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PREFACE

Originally the title of this thesis was to have been "Scientific
Techniques of City Planning, " but when the research and writing were
begun in earnest it soon became evident that introducing basic con-
cepts would require all the time available for the study. The author
regrets that some of the subjects could not have been treated in more
detail. The task of ocutlining specific step-by-step techniques will
have to be left for the future.

Throughout the thesis there are two themes., The first theme
is the argument that scientific treatment of city planning problems can
be of great value. The second theme is an effort to present informa-
tive material about various techniques which show promise of becom-
ing useful to city planners, It was not possible to include all scien-
tific techniques which might conceivably have a bearing on city planning,
nor was it possible to give both sides or the argument about using the
scientific approach to solve city planning problems. There are still
many problems in city planning which are very difficult to treat
scientifically, The author recognizes the limitations of present-day
science, but the position taken in this study is that the scientific treat-~

ment of city planning problems can be the most successful treatment
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in the long run. Ewven though it takes a great deal of effort to develop an
adequate scientific technique, once developed, its usefulness repays
the effort,

The author wishes to thank everyone who has contributed to the
successful completion of this thesis, Special credit is due the following
persons:

Mr. Harvey J, Cheston, Jr. and Dr. Julien A. Ripley gave the
author his background in mathematics while studying at Montgomery
Junior College in Montgomery. County, Maryland.

Dr. James H. Fox introduced the author to statistics and social
research in courses given at The American University in Washington,
D. C.

The advice and criticisms of Professors Howard K. Menhinick,
Malcolm G. Little, Jr., and John L, Fulmer helped the author clarify
many sections of the thesis,

Mrs. Ann Price typed the final copy.



TABLE OF CONTENTS

PREFACE ...... ceeerareas e nanan Cheeerereaerarseeanan A 1
LIST OF ILLUSTRATIONS ......... et e et ea et R £
SUMMARY ,.......... P s e e e beeeaa ok set s aa e eeens Vil
Chapter

1. INTRODUGCTION +vvovvcveconenns ceeene e eve 1

The Function of Planning
Need for New Methods
Scientific Method
Systems Engineering
Operations Research

A Trend in City Planning

I1I. INVENTORY AND ANALYSIS OF A CITY'S RESOURCES,.19

Basic Studies (the Inventory Function)
Market Studies(the Analysis Function)
Descriptive Analysis
Analysis of Relationships
Correlation Analysis
Trend Analysis
New Methods of Analysis
Inventory Problems
Allocation Problems
Waiting-time Problems
Replacement Problems
Competitive Problems
Summary
Presenting Data (the Communications Function)
Case Studies (a Supplement to Statistics)
Summary

II1. CONTINUING INVENTORY AND ANALYSIS ........... 57

Analogy of Quality Control
Selection of Data Series
Indices
Data Collection
Sampling

Random Sampling



Chapter Page

Stratified Sampling
Integrated Data Processing Systems
Available Electronic Computers and Accessories
Summary

1v. DECISION MAKING . ... 0t ierrrinnrirarnacas veraes 85

Decision Makers
Models
Mathematical Models
Statistical Models
Measuring Social Values
Ranking
Rating
Scaling
Construction of Scaling and Rating Instruments
Application of Scaling and Rating Techniques
Determining Probabilities of Occurrences
Prediction
Probability Theory
Social Control
Presenting Facts and Alternatives
The Final Analysis

V. DETAILED PROBLEM SOLVING ...........0... eese. 109

How to Solve It

Statistics as a Basis for Design
City Planning Handhook

Design Decisions

VI. REAPPRAISAL ...... . cviinvnnnns et et 121

Feedback
Telemetering
The Need for Flexible Plans

VIIL. NOTES, CONCLUSION, AND RECOMMENDATIONS.... 131

Notes on Planning Orgaunization
Gonclusion
Recommendations
I. Use Scientifically Trained Planners
II. Use the Team Approach
III. Topics for Further Study

BIBLIOGRAPHY ...ttt ittt ietaanisrttasnsssnosassosnas 140



Figure

LIST OF ILLUSTRA TIONS

Typical Growth Curve ....... et e e ar e e
Scatter Diagram ......vceenitrccanannaas Prese
Regression Line ....... s herr et esaneua e r s
Typical Data Processing System ....cu000s. caa e
Control Charts Used in Industrial

Quality Control ............ svaens e e esns
Block Diagram of a Typical Decision Maker .......

Classifications of Rating Scheme for APHA
Technique of Measuring Housing Quality .......... .

Diagram of a Typical Feedback Loop ..evv-vvre-n,

35

55

60

86

95

vi



vii

SUMMARY

The increasing size and complexity of urban areas within the
United States brings the need for more efficient and more thorough
analysis of city planning problems. This study applies scientific
concepts to city planning in order to show their potential usefulness,

The scientific concepts presented in this study are described
within the framework of five city planning functions: (1) survey and
analysis of data, (2) maintaining a continuous reporting of data, (3)
clarifying policies on which plans are based, (4) making detailed plans
to implement policies, and (5) evaluating the effectiveness and desir-
ability of results emerging from the planning program,

The development of operations research and systems engineering,
during and following World War II, has prepared the way for the use
of science in city planning. Several operations research techniques
which show promise of being useful to city planners are described.

The present lack of well developed city planning theory makes
it necessary to rely upon empirical data to a high degree. Thus, sta-
tistical concepts are emphasized. The relationship which industrial
quality control and electronic computer techniques bear to city planning
is briefly discussed. The process of making decisions is discussed

along with the two major problems facing decision makers: (1) measuring
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social values, and (2) determining probabilities of occurrences. A few
techniques of problem solving are also discussed.

Because the social effects of city planning innovations are so
great, every effort should be made to gain maximum knowledge from
each one. The concept of telemetering is shown to be useful in preserv-
ing data which is often lost because of lack of forethought, and the con-
cept of feedback is shown to be useful in improving the effects of plan-
ning programs,

Gity planners can expect scientific concepts to play a growing role
in their programs of research and planning. Consequently, it is recom-~
mended that people with scientific training be encouraged to participate
in the process of city planning. It is also recommended that the team
approach, wherein a number of specialists work together on a study,
should be used as a method of marshalling the required amount of
knowledge to carry on thorough analyses. Finally, a number of topics
for further study are listed and the compilation of a city planning hand-
book is recommended as a means of making the scientific knowledge of
city planning readily available to a large proportion of the professional

city planners.



CHAPTER 1
INTRODUCTION

""Concepts previously known only in a given field may spread far
beyond its boundaries, notably in recent times. "l With this bit of ex-
perience as background, this study is an effort to spread a few selected
concepts of the social, natural and mathematical sciences to the field
of city planning.

The function of planning. ~-It is first necessary to set down a definition

of city planning in order that the relationships between scientific tech-
niques, introduced in the study, and city planning can be seen. The
following definition of city planning is not meant to be the last word on
the subject. It is merely meant to give a context in which this study
can be read and understood.

Though in most cities current city planning practice is largely
confined to making physical plans, the leading thought among theorists
is that city planning should be '"as broad in scope as city government, na
City planning is conceived as an advisory service to the chief executive,
and through him it is advisory to the legislative body. City planning is
a staff function in the sense that ideally it is devoted exclusively to the
knowing, thinking and planning activities of government as opposed to
the line function which is chiefly concerned with the ''doing" activities

of the operating departments. '"Ags an integral part of an administrative



structure the functions of a planning staff are broadly twofold: (1) to
carry on research and to make recommendations on the basis thereof
and {2) to Esynthesize__f departmental policy Einto an overall city

plan_/' n3

The real test of planning is not only how sound it is from a tech-
nical point of view. It depends also on whether and how it influences
official action. '""Planning, of whatever character and no matter how
good, is useless unless it influences official action. 14

Planning is a process available to anyone who will use it. It is
available to totalitarian governments as well as democratic governments,
political bosses as well as professional public administrators, groups
of private citizens as well as official government, and private enterprise
as well as public enterprise. In a democracy, planning for the public
good is ''the process by which we make a continuous, organized effort

to gather all the facts about and bring all the scientific insight to bear

upon any problem which may require the adoption of a public policy. u5
In essence the idea has been expressed as "to put the experts on tap
rather than on top. " Planning is the process which makes available to

the political domain of public decision expert research and synthesis,
This study stresses scientific concepts for good reason. '"The

importance of science is less in its material boons than in its univer-

sality, in the large area of agreement that it has achieved; the fact that

it has risen above particular languages to a form of discourse that may



become common to all, and be incorporated into them. Modern theory
is well adapted to estimating the degree and extent of the validity of
16

propositions, and perhaps even of giving them direction.

