002t 0$T=00T 00TT~000T Gz 3Ie TRIE
'y
SFOVAS TYNOLLOAUISNI dHZITVID
*13 *bs ug *3¥ *bs ug *1J *bs ug *33 *bs uy Skads eoedg Jo sedfl
SZTS8 Tooyos mﬁ.ww Hoozuﬂ Uy ..HOQ.m mu‘m&”m mw.m.m__u
YLty I0TUes ysTH Iotfunp yusorlpe yoeq UnMuEXe
a1qerdsaooe oTqe1davoe Jo wexy Jo Baxy Po1ssaing
UNETUTY pelsesing po1s wmnnn

WOUTHTY

STO0HDS XUHVAINORS TYNOLLNEANOD
NI SEOVAS J0 SEZIS ONV *HEEHNN *SEJAL



97

0002 0591 002-061 008T~004T 02 spoon Teasus)
0022 048t 002-05T 000Z-004T 02 sTeleu TeIous
006 GOS8 . 006-603 A Surnexq TEOTUERYOS]
0022 0651 002~05T 0002~-005T 0z doyg Tereusy
_ (TeUOT}BOCA-TO]])
31y [efIIsnpul  °I
ROTIVONAE TVINISAMIT
001 09 00T~09 LCOTTE(Q
00€ 00Z 005002 wooy SULHOIY
0071 006 002Z~G4T 0COT~006 ¢z soTsduyg
050t 058 0GT-52T 006~048 ]9 90UV TRIuUED
COZT 006 00Z~54T 0COT~006 G2 Lzystwan)
QLoT 059 GAT-05T 006=058 % AFototg
SEONTIOS TYRISCAHd
000T 008 C00T-003 Aq307
00LE 062€ 00E~0542 000H~000E ot cufy STITH "TIS
WCoX wen]
sufd yo wexw Tv}iol ¥ 0°L SUOOT I9Y0OT pUe SIavyg
05€L 062¢ 0%} 4*0 *xoxdde &3 prnoys T19TT0L
seole @say} Jo [ejo} Syl $91IJO UdEo)
UWOOT S8ATIVOIIO)
05€4 0GE~052 0004~0095 (suorjers
Sugyoroy ony) umyoeuuly
00dY 00H~-00E 00fh~00LE (£Tuo *§H*g J0J uorie}s
utyorey suo) umsounly
HOTILVDNUA IVDISIHA
*11 *bs ug *11 *bs ug "33 *Ls ug *13 *bs utg 9ZTg sordg Jo sadfl
8z 1S To0i0s 3715 TOOLDS wml *Io3}8 anedg SSETD
Uhty Iotjueg yoiy Iotunp Juoorl pe Yo UnETXe)
apqeidende s1qejdeove Jo ®aIy Jo woxy polsafdng
WOUTUTH WNUTUTH peigelling poysoEang

(penutjuod) 5 XICNZEIAV



98

00TT G CoT~54 000T~006 0¢ *QET SOrpnls 2008
00TT CLE 00T~54 0C0T-00 ot *qel S3ae 2Fealue]
G701 0%6 SZT-00T 006-058 6z *qBT SOTjeULRey
_ SAOVAS CHZIIVIONIS HEHIO ‘H
006 oG 0060524 ageIo1s [EIsuan
00z oHT 00Z~0HT WOOIUSEH Tue SIatoysg
00l 009 §}51T0]
0022 07391 002~09T 0002-005T 8T doys Eut:Ionpooy
000% 008T 0007~008T TE1eu 385Yg
0012 094T 00T~09 0002-004T 8T doys Sutjutag
0%h 00h 0GH~00h WooX SUTULRTd
o 009T GEZT-00T 0002-004T 81 doys cutioey
003 004 con-004 8T JupneIp [EoTULYIE]]
GZ6T _ 009T ZI-001 0CUT~C0ST 8T dots TeoTIP00TH
pozE 0%z C0Z~0ST 000L~0092 et doys sapjouainy
GLLT GZeT TR A 009T~002T 8T BTN [ASTIE
: ﬂo.n.ur.moﬂﬁm .H.m:D.mudeO_) oHH
cogt 052 00L~052 gords oJciols Triouan
00¢ 00T 00£~00T WoOoX ZUTyITuLg
0S5t 001 05 4~00t woed Lutuunly
Q0CT QSTT 002~0ST COTTI~000T 02 sjxe otudoIip
003T 005T 002-05T CO9T~00HT 02 doys pooj
conz 0G4T 00Z=0ST 00Z2-009T 02 doys T33!
0012 0%4T 002-061 0022-009T . 02 SOTURDD]] x210d
SET 0C0T 06 T-00T 002T=006 02 doys TEOTI}OOTH