Need for new methods. --Although city planning has been practiced since

cities first appeared, this practice developed into a conscious procedure
as cities became complex. Finally city planning developed into a pro-
fession and has been practiced as a profession (though an ill defined one)
for more than half a century.

The need for new methods is a natural requirement for any pro-
fession, but there are special reasons why the profession of city plan-
ning is ripe for the application of new methods at this particular time.
Underlying these reasons is the rapidly increasing complexity of man's
existence. One bit of progress does not merely add to another; it multi-
plies. For instance, world population graphed with respect to time
starts slowly but gains momentum until at the present time it exhibits
a very rapid rate of growth. Inspecting a graph of the average speeds
of transportation year-by-year, the number of telephones in use, or the
nainber of persons supported by one farm worker, the same trend is
noticed.? One type of progress after another follows the trend of the

growth curve.
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Fig. 1 Typical Growth Curve

Source: H. H. Goode and R. E. Machol, Systems Engineering. New
York: McGraw-Hill Book Company, 1957, pp. 2-3.

City planners have worked with these phenomena long enough
that no more needs to be said to them about increasing rates of growth.
Until recently the effects of science upon the people of the world

were very largely restricted to a laissez faire character, When a scien-

tific laboratory turned out a new principle, private enterprise picked it
up and turned out a new product. The public reacted in a natural way,
with each person exercising his individuality. This lack of any govern-
ment policy to guide the use of new products of science was in the tradi-

tion of eighteenth century laissez faire in which a policy of non-inter-

ference in economic affairs was deemed appropriate for government.
The depression of the 1930's and the Second World War which

followed dramatized the inadequacies of such a procedure. Social plan-

ning began to come out of its academic home into public service. The

requirements of war stepped up scientific research and development



unbelievably. Of course, secrecy surrounded much of what was done,
but in the 1950's some of the secrecy disappeared, revealing astound-

ing progress. It is at this point in history that this study was undertaken.
The depression gave city planners a prominence they never enjoyed
before and scientific research is offering the city planner new tools

more powerful than any he has ever had before, The time is opportune
for the application of new methods to cify planning.

Scientific methods. --Before new methods or concepts which can be

applied to city planning are described, it will be helpful to say a few
words about scientific method. Although it is not new, scientific method
is still accepted as the basic philosophy behind present-day scientific
concepts. Scientific method developed over a period of many centuries,
as a result of the thoughts of practical as well as theoretical philosophers.
The earlier philosophers concentrated on logical systems of
thought, thinking that reason was a sufficient proof of their ideas. How-
ever, more recent philosophers have realized that logic cannot prove
anything to be true of the real world unless the assumptions on which
the logic rests are correct. In an effort to make sure that their logic
does not lead them astray, modern scientific philosophers take pains to
compare their logical conclusions with occurrences in the real world.
Thus, the addition of the philosophy of empiricism to the philosophy of
8

logical reasoning has resulted in the philosophy of science.

Scientific method has several steps, but its distinguishing



characteristic is observation. No study is scientific unless it is based
upon carefully observed data which are used to empirically test hypo-
thetical propositions. The six steps of scientific method are as follows:

1) The problem under study and all words used in the study
which do not have generally accepted meanings are defined; assumptions
and conditions under which the problem is studied are made explicit.

2) All knowledge on the subject made available by previous
studies is analyzed as the basis for forming an hypothesis about the
problem.

3) The hypothesis is used to predict occurrences.

4) The hypothesis is empirically tested by observing occur-
rences and comparing the actual occurrences with the predicted ones.

5) Results of testing the hypothesis are used to revise it in an
effort to make it consistent with the actual occurrences.

6) More tests and revisions are run on the hypothesis until a
satisfactory hypothesis, which can be successfully used to predict oc-
currences, is developed.

At the end of this six-step method the hypothesis, which to begin
with was a tentative proposition to be proved or disproved, emerges
as a theory that can be used, for all practical purposes, as a fact.

The scientific method requires that whoever uses it must be
objective in so far as possible. The results of tests must be arrived

at according to rules which other scientists could follow to arrive at



the same results, These rules should be made explicit so that there is
no mystery about how the results were attained. Only under this condi-
tion of objectivity can the meaning of the test results and the value of
the theory based on them be clear.

Coupled with the development of precise measuring devices,
equipment which can be used to control experiments, and mathematics,
the scientific method has been used to great advantage in the study of
many kinds of phenomena. This study will show how some of the con-~
cepts used in scientific investigations can be used to make city planning
more effective than it normally is at the present time. The first such
concept to be discussed is that of systems engineering.

Systems engineering. --Systems engineering is one method of scientific

investigation which has been meeting with success in finding new solu-
tions to the increasingly complex problems of modern life. Originally
developed to handle military problems of unprecedented complexity,

it is now becoming important also in peace-time applications.

Systems engineering is mainly concerned with the design of
equipment systems, but sccial, biological, and ecological systems
have many points in common with equipment systems. 9 Many sys-
tems engineering techniques may be applicable to city planning prob-
lems in the future.

In defining a system the first important thing to consider is

that there is always a singleness of purpose which the system works



to accomplish, For instance, an automatic traffic signal system would
have as its single purpose to enable traffic to move quickly and effi-
ciently through a city or part of a city, The components of such a sys-
tem would be a sensing device to record the movement of traffic, a
transmitting device to relay the record of traffic movement, a comput-
ing device to process the traffic data, a second transmitting device,
and finally the signal itself which controls the traffic. It would be the
job of the systems engineer, not to design each of these devices, but
rather to write functional specifications for them so that they will be
designed in such a way that they will work well together to accomplish
the single purpose when the system is assembled. The similarity to
a city planning job is obvious. Just like the systems engineer, the
city planner should not be responsible for designing each road or inter-
section or park; rather it is his job to write the functional specifications
for the park system or the road system or whatever system he is work-
ing on. The systems engineer and the planner are specially trained to
take the braad view of the system as a whole. It is impossible for
them to learn all that would be necessary to see the system as a whole
and still be able to do an expert job of designing all the components of
the system, 10
One example of a system with which all city planners are con-
cerned is the land use control system. City planners have a systems

engineering responsibility for the land use control system just as



industrial engineers have the systems engineering responsibility for a
communications system, a weapons system, or some other system.
A few of the well known components of a land use control system are
zoning, subdivision regulations, official maps, public acquisition of
land. and tax policies. Planners have a tendency not to treat these
components as parts of a system. They are more likely to treat them
as independent tools. Consequently, zoning, subdivision regulations,
and the other components are not always made to work together for
common purposes. When a planner works to improve a zoning ordinance
and map without reference to the other land use controls, he is doing
what a systems engineer would call "suboptimization." Suboptimiza-
tion is not the job of a systems engineer. Instead, his job is to opti-
mize the whole system. As a matter of fact suboptimization, without
regard for the limits set by optimization procedures, may ruin the
chances for optimization because the two may be incompatible, The
city planner who works on a zoning plan without always being mindful
of the other land use controls could very well be damaging the overall
land use control system. 11
The team approach is the obvious method of attack for a sys-
tems engineering problem. The systems engineer directs the team so
that they work with the single purpose of the system in mind. City plan-
ners might very well benefit by studying the methods of systems engi-
neering and applying the system engineer's approach to their system

design problems.
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Operations research. --Another new approach to increasingly complex,

modern problems is operations research. Operations research has been
defined many ways, but essentially it is the application of scientific
methods and techniques plus the team approach to operational problems,
Operational problems are difficulties arising from a certain way of doing
a job or a certain way of using a piece of equipment. Implied in the
term "operations research' is the existence of an operation. Though
such an implication may have been correct when operations research
first began to be used, it is no longer strictly correct. The findings of
operations research are not limited to suggesting better operating pro-
cedures using existing equipment or systems. Operations research
studies sometimes lead to proposals for new equipment and systems

to be designed. Also, to avoid the limitation of studying existing opera-
tions, mathematical simulation has been taken over as a very impor-
tant part of operations research methods. Using the simulation tech-
niques, operations research workers are able to test hypothetical oper-
ations thoroughly before they are actually established in use.

Operations research was developed during the Second World War
by the United States and Great Britian for the express purpose of aid~
ing military decision making. Its record during the war was highly
distinguished, and thereby established operations research as a new
profession with something unique to offer. The advisory position en~

joyed by operations research leads to the following well known definition
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of operations research. "Operations research is a scientific method of
providing executive departments with a quantitative basis for decisions
regarding the operations under their control. w12 Notice the similarity
of this definition of operations research with the definition of city plan-
ning already given!

Another more recent definition is similar but adds the point
that "The concern of OR with finding an optimum decision, policy, or
design is one of its essential characteristics . . . it seeks the best
solution. nl3 Operations research takes the systems approach and "is
concerned with as much of the whole system as it can encompass. nld
But that does not necessarily mean it starts with analysis of the system
as a whole. '"Most OR problems begin with familiar problems of re-
stricted scope, nl5 and then broaden the scope as much as circum-
stances permit. As this process takes place, the solution of each
problem uncovers new problems. "Consequently, OR is not effectively
used if it is restricted to one-shot projects. Greatest benefits can be
obtained through continuity of research. 16

Operations research is an applied science. It uses all known
scientific techniques as tools in solving a specific problem., One
major contention of this thesis is that city planning is to a large extent
operations research, It is an applied science which should use every

applicable scientific technique at its disposal. City planning should

make use of the most recent discoveries in any field of study whenever
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they are applicable in any way. This is to say that if city planning hopes
to keep up with the tremendous growth of complexity of problems and
technological change, it rmust avail itself of a multiplying technology of
its own based on the advance of all sciences.

Operations research emphasizes quantification of factors in the
process of decision making. Those factors which cannot be quantified
are not stressed. Management is always left with the ultimate respon-
sibility for making the final decision based on subjective judgments in
addition to facts presented by operations research studies.

Operations research has drawn most of its workers {rom the
basic sciences {i.e., physics as opposed to engineering, biology as
opposed to medicine, sociology as opposed to public administration,
etc. ), Thus, a real emphasis on research has been attached to opera-
tions research studies. The product of an operations research team is
a research report. One of the most experienced operations researchers
in the United States lists as '""the important characteristics of operatiouns
research' the following:

Research on the operations of the whole organization;
Optimization of operations in a manner that brings about
greater assurance of both short and long range health
for the organization;

Application of the newest scientific methods and tech-
nigues;

Synthesis and extension of the methods and techniques
of the older management sciences;
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Development and use of analytical models in the manner
common to the basic sciences;

Design and use of experimental operations that give an
insight into the behavior of actual operations;

Use of integrated and creative multi-disciplinary team
research to solve complex operational problems. 17

It is not the purpose here to give a lengthy account of the success
of operations research. That has already been superbly done elsewhere

18 But even so, it is

by people much better qualified than this writer.
appropriate to give a short account. The account illustrates the point
that as operations research has developed it has become capable of solv-
ing increasingly complex problems.

During the war, operations research developed from the point of
considering weapons problems to the point of considering broader tacti-
cal questions and finally to the point of tackling complex strategic prob-
lems. One interesting weapons problem was that of increasing the per-
centage of submarine sinkings resulting from air attacks. After study
of many attacks, a solution was found which increased the number of
sinkings between 400 and 700 per cent without the use of any new equip-
ment. In addition the study revealed that a slight change in the design
of depth charge triggers would further improve the effectiveness of the
air attacks. 19

Numerous tactical problems were solved. Losses of ships in

320

convoys were substantially reduce and bombing raids were given

surprising effectiveness. 21 A new mine laying tactic was developed
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which enabled less than six per cent of the XXI Bomber Command's
effort, which was devoted to the new tactic, to do as much damage to
the enemy as the remaining 94 per cent effort concentrated on conven-
tional operations was able to do. 22 Another tactical problem was pre-
sented by the Japanese kamikaze attacks. In this case operations
researchers worked out a solution which saved from damage half of the
ships which would have ctherwise been hit. 23
Strategic problems are likely to cut across a larger number of
scientific disciplines than are the weapons and tactical problems. 1t
is primarily as a result of tackling some of these broad problems that
operations research teams have come to include social scientists as
equal partners. Postwar military operations research in the United
States has naturally been asked to assess Russian capabilities. '"One
result of this type of research has been codification of those principles
of action which appear to underlie the Politburo's calculations; such
codification is now available as one factor to be considered in making

analytical predictions of Russia's future actions. 124

Another strategic

question given to operations researchers was whether the Army should

recommend economic and military aid to Western Europe. The re-

sulting report formed the basis for the Army's recommendations con-
. . 25

cerning this problem.

Non-military applications of operations research have been

evident mainly in industry, but there is one example of operations
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research in national planning. Under the guidance of an operations
research consultant, Puerto Rico has been transformed '"from an im-
poverished agricultural island to a thriving, semi-industrialized com-
munity with a standard of living which compares favorably with that of
other Latin American countries, n26
As suggested in one of the first books written on the subject of
operations research, city planning can benefit from the use of operations
research. To paraphrase the authors, initial opposition can be expected
from governmental administrators, but once this is overcome there is
no reason why operations research should not be as fruitful in aiding
the solution of governmental problems as it was in helping to solve mili-
tary problems. Of course, some operations will be more fruitful of
results than others. Traffic problems, for instance, are highly amen-
able, for data are easy to obtain, and changes in conditions (if not too
drastic) can be produced to study the effects. On the other hand, the
design of city housing and municipal facilities requires data that are
difficult to obtain, the solution is strongly dependent on individual cip-
cumstances, and operational experiments are difficult if not impossible.
Nevertheless, the field of housing and city planning is an extremely
important one and operations research in this field could be started
whenever an adequate administrative authority is set up to whom the
scientist could report and which could insure that research is more

than idle academic exercise. 27
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One of the most recent and authoritative text books in the field
of operations research makes the following statement in the course of
summarizing the applicability of operations research to various types
of problems. ''"We also realize that it [Operations researchJhas an
enormous potential application to community problems as is evidenced
by Chapter 15 [Traffic Delays at Toll Booths/. . . . We feel that the
future development of Operations Research should occur in all areas of
administration. n28

A trend in city planning.--Recently city planners have been thinking in

terms of some of the same scientific concepts used in operations research.
In 1954, Richard Neutra argued for the team approach in planning and even
went so far as to say that "This [nixed team of technical specialists
doing city planning /might be beneficially chaired by an expert in applied
biology. n29d

A year ago, Melville C. Branch, Jr. sketched the status of city
planning and operations research, indicating that the two professions
are growing closer together. He concluded his article by stating "It
should be possible to intercommunicate the state of the art in each ap-
proach, . . . examine their interrelation, and determine what further
study and types of coordination will advance the knowledge and technique
of comprehensive planning. 130

This year one of the policy committees of the American Institute
of Planners lists as a goal to be sought the more effective use of scien-

tific techniques by city planners. 31
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Perhaps the influence that scientific advancement has had on
planners can best be seen in a 1956 speech by Martin Meyerson in
which he uses the new ideas of continuous information flow and feed-
back. 32 Mevyerson felt that city planners were either bogged down in
petty detail or caught up in making long-range plans which had little
chance of being realized because they failed to show specific steps to
be taken in the present. To correct these shortcomings, Meyerson
proposed what he called the middle-range bridge for comprehensive
planning. This proposal was notto be substituted for long-range
planning; it was to supplement it, The purpose of the proposal was to
introduce a method for producing short-range plans {for ten year periods
or less) which would solve current problems in accordance with the
long-range plans. The short-range plans would have immediate effect
and would be constantly revised to meet changing needs,

Meyerson outlined five functions of the planning agency which
are necessary in the process of producing the short-range plans he
envisages. The five functions are as follows.