*3u0d SNOTILVONGE TVILISAMII 9

*33 "bBs ug *1F *bs uy 4T «B= Uy *1J *bs ug 0273 soudg Jo sad{y,
9ZTS TOOUDS 9ZIS TooUoS sy *2013 . aoedg SSETD
USTH ZoTusg ystyq Iotunp Juaoelpe uoesq BN X.L

aTqe1dsoo® a1qel1desoe Jo eaay Jo coiy Telseleng

UMUTUTH WNWTUTH pasesong najsading

(ponuiiuoo) P XIANTIIV



99

0%z GLT 02=~54T goeds efzT0%
008T 002T Col-08T (s)woox soueisIuo)
002 04T 00Z=05T woox Bupssaooad :joog
0ST T 05T~62 ITII0
00%¢ 008T CORT~00TT SlL=0h nooX SuTEIeos
J : EYSITT "D
GOt 062 00L-052 soeds 8-1Icis
04z onz 05002 WOOX MaTAaId -~ WOOL HIon
_ VARSI A-01 g
00 0%z 005-062 aoadg o
OG0T 009 SIELTOY
0002 005T 000Z=006T
00€ 002 005002 ilelebd
0002T 042% Ttdnd asd
. "I bz g-j gorde
Qoze Q08T 0022-008T
E t.q
SADVAS TVNOIINMAMLENT ZuvVIiD IANS
o3 oh-02 003-054 0f T
000T 00T=54 00£=058 ot WATRS TS
054 046T =02 004-059 6z mEOOHJtho TT=us
006 : Oh=02 005044 (4] 4 SUQOISERLD WATPE]
000T Ot-0Z 0ne-05Q ¢ SWEOINSTTD CLIYT
SHOVIS TVHOILONMIGHI (HZTIVIDEIS-NON
*1F *0s Uy *13 *Ds urt *17 *be ut .Pw *B3 ug =l fo o0edg Yo sodig
227S TCoyas QLTS TOOYOS uyg *Iols eoudg SSBL]
UZ1 IoTuag YAty ZoTunp juaazlpe Loty wnwTxey
aTqedacce ar1e1dsooe Jo esay Jo Taxy po3sadsng
WUyl UMWTUTH Po1se2@ang po1sedEng

(penuiiuod) D XIANIIY



100

0004 0G4E Trdnd : .
xod *3x *bs oz-GT wonX £rmag
TIVH ECNIS 'D
00T 08 00T-08 goeds eiwiolg
009 054 009-0%4 uoox £3TATIOY
ALIALLDY INTOALS  *4
005 00 005-004 Te1aus)
00§ 0011 005~00% oaadg
004 00% 005-00% AuTpEn)]
SHDVIS TVHOLLDOYLENT VIO Iy *E
096 o8t =IULD
xad °1J *Bs z1 BB JUTUTLP SI5Yowal
002 009 g1o1T0L
009T 00et , Teod
) ' aad *3g TS .
Q*q "ucadde aoeds ofwIolg
095 04z BoIv CUIUTP
Jo £3pouded
13 *bs g°0-6"0 aneds Juraxsg
0002 0005 J2UP
Tod *13F *Ds OF eale JUTULQ
coon 000€ _ Teou _
: Iad *1JI *bs g USOLTY
VILELTLVD  'd
009T 009 009-009 jusurTerus Trdnd oot
: Iod eale ouUTUDBYU TUTOEDT
penutiuod fIuviirI D
*11 *Ds urg 1T b3 uy *1I *bB5 uyg *1F *D3 ug 9718 gordg Ju vodl]
8%TS [00Yos 9Z1S TooUos Uy *I01G soudg SZBVTY
YSTH Iojuag USTH Jofunp qusoel pe Yowa MU Xen
eTqeidoooe argeidovoe Jo esIy Jo vaxy Pa1eesEng
WNUWTUTH UMHTUE R