1. Gentral Intelligence Function
{(analysis of relationships and values)

2, Pulse-Taking Function
{periodic alert to danger signs)

3. Policy Clarification Function
(regular revision of development objectives)

4. Detailed Development Plan Function
(specific projects furthering the long~range plan)
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5. Feedback Review Function
(analyze consequences of past as guide to future)

As will become apparent later, the five planning functions have
a striking similarity to a theoretical model for decision making. The
attempt of this thesis to indicate the application to city planning of se-
lected scientific concepts as techniques is organized around the five
planning functions in the hope that this organization will add meaning

for city planners,



CHAPTER II

INVENTORY AND ANALYSIS OF A CITY'S RESOURCES

The first of Meyerson's community planning functions is called
the central intelligence function. As Meyerson describes it, this
function is market oriented. That is, in carrying out the central intel-
ligence function the planner's job is to seek an understanding of the
various markets in the community; housing markets, industrial markets,
real estate markets, and consumer markets, among others; for it is the
market processes which are of primary importance as a method of allo-
cating resources in the United States. The market process Meyerson is
speaking of is the bringing together of producer and consumer, supply
and demand. Meyerson goes on to say that by carrying out the central
intelligence function planners should be preparing to develop public
policies to improve the operation of community markets by keeping
perpetual inventories of market characterigtics. Summing up the pro-
posal, it is the purpose of '"a central intelligence function to facilitate
market operations for housing, commerce, industry and other commu-
nity activities through the regular issuance of market analyses. nl
What Meyerson is saying, then, is that city planners should seek to

know the resources of their communities and the market relationships

which distribute the resources. This study assumes a broad view of
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the terms '"'resources' and '"markets.! Not only are natural resources
and the economics of their distribution referred to, but also referred to
are social resources and the distribution of them.

While the central intelligence function is not limited to statistical
analysis, statistics plays the most important single part in the planner's
job of resource and market study. This chapter is concerned with basic
studies of resources, market analysis studies, methods of presenting
the findings of these studies, and the idea of supplementing statistical
studies with case studies. Then to unify the chapter it is summarized
by anology to a typical data processing system using electronic com-
puters,

Information is the basis for all planning. Good plans are based
on huge quantities of pertinent, up-to-date data. At every stage of the
planning process from the earliest investigations to the final reapprai-
sal, gathering of data is the key to success. Thus, information gather-
ing and processing is central to this chapter as it is to every other
chapter in the thesis,

In getting to know the resources of an area, there are four im-
portant points to consider. First, what kinds of basic studies need to
be undertaken and what is the best way to undertake them? Then,
assuming the necessary data have been gathered, what are the relation-
ships which can be found between facts uncovered in the basic studies?

Third, how can the facts and relationships be presented so that they
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are most meaningful to those who have to use them? And fourth, how
can weaknesses in the statistics and generalizations be overcome? 1t

is with these four questions that this chapter will be concerned,

Basic Studies (the Inventory Function)

The two-pronged question which introduces this section is,
What kinds of basic studies need to be undertaken and what is the best
way to undertake them? To answer the first part first, it should be
said that modern city planning literature is unanimous in recognizing
the need for basic studies which include investigations of social, eco-
nomic, and political characteristics of urban areas as well as the more
standard physical studies of land use, natural resources, and so on.

Probably the most complete study ever undertaken for an urban

area is the Regional Survey of New York and Its Environs. 2 It included

detailed studies of:
the important industries
wholesale markets
retail shopping districts
financial districts
population
land values
government

highway traffic
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transit and transportation
public recreation

buildings: their uses and the spaces
around them

physical conditions: such as geography, climate,
water, sanitation, refuse disposal, and pollution,
power, heat and light

public services,

The Regional Survey did not slight physical or economic aspects

of New York's many problems, but it gave unprecedented emphasis to
social factors. One especially outstanding example of emphasis on
social factors is in Chapter XII of the public recreation study entitled
"Children's Play in Twelve Congested Districts. n3 Children were
observed as they played on the playgrounds and overflowed into the
streets and alleys. It was noted where children came from to each of
the parks or playgrounds. From these and other factors a percentage
of adequacy was established for each park and each playground in the
twelve areas. Thus, an index of adequacy was established as a guide

for recreation planning. The Regional Survey pioneered this and other

techniques.

The Regional Survey of New York and Its Environs was possible

only because of sponsorship from the Russel Sage Foundation. It took
seven years and $1 million to complete the studies. As valuable as

such studies would be to the average city planning agency, a project of
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this magnitude has never been undertaken in other cities. Nevertheless,

piecemeal approximations to the Regional Survey type of project are be-

coming increasingly common and new chapters are being added. In
cities where planning is progressive, it is not unusual to find (just fin-
ished, in progress, or about to be undertaken) projects for investigating
economic base, employment factors, population trends, land use patterns,
housing conditions, transportation systems, and various community facili-
ties. In addition, any particular city is likely to have a number of special
preojects relating to current problems which flare up from time-to-time
(and may have significance only at one time or one place}. For example
one project might be for the purpose of improving the tax structure and
another might be aimed at determining whether the city could be eligible
to benefit from a certain Federal or state program of assistance. An
alert planning agency will always be finding new problems to solve which
will require new kinds and sources of information

The needs for several new types of studies are currently being
widely circulated in social science and planning literature. Attitude
surveys on subjects ranging from home ownership and taxes? to neigh-
boring, redevelopment, and the journey to work? have been called for
many times. Some other studies commonly being called for are geo-
graphical studies to identify the extent to which natural areas exist
and the characteristics which they exhibit, 6 Then there are popula~

tion problems which need attention, such as estimating daytime
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populations. 7 Flood plain surveys also need to be made in many areas
and improved studies of economic base are frequently urged.9 All of
these studies are essentially statistical. There is no end to the list of
proposed studies which could be given here,.

Now that an answer has been given to the question concerning
the types of basic studies city planners should undertake, the next step
is to answer the question concerning the best way to undertake the
studies.

It goes almost without saying that the use to which data are to
be put should be carefully thought out before the data are collected.
This is an economy measure, plain and simple. City planners have
limited time, money and effort to put into almost unlimited possibilities
for basic information studies. Not only that, but it is a conceptual
economy also. By collecting only data for which there is a use the plan-
ner avoids confusion, (These statements are not intended to apply to
the fundamental research situation in which "extraneous' data may turn
out to be the key to a new discovery. )

After the data have been carefully selected, they should be col-
lected in such a way that they will be available quickly and inexpen-
sively for many different kinds of analysis at any time. One of the
most common occurrences in offices which deal with large quantities
of data is the extreme difficulty of access to data soon after they arrive

in the office.
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Special provisions should also be made for keeping the data up-
to-date. In the United States, today., everything (population, land use,
technology, economic conditions, etc.} is changing so rapidly that even
while a city planner is working on a new set of date, the data become
out-dated.,

By now problems of how to undertake studies designed to gather
infermation are familiar to most city planners, but methods of sclving
them are not sc familiar.

Medern machine methods are the only practical solutions to
handling huge quantities of data guickly and with flexibility of access,
analysis, and up-dating. IBM systems for handling land use data have
been established to meet growing demands for up-to-date information
in Providénce, Rhode Islamd;10 San Mateo, California; 11 and Tulsa,
Oklahoma;l‘2 and other cities such as Wichita, Kansas, are proposing
to establish such systems as quickly as possible. 13

Other municipal functions are also being aided by the use of
modern machine methods of data handling. In Los Angeles, where
the city operates 16 IBM systems and the county operates 17 more
electronic systems, accounting, billing, filing operations, analysis
of crimes, traffic violations, and accident reports, computations for
construction projects, and handling of voter and tax rolls are all done
by machines. 14 Budget control is another phase of municipal operation

in which machines can aid. 15 And in New York City, the transit
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authority is using a UNIVAC system to make daily inventories of its
$20 million worth of supplies in 16 scattered warehouses. 16 Almost
any job of handling large quantities of data in a repetitive fashion
where speed is an important factor can be done advantageously by
machine methods.

Basic studies can be designed so as to permit the use of eco-

nomical methods of collecting, recording, and assembling information.

Market Studies (the Analysis Function)

Without some sort of analysis it would make no difference how
many individual pieces of data could be collected. An individual piece
of information, or even a large group of individual pieces of informa-
tion, is nothing more than idle description of the past if it cannot be
analyzed to provide generalizations which can be applied to new situa-
tions. Thus, the analysis of data is essential to planning for the future.