pPo1selang PoSadang

(Penutiuod) J XIANIIIV



101

05T 00t 041T-00T : eords Zuritep
ong gz 00L~6GL2 UWOOI UTHE
GoT 05T GAT-06T (esanu) 8917I0
HUTVEH D
of ¢ 077-0€ eoeds 8l BIOLS
00T 08 C=0t aords
Bupyse} TUnpTATRII
05T AN 04T-52T evels
eouwepInd dnoll [TTUS
062 002 082002 UzOIHIoN
. \haﬂpﬂﬂﬁ BUUTTEND
002 05T 00E~05T ad£1J0
S,J0300ITP 802Uy
oha 009 om_ac< £O0TJI0
! - . FUTTeSUnos aouepPing
. mtivoInnD '€
00¢% 052 0GE-052 SWOOT SUUGIATIOD
0% O 04-0h 19TT0L
5 05 §L-0% oep
00T Gl COT~G4 (setiddns so7Ij0) =l.nIc1g
059 005 05¢~00€ BOAR LUTITTU-THIOTD
009 00€ 002~04T (s)Tedroutiy JueinTel
cozZ 04T 002-05T Ted{ourLy aoTp
042 002 052~-007 TedT2uTIg
HOTLVHMLSININGY ¥
SYHUY CQELYIEY @IV JATIVHLSININOY
11 °TLs Uug 1T *TE ug 13 *bs ut *1I *De ug 8ZTg eoedg Jo sodf]
az1s TooYyos 93153 TOoOYDS ‘u *X01S soedg SSETH
YSTH Jofuag USTH Jopunp eRitelorziilnis] ysur umuIgxXe]]
s1geldsooe sTqeideooe Jo woIxy Jo voxy paisaEing
W TUTH WRWTUTH pajseding popuelding

(penutiuos) D YIMNUIIV



102

05T 00T 0GT~C0T rdnbo
JIOOPINC JO ©-27038
002 05T 008~05T WOOZL EUTATOODY
04T 08 $T~03 §1950T0 <0TALog
Q02 05T 002-04T setrddns
TeTPolsSnd Jo 2521015
00€ 052 00£~052 mogamqo:
T4 00T GZI~00T IOHOYS TU®R 3157T0T,
77 05 ‘ Gl-08 05ueI013
05T 00T 05T~00T 001]

SVIRIV TDIANIS

0261 004T 071-00T - 80TI¥o ArTnoud

006 0%H 0056~05Y AxeIqyr A37n0cy

of 0% 0f=0¢ ‘ £%2I0185

1194 00¢€ - 0%C~00g : SWOOT I[TOH

009 005 006-052 . S1aT10%

0OHT 004 005004 asumoT o

ngom 1 m e O ...,. L _,T . Q

08 0t 04=0¢ . S32110d

062 00T CZ1=00T . SuooT 339y

panutiuco HIIVIEH D

*17 °*bo Uy .»% DS ug *11 *bs utg t1T *bs utr 9218 eordg Jo seodA]
22TY To0uUOR %18 TOOYUDS . uy *aoms enedg SSBID
UITH Iotusg s:ﬁ: Jopunp qucoelye youyg WL TXEN

efqerd=00® sTqQE}doo0e Jo eaxy Jo uely Po1ssding

WNETUT BMUITUTR Ppa1seding potsedang

(Penut3uod) D YIQNZAAV



103

GELBHT (*LZ *B8) TIS TOOHDS HOIH HOINTS FITVILANDY FAIININ TVI0L
00Q000T ("I4 *¥S) HZIS TOOHDS HOIH YOINAL WISVIJANDY 11 ITHTY TYIOL
054 009 To0yos
uy 11dnd
aed *3F *bs % sopTddns TEUOTIONIISUT
Jo 9UuI01S TRIsusn
oce 09T