City planners have long been analyzing data of various kinds.
Analysis of data is basically a statistical procedure, so naturally, fre-
quency distributions and graphs of one kind or another appear commonly
in planning literature. However, most of the time, data analysis is
taken no further than simple tables and graphs. Tables and graphs are
valuable as far as they go and are the obvious first step in analyzing
data, but they remain tied to a specific set of figures--a specific situa-
tion, Consequently, the kind of generalization which yields universal

laws is not highly developed in the field of city planning.
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Complicated problems are difficult to solve in generalized ways
because of the number of factors involved. City planning deals with
complicated problems because social factors have to be considered as
well as physical factors such as topography and construction techniques,
In dealing with complex problems, generalizations can be made most
easily if the most significant factors can be identified and studied inten-
sively while relatively insignificant factors are "weeded out' for the
sake of avoiding confusion. After a generalization is finally seen, it
may be possible to refine it by using some of the previously discarded,
less significant factors. This process of generalization and refinement
is impossible without the use of quantitative data.

A few generalizations have appeared in planning literature
though refinements are much more rare. One such generalization is
the gravitational attraction law. 17 The theory, derived from the analogy
of the gravitational theory of physics, was first stated in the early part
of the 19th century and revived from time-to-time until at the present
time it is well enough thought of to be used as one factor in delineating
retail market areas. The form of this theory used for delineating re-
tail market areas is known as Reilly's law of retail gravitation, It
states that the ratio of population centers in inverse to the ratio of
the distances of market dominance between the centers exercised by

each., In other words:
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i 9
i d
where P; - population of center "i"
Pj - population of center "j"
d; - distance market dominance of "i"
e xtends toward '"j"
dj - distance market dominance of 'j"

extends toward '"i"
Since one or the other of the centers is assumed to be dominant over
all the distance between the two centers

d; + dj =D
where D is the total distance between the centers. Taking center "i"
as the one for which a market is to be delineated, d; can be computed

from equations (1) and (2), the total distance between the two centers,

and the populations of the two centers. The derived equation is simply

d. = D
1 + Py
Pj

By applying this formula between one retail center and each of a number
of surrounding centers, it is possible to delineate the market area of
the one center. Since factors of "friction" such as road conditions be-

tween the centers, intervening political boundaries, etc. have not been

incorporated into the formula, the formula must be used with discretion,
But even so, the formula is useful as a guide and may be refined for

more precise use in the future.
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In the absence of more and better refined generalizations, the
analysis of city planning data is, at the present time, dependent almost
entirely on specific case materials, Analysis of this type requires that
all pertinent factors involved in a problem be measured directly each
time the problem is studied, whereas if generalized relationships could
be said to exist between the factors, relatively few measurements would
have to be made to determine a solution to the problem.

Analysis of relationships among data in specific cases is familiar
to all experienced city planners. A simple example is the comparison
of data on types of apartments and number of school children living in
the apartments, When such data are tabulated, results might show that,
for instance, one type of apartment yields nine tenths of an elementary
school child per unit while other types might yield seven tenths, five
tenths, or three tenths. Such figures, once arrived at, cé.n be applied
in the city to which the data refer for the purpose of predicting the
number of elementary school children who will live in new apartments
which are to be built in the future. But in a few years the data become
so out of date that they have to be revised and retabulated. Obviously
such a procedure would be costly and time consuming if done manually,

Data analysis, both for purposes of generalization and case
studies, requires machine methods, at least in middle sized and large
cities. This is a question of sheer possibilities as well as economy,

Generalization, in particular, cannot be based on a small group of
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facts because it represents all of a certain kind of experience. There-
fore, generalization should be based on as much experience as possible
if it is to be realistic,

Many of the simpler techniques of data analysis such as ordinary
frequency distributions and simple graphs have been available to plan-
ners for a long time, These statistical techniques are valuable, but
statistics has more to offer than city planners have been prone to use.
Statistical analysis is one of the most important kinds of scientific
analysis. As a matter of fact, even the physical scientists have recently
come to realize the fundamentally statistical nature of their problems. 18

Planners have use for two broad types of statistical analysis:
descriptive analysis and analysis of relationships. The two situations
which require different types of statistical analysis are static and
dynamic. Descriptive analysis describes a whéle universe (or popula-
tion), as it exists at one point in time, either by summarizing data
about a sample of units in the universe and then predicting universe
characteristics based on the sample. Analysis of relationships is
concerned with finding relationships among variable characteristics
which can then be used to predict future data. For the sake of example,
a housing condition survey is brought to its conclusion by descriptive
analysis of statistics while population forecasts are arrived at by

analyzing statistical relationships of variable characteristics,
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Descriptive Analysis

Descriptive analysis is discussed here first because it is simpler
and more fully developed than analysis of relationships. Several com-
mon techniques are used in descriptive analysis. Ratios, percentages,
and proportions describe simple comparions of data, Measures of cen-
tral tendency {mean, median, mode, etc.) are used as the single most
descriptive measure; they are measures which give a general descrip-
tion of a whole universe all in one number, such as average income in
a community or average educational level in a community. For a more
complete description of the universe, however, measures of dispersion
also have to be used. These measures are designed to show the range
over which the statistics vary, or at least they give some estimation
of the range in which the major portion of the data lie. Skewness, a
measure of departure from symmetry in ordered data, is also impor-
tant to statistical description. Progressing to even fuller description,
graphical representation is the next step; followed by description in
the form of mathematical equations. Carrying descriptive statistics
one step further, it is possible to deacribe, with a fair degree of
accuracy, a whole series of data after examining only a sample (some-~-
times very small) of the data.

Descriptive statistics facilitates thinking about and conversing
about data. It also facilitates simple and complex comparions be-

tween one set of data and another. It is no wonder, then, that descriptive
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statistics has already become an everyday tool of city planners who deal
with long series of data.

The same techniques of descriptive statistics just mentioned can
be used with data from actual situations to test hypotheses. Based on
a group of assumptions, hypothetical relationships, and specified con-
ditions, predictions of expected data can be made, If the actual data
are then described by descriptive statistics, they can be easily compared
with expectations. If a comparison confirms expectations the hypothe-
sis is strengthened; if it does not, the hypothesis is weakened. Setting
up hypotheses and testing them with descriptive statistics is a job
requiring considerable skill and has, understandably, not come into
common usage among city planners. Nevertheless, the useful possi-

bilities are evident.

Analysis of Relationships

Analysis of relationships, like descriptive testing of hypotheses,
requires considerable statistical skill. Basically there are two things
to be accomplished in the job of analyzing relationships: establishing
relationships among data and generalizing on the relationships as a
means of predicting future data. Four aspects of relationship or asso-
ciation can be investigated by statistics. The first aspect is existence--
whether or not there is any relationship. Next, the question of whether
the characteristics are positively or negatively related can be investi-

gated. Then, statistics can indicate how close the association is (i.e.,
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how reliably the statistical relationship describes the actual data),
And finally, statistics can measure the change in one characteristic
associated with changes in other characteristics.

A number of statistical techniques have been developed for use
in the analysis of relationships. Some of the techniques, such as con-
tingency and analysis of variance and covariance, are suited to treat-
ment of nonguantitative data, one example of which is the problem of
analyzing the relationships between race (white and Negro) and type of
public welfare relief {direct relief or work relief). 20 Other techniques
such as total, partial, and multiple correlation are suited to analysis
of quantitative data, an example of which is the problem of anlyzing
the relationship between the percentage of net change ina population
due to migration and the average annual rate of natural increase in the
population. 21 As might be expected, nonquantitative data and the tech-
niques for analyzing the relationships among them are not as precise
as are the quantitative data and the techniques for analyzing them.
Nevertheless, the statistical methods of analyzing nonquantitative data
{the analysis of which is often lacking) are better than ordinary common
sense. Methods of correlating quantitative data are, to an even higher
degree, superior to ordinary common sense.

Correlation analysis. --It is in the realm of correlation analysis that

frontiers are being extended. Recent developments in electronic com-

puter systems are largely responsible. Only because computers are
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available is it possible to process large quantities of data with complex
statistical techniques. Before the use of computers, limits of time
and expense prohibited many statistical analyses which are now becom-
ing commonly accepted practice, As more and more problems become
stated in quantitative terms, correlations heretofore impossible will
appear.