04-01t. SUCT}EC0T
, SNOTABRA 3B 2321019 oo
1

SANYLS EDIANES LHILO '€

*4F *bs ug
aETs Tooyos
YATH JoTuag

srqeldecor

UNUTUTH

*13 *De ug
ZT1S Tooyos
U<ty Jotmmp
eTqedanoe
UMUTWER

23 *bs uy a1 DS ug 8219 eowdg Jo sadf]
Laiios (R rien ksl aowdg SERTH
jusoel pe yosg wmnuTxey
Jo esly Jo woxy Delsedong
pegsssing perEaEing

(penutiucd) p XIANEIIV



&N IRVESTIGATION INTO THE USy CF CONCEPTUAL LINEZAR
PECGRAMMING AND CAPITAL EUDGETIEG IN SCHCOL PLANKING

by

CLAUDE A. KEITHIEY

B. Architecture, Kansas State University, 1965

AN ABSTRACT OF
A MASTER'S REPORT
submitted in partial fulfillment of the
requirenents for the degree

MASTER OF REGIONAL AND COMMUNITY PLANIING

Department of Community and Reglonal Plamning
College of Architecture ana Zeslign

KANSAS STATZ UNIVERSITY
Manhattan, Xansas

1973



This is a report of a model develored as a result of a planning
project while the éuthor was employed in the Urban Planning Department,
Howard, leedles, Tammen.& Eergendeff. The author had the responsibllity
of allocating schools te the variocus neighborhoods delineéted by a
neighborhood analysis of Lake Charles, Louisiana in 1966, At that time
relatively little information was available concerning the methodology of
naking such allocafions. However, the time frame under which thne final
plan was prepared necessitated a valid allocation with minimal
methodology.

The model presented in this report 1ls a result of research initiated
by the author at the completion of the Laké Charles plan and represents
an attempt to utilize the concepts of linsar programming with finaneial
eonstraints imposed by the capital budzeting process. The model is
considered t0 be an experimental design that represenis a "real world"
process. It is rresented in mairix form using the dﬁta developed earlier
for the Lake Charles Study Area.

A review of the avallable literature cn models considered to bhe of
use in the planninz profession is included in the report. The advent
of mathematical analysis has been received with mixed emotions in the
field of planning. There is, however, a generai recognition that such
an analysis can be of use in the solution of certaln types of prohlems.
Models, in general, do not reiieve the planner of the many Judzements
necessary i¢ the implementation of a comprehensive development plan.

The models are intended to zssist the rlanner in assessing the rationale

of hils declsion processes. Nany Tzctors come into pilay in every decisien,

and any process which will azsist ihe planner in his assessment can be



considered worthwhile, The planner is then able to spend his judgemental
time on other "human" factors which do not lend themselves 1o mathe-
matical analysis.

In conclusiecn, the author assessed the utllity of the model for
planners, school aininistrators and budgeting personnel in terms of
the completed plan. The planner cbtains the utility of being able to
Justify his Jjudgements on school locations within the munieipality's
financial framework. The utility to other persons, directly or indirectly
related to school planning and budgeting lies in the knowledge that the
completed plan can be implemented within the financial resources of the
municipality. The results of the model testing did not indicate accep-
tance of the stated hypothesis in that additional factors were deenmed
needed to 1link school allocations and finanecial constraints. The
technique of linear prozranning, however appears to be applicatle in

mocels of this type.