The most simple type of correlation is total correlation. It is
used to analyze a relationship between two series of data. For instance,
the relationship between cost of sewer lines and length of sewer lines
could be analyzed by correlation as follows, Records of installation of
a number of varying lengths of four foot trunk sewers could be exarmined
and lengths and costs shown on each record could be plotted on a graph.
The resulting graph might look similar to the one below which is called

a scatter diagram,

Cost of e
Sewer

Length of Sewer

Fig. 2 Scatter Diagram
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The scatter diagram can be analyzed mathematically to deter-
mine the line which represents the relationship between length and cost
most accurately on the average. Such a line (called a regression line}
would have the mathematical form y = a + bx

in which y = cost of sewer

point at which the line described by the
equation crosses the y axis

a

b = the slope of the line (ratio of y to x)

x = length of the sewer.

In the case of the scatter diagram above, the regression line would

appear as follows:

Cost

Length

Fig, 3 Regression Line

After proper refinements an estimated trunk sewer cost could be com-
puted by the simple procedure of substituting the proposed length into
the formula. This total correlation procedure is the basis for other,
more complex types of correlation,

Partial correlation is used to separate analysis of relationships

when more than two characteristics are involved. For example, the
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correlation problem stated above was to fine the relationship between
length and cost of sewer lines. Without narrowing the problem further,
the total correlation would be one between cost and length records of
all types of sewers. However, in working out the above example, the
problem was narrowed to consideration of four foot trunk sewers only.
Thus, the example given, while it is a total correlation of the four foot
trunk sewer problem, is only a partial correlation of the broader sewer
line problem which included all sewer lines,

Within the more narrow problem further breakdowns can be
made, so as to consider separately, for example, four foot trunk sewers
which have been constructed in rocky soil and four foot trunk sewers
which have been built in sandy soils. In the total correlation problem
only two variables were considered; cost and length. Then by the use
of partial correlation the size of pipe, a third variable, was held con-
stant for the purpose of removing its influence in the relationship be -
tween cost and length. And finally, the type of so0il {another variable)
was held constant so that its influence would not affect the relationship
between cost and length. Another possibility, using partial correlation
methods, would have been to hold length and soil type constant and
investigate the relationship between cost and size. The next possibility
would be to hold constant length and size while the relationship between
cost and soil type was analyzed. Thus, a whole series of correlations
can be found between various isolated characteristics within the bounds

of the total correlation,
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After partial relationships have been analyzed, there is often
reason to recombine them in such a way that the conditions of a new
problem can be simulated. Carrying out the sewer line example, the
cost of a sewer line is to be estimated. The partial correlations
between cost and length, cost and size, and cost and soil type enable
the cost for the proposed sewer line to be estimated. The process of
combining partial correlations is known as multiple correlation,

Statistical correlation is not limited to straight line relation-
ships. Curved relationships have been found to exist and they can be
correlated statistically.

To summarize the uses of correlation, it can be said that there
are three, First, correlation can be used to establish control over
experimental conditions, as was explained with the examples of partial
correlation. Second, it can suggest and test hypotheses about relation-
ships between variables, And third, the correlation relationships can
be used to predict conditions in practical situations in order to solve
problems,

Trend analysis. --Analysis of relationships involving time as one vari-

able is called trend analysis. Since time is not normally thought of as
a cause of variation in characteristics of other data, correlation coef-
ficients, tests of significance, and similar statistical tests of relation-
ship are not usually applied to the analysis of time series. Neverthe-

less, regression lines are fitted to time series data to indicate trends
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of variation which take place over periods of time, Time is an impor-
tant factor in much of the work city planners do. It is important, for
instance, in predicting population growth, economic growth, and traf-
fic growth.

Since trend analysis is such an important part of market studies
(because of its role in predicting supply and demand} an example of
market trend analysis is appropriate at this point. In trying to use sales
trends established from past records of a company, some researchers
have found that monthly estimates by salesmen were twice as accurate
as predictions based on the trend. They also noticed, however, that
sales tended to vary in a random manner around the trend prediction
while salesmen's estimates exhibited a constant bias, From these two
observations a new method of trend analysis was suggested. First,
sales figures for the past twelve months were used to determine a
trend line (by the regression line method used in correlation analysis).
Then the standard deviation of the twelve sales figures as they varied
randomly around the trend line was computed and two lines were plotted
parallel to the trend line at a distance (one above and one below) of two
standard deviations. Since chances of sales varying more than two
standard deviations are only 32 out of 100, these parallel lines were
used as the limit of expected random variation of the sales figures.
Whenever a new sales figure fell outside the limits, a forecast of

change in the market trend was made. Until a new trend was definitely
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established, the trend line was recomputed each month as new informa-
tion became available. But s0 long as the sales figures fell within the
limits of an established trend, no trend change was forecast, Within
the trend limits, salesmen's monthly estimates {adjusted for their
constant bias} were used for short term forecasts. Using this analysis
retrospectively over a seven year period, each trend change was cor-
rectly forecast before it would have been using other methods, and
the method proved itself in current use as well as in retrospect. Sub-
sequently, the method has been further refined. 22

The value to city planners of this method of trend analysis is
that it can be used to check on predictions. If, for instance, a plan
adopted by a city, programs a number of physical improvements based
on a specified rate of growth, a record of new building or occupancy
permits could be plotted on a graph showing the growth trend and the
limit lines and could be used to predict changes in the assumed trend.
As a result, the program of construction projects could be adjusted

more realistically to needs.

New Methods of Analysis.
There are a number of analysis techniques which have not

been generally available to city planners, a few of which are explained

- . 23

in the following paragraphs.

The new profession of operations research has repeatedly

been concerned with five recurrent types of problems, and consequently
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it has some well developed techniques for handling these problems. The
five types of problems are:

1, inventory

2. allocation

3. waiting-time

4, replacement

5. competitive,
Each type of problem has a relevancy to city planning and the operations
research methods of solution could become valuable techniques to be
used for planning problems,

Inventory problems. --Inventory problems grow out of industrial appli-

cations of operations research where questions involved are primarily
concerned with how much of an item should be ordered for production
or purchase and when the order should be given. The object is to
balance inventory costs against administrative, production, and short-
age costs so that the most profitable situation is enjoyed by the company.
Such a problem is analogous to the city planning problems of market
analysis and proposal of policies to stimulate or slow down certain
market processes in the city.

Two examples of city planning problems which can be treated
as inventory problems can be given. The first invelves zoning and
taxing policies. These policies can be adjusted from time to time so

as to regulate the amount of land available for urban development of
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one type or another according to demands for it mmnade by economic,
social, and other pressures. When the demand for urban land is low
or when it is desirable to limit the extent or urban development, zoning
the land for agriculture or very low density residential use will help
to hold the land in open use. A decision to hold certain lands open
could be reenforced, in addition to using the zoning policy just men-
tioned, by assessing the land for tax purposes at a low value which
reflects the fact that the land is limited to non-intensive uses., Analy-
sis as an inventory problem would be directed toward determining
when and where it would be most advantageous to the community for
land to be discouraged from free circulation in the urban land market,
The other side of the problem involving the land market is to
determine when and where land should be encouraged to circulate freely
and seek to be put to urban use. When it is determined that certain
land should become urban, zoning and taxing policies could be used to
encourage this. The land would be zoned for an intensive urban use
and assessed for tax purposes at relatively high values on the basis of

its potential urban use.

In addition to regulating the supply of land, problems of water
supply could also be treated as inventory problems. Inventory analy-
sis applied to the planning of water supply projects would benefit the
community by indicating when it would be most economical to build

additional facilities. On the basis of this analysis water projects could
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be recommended for inclusion in the capital budget with some degree
of confidence that the recommendation was sound economically. The
extent and timing of other public projects, as well, could be analyzed
scientifically if treated as an operations research inventory problem,
In both land supply and public works problems the most economic over-
all timing and extent of projects would be the ideal sought.

Allocation problems,. --Allocation problems ''arise when (a) there are

a number of activities to be performed and there are alternative ways

of doing them,and (k) resources or facilities are not available for per-

forming each activity in the most effective way. The problem, then,

is to combine activities and resources in such a way as to maximize

over-all effectiveness. ne4 The city planning application which comes

to mind here is in the preparation of the capital improvements program,
Capital improvement programs are the programs through which

many of the resources of a city are made usable. Consider the problem

of allocating the water from a limited supply to a number of different

uses. Since water is ordinarily distributed through a public system

of dams, canals, acquaducts, pipes, and so forth, the construction of

these facilities is at least a partial determinant of water allocation.

Part of the water could be directed to irrigation canals, part to

large industrial users, and part to the general domestic system of

the community. This is clearly an allocation problem with no obvious

answer, but it can be scientifically analyzed by mathematical and
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other methods which have been developed by operations research, 25

QOther resources, as well as water, present similar problems of allo-
cation. An important point to remember is that there are many kinds
of resources in addition to natural resources, and wheunever there is
a limited resource of any kind its allocation may become a critical
problem which could be best analyzed by the allocation methods of
operations research.

Waiting-time problems. ~-Waiting-time problems 'involve the arrival

of units which require service at one or more service units. n2é Either
service or served units or both may often be required to wait at various
costs to the waiting units. ''The problem is to control arrivals or to
determine the amount or organization of service facilities which mini-
mizes the sum of these”27 waiting costs. Traffic problems are among
the concerns of city planners which could benefit by application of
operations research waiting-time techniques.

Traffic problems may seem more the responsibility of traffic
engineers than the responsibility of city planners and to a degree this
is true. But the planner's interest is a broader one than the traffic
engineer's. In order to be able to recognize the need for new traffic-
ways and in order to recommend the type of trafficway needed, the city
planner must know, at least in a general way, what capacities can be
achieved on any given type of street, road, or highway. The experi-

ence gained from waiting-time analysis will determine these capacities
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to a large extent, and it may also lead to the discovery of new types of
highways which city planners will be able to recommend for improved
traffic carrying characteristics.

It should be recognized that problems of traffic capacity involve
more than engineering considerations. They involve basic policy ques-
tions about how long people in the community are willing to wait in lines
of traffic, and they involve also economic questions in the nature of
cost and benefit analysis. Such questions place limits on improvernents
to trafficways which affect capacity computations.

Since city planners have the over-all responsibility of planning
adequate systems of trafficways for communities, they should make sure
that waiting-time analysis is used to assess capacities of the trafficways
in the community. Without such analysis a city planner cannot predict
the need for new trafficways or the effects new trafficways will have on
the community, except in a rough rule of thumb fashion.

Any other service facility of a city could conceivably benefit
from analysis by waiting-time techniques. Mass transit systems,
swimming pools, parks and playgrounds, auditoriums, the central busi-
ness district, and employment centers all serve people, but the people
often must wait to be served. There is doubt that these facilities are
giving service in the most efficient way. Consequently, waiting-time
techniques are suggested as appropriate means of analysis with which

to seek improvements in service,
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Although the city planner may very well find himself unable to
carry through such detailed waiting -time analysis as would be neces-
sary, his basic interest in creating a city which can serve its people
efficiently should lead him to seek waiting-time analysis of his com-
munity. The important thing for city planners to realize is that waiting-
time techniques do exist and that they are indispensable to the kind of
analysis which will lead to design of efficient cities. The city planner
should satisfy himself that this type of analysis is being applied to the
problems of his city.

Replacement problems. --Replacement problems are problems which

are concerned with replacement of deteriorating or obsolescing items
in a way which will minimize the sum of the costs of maintaining old
items, the costs of loss of efficiency of old items, and the costs of
replacing old items. The current planning problems which could bene-
fit most if treated as operations research replacement problems are
urban renewal problems.

In order to gain full benefits from urban communities, old
sections must be continuously brought up to date. Otherwise they
become blighted and their condition influences nearby sections of the
community like a rotten apple affects other apples in the barrel with
it, It is a real problem to know when it is best to use techniques of
conservation, or the techniques of rehabilitation, or the techniques

of clearance. In city planning literature, comparative cost estimates
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demonstrating which treatment of an urban renewal project would be
most profitable in the long run to the community never appear. It
must be assumed, therefore, that such estimates are not made, The
magnitude of the urban renewal program is large enough to suggest
that millions of dollars may be wasted each year in the process of
rebuilding cities. Treating urban renewal problems as replacement
problems could conceivably lead to large savings.

Maintenance problems are special cases of replacement prob-
lems since they usually involve replacement of a component of a
facility rather than the whole. To give one example of possible city
planning applications, the street maintenance program of a city might
serve the people considerably better if the planning agency were to
study it as an operations research replacement problem, giving empha-
gis to the broad problem of efficiency, including such factors as auto-
mobile repair costs incurred due to bad roads, and shifts of traffic
to other routes, as well as public maintenance costs.

Competitive problems, ~-Competitive problems are ones "in which

the efficiency of a decision by one party is capable of being decreased
by the decision of another party. w28 Two types of competive prob-
lemns have been studied, 1) Game problems, in which the number
of competitors, rules of action, ocutcomes, and benefits of outcomes
are all capable of being specified, have been studied enough so that a

general "theory of games' has been developed., 2) Bidding problems differ
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from game problems in that the number of competitors is not usually
known, the possible actions are generally unlimited in number, the
outcome of actions can usually only be estimated, and the benefits of
cutcomes are not known with certainty; but nevertheless the beginning
of a theory of bidding has been started and already some useful tools
are available,

The realm of city planning in which competitive analysis
might be useful is in testing the effectiveness of proposed methods of
implementing public policies. In this problem the competitors might
be of three types: (1) govermnmental units, {2) special interests such
as builders, bankers, retailers, or industrialists, and (3) the general
public. Any public policy which is enforced competes against special
interests, certain members of the general public, or both in an effort
to protect the rights of the commmunity as a whole. In other words,
government seeks to set up rules and strategies which will enable the
community at large to win benefits in tke competition with individualistic
interests conceived without thought of the community interest.

To give a simple example, a builder may see his chance to
make an unusually big profit using inferior construction methods.
Since the profit motive is often the most important motive of a business-
man, it is natural for the builder to seek this profit. In doing so, how-
ever, he causes the community to suffer, The community retaliates

with building regulations,
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This is the beginning of a competitive situation, and it leads to
a sequence of questions. What will be the builder's reaction to the
regulations? Are the building regulations giving the community the
desired protection? Is the government defeating some community
goals, such as economical construction, by insisting on building regu-
lations which are more restrictive than necessary? How does the public
react to the regulations ? Can people afford to pay for buildings con-
structed in accordance with the regulations? Is it possible to enforce
the regulations ?

Game theory and bidding theory are appropriate tools with which
to investigate such questions. City planners should take the responsi-
bility of seeking scientific answers to the above questions.

Summary. ~--Real systermns of problems usually involve more than one

of these five problem types, The usual procedure in operations research
at the present time is to handle a system of problems as a mere sequence
of problems. But even so, operations researchers recognize the need
for developing models which incorporate different types of problems,
There appears to be no other way to arrive at true optimurm solutions to
a system of problems,

The problem solutions which operations research is able to pro-
duce very often are the results of applying especially powerful mathe-
matical techniques. To name a few of these techniques, linear, dyna-

mic, and quadratic programing are the mathematical techniques used
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to solve inventory and allocation problems. Waiting-time problems
require the use of queueing theory, sequencing theory, and line-balanc-
ing theory. The matheratical techniques of game theory and bidding
theory have already been mentioned in connection with competive prob-
lems.

Operations research is not limited to solving the five problems
mentioned here nor are the techniques mentioned necessarily limited
to use with a single type of problem., The success of operations research
lies with its ability to adapt techniques from one type of problem to
another. Imagination is the key.

City planners should keep abreast of new developments in opera-
tions research and of applications of its rnethods to city planning and
related problems so that they will be able to take advantage of the
promising techniques listed in this section of the thesis. But beyond
this, city planners should encourage research projects specifically

aimed toward developing city planning applications of the techniques.

Presenting Data {the Communication Function)
Presentation of data is more important than ordinarily realized.
Visualization in the mind of a city planner does not always come easily,
and especially is this true when new ideas are being explained or sought.
Flexibility, economy, and speed are all important parts of effective
presentation of data. Flexibility is important because it allows presen-

tation to take any form the mind can conceive. Economy is important
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because it removes the mental block {and administrative block) against
"wagteful frills' of presentation. And speed is important because it
helps the planner to reenforce his thinking as thoughts come to him,
instead of finding it necessary to slow his mental processes (and per-
haps forget good ideas) at a crucial moment of creativity. Thus it is
that effective presentation of data stimulates planning ideas while in-
effective presentation slows creative processes,

Experimentation in ways to present data, so they can be inter-
changed, compared, and contrasted with freedom, is an extremely
important tool of conceptualization. Ways of presenting data which
give planners a high degree of freedom could lead to very productive
thinking and even accidental discoveries.

In addition to aiding planners with their creative tasks, effec-
tive presentation of data aids planners who are concerned with the
everyday operations of assessing the progress toward implementation
of a plan and keeping track of crucial market conditions which might
call for public policy adjustments, Since planners are not able to have
first-hand knowledge of all occurrences having a bearing on planning
decisions, they must depend largely on the data presented to them,
They may need accurate data only annually or semi-annually, or
they may need it weekly, daily, or hourly, depending on the stability
of the situation and the ability to predict the future. The way in

which data are presented to planners concerned with everyday
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situations determines the planners’ concept of the situnation. Thus, it

iz important that the data presented to them be easily understood and
up-to-date., Again flexibility, economy, and speed are important factors
in the scheme of presenting data.

The above considerations haveled to the design and installation
of a 'planning control room! by the Ramo-Wooldridge Corporation. 29
The room is used primarily to give executives a clear overall concept
of the company's progress so that they have accurate, up-to-date infor-
mation on which to base decisions. BPBut, in addition, the room's poten-
tiality as an aid to the company's planning staff is recognized,

The planning control room is lined on three sides with 26 sliding
panels of various types and five fixed panels. All of these panels are
specially adapted to one kind or another of visual presentation of data.
Most of the panels are four and one half by six feet. Altogether there
are '""711 square feet of representation surface, any part of which is
immediately available. 30 Twenty additional panels can be substituted
for other sliding panels in a matter of several minutes.

Five different types of panels are used in the planning control
room, Specially finished masonite panels are the basic unit, com-
prising about three-quarters of the total number of panels. They can
be marked with grease pencils and other devices, and can be easily
erased. The masonite panels are used for numerical tabulations,

graphs, and many other kinds of visual representation.
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Changeable-letter 'menu boards'' are used to present tabular
data composed of many frequently revised numbers.

The magnetic boards which are used are especially well suited
to presentation of bar graphs, organization charts, irregular forms,
and other special objects which can be held to the board by a magnet.
One unique advantage of the magnetic boards is that whatever is dis-
played on them can be moved easily to a different position.

Chalk boards are another type of panel used.

Transparent panels are used when overlays are needed as a
method of direct comparison of information, and a projection screen
is provided for the showing of photographic films.

Beaver board panels, though not used in the Ramo- Wooldridge
room, would be useful for displaying maps.

Most of the planning control room panels at Ramo-Wooldridge
are inconspicuously marked with a grid system to aid in setting up
displays in a hurry. Generally, all the displays are graphically pro~
duced, in the planning control room directly on the panels, at great
savings in time. All the displays can be revised or erased easily
and quickly., Also, all the displays are made so that black and white
photographs of them will be readable. Such photographs can be dis-
tributed for detailed study by individuals without great expense or
delay in time.

The cost to Ramo-Wooldridge for installing the planning control

room in its offices was $6,500 and its monthly operation, exclusive of
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salaries, is about $50. Such a small cost is hardly indicative of the
great value of a planning control room. City planning agencies would
do well to put more emphasis on these valuable methods of data pre-

sentation.

Case Studies (a Supplement to Statistics)

Statistics do not always give the kind of information that is
needed. It is the purpose of statistics to summarize data in such a
way that meaningful generalizations appear. But there are times when
a generalization is not sufficient. Details have their importance also.
It is often true that the meaning of a generalization is not apparent until
the details behind it are fully understood. At other times, only an inti-
mate knowledge of details can suggest any generalization at all. And
then again, there are subjects about which so little is known that there
are not nearly enough facts available for a generalization; only a study
of particular details is helpful. In all these instances, case studies are
needed. 31

Case studies are individual studies, describing situations in
great detail, and focusing, not on the description itself, but on the
problem being studied. Of course, the degree to which the case can
be focused depends on how well the problem has been formulated,
Facts are selected objectively and the description is made as realistic

as possible. Accuracy in reporting is extremely important to the

usefulness of case studies. Often case studies are undertaken in
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situations where the reliability of different sources of information is
not known, In such cases cross checking of information, using several
sources, is required. Cross checking is also highly desirable among
the personnel conducting the case study to see that their biases are not
damaging the objectivity of the study.

A number of methods are used for conducting case studies,
and cornbinations of them are also used. 32 In some situations written
materials such as newspapers, diaries, letter files, etc. are the only
sources used. In other situations interviews are used extensively. In
s5till other situations observers at the scene of action are used. If the
observers participate in the action as members of the group being
observed, the method is called the participant-observer method; other-
wise the method is called the nonparticipant-observer method., In
some case studies untrained members of groups have been asked to
record their observations of the situations they have been in. Other
studies have used only trained observers in the use of participant-
observer methods. Anthropology, sociology, business and public

administration scholars have made the most use of case study methods.

Summary
Summarizing this chapter on "Inventory and Analysis of a
City's Resources® can best be done by presenting a short sketch of
a typical data processing system. In diagrammatic form the data

processing system appears as follows.
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Fig. 4 Typical Data Processing System

Source: G. Kozmetsky and P, Kircher, Electronic Computers and
Management Control. New York: McGraw-Hill Book Company,
1956, p. 19,

More will be said in Chapter II about the details of how compo-
nents of an electronic computer operate in the various parts of the
block diagram above. Only a general idea will be given here. Input
components vary all the way from keys similar to those of a desk cal-
culator to completely automatic machines which record data directly
at its source and transmit it to the computer in a code the computer
can understand. The computer itself stores information for use at
a later time, performs arithmetical and logical operations, and operates
in accordance with built-in controls. Output components transmit the
results of the computer's work from the computer to a machine which
decodes the information into an understandable report which is then

displayed.
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In this chapter the three major sections (basic studies, market
studies, and presenting data) correspond to the three stages of the
data processing system just described. The basic studies section is
concerned with getting data together and ready for analysis or proces-
sing. The market studies section is concerned with analyzing the data
to find comparisons and relationships and to solve problems, And
finally, the data presentation section is concerned with making the
results of analysis available to city planners, administrators, and

others in useful ways.



CHAPTER II1
CONTINUING INVENTORY AND ANALYSIS

"The planning agency should perpetually scan the community for
indications of maladjustment. 1l With this statement Martin Meyerson
sums up his idea of the pulse-taking function. It is his idea that city
planning agencies can recognize problems in the operation of commu-
nity markets, before they gather momentum too great to stop, by mak-
ing quarterly or other periodic reports on such subjects as '"Failures
of firms, increased congestion, incipient changes in land use, ]___and_7
new demands for services. n2 In addition to determining needed altera-
tions in the community, the purpose of investigating these subjects would
be to focus attention on public policy for remedial action, The pulse-
taking function would spearhead policy as well as technical decisions,
Through the pulse-taking function, city planners ought to anticipate
problems so that they are able to correct situations before a crisis
confronts them,

As in Chapter II it is assumed here that the term "community
markets' refers to the means of distributing all kinds of resources
in the community. Also it is assumed that the pulse-taking function
is more of a warning device than a device for final diagnosis and analy-

sis of problems, In some cases the pulse-taking data may be so well
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incorporated into certain market theories thatno additional analysis
will be needed. But normally pulse-taking will only supply data which
indicate that more study is needed on the problem. Specifically, in
cases where it is not economical to keepiinventories of resources
completely up-to-date, trends might be established for the varying
status of a resource and extended into the future with the idea that
rough indicies of the resource be kept perpetually for comparison.
Plans based on the established trends would continue to be executed
so long as the indicators confirmed the trends, but as soon as the
indicators began to disagree significantly with the trends, a complete
revision of the inventories involved and reappraisal of plans would

be called for. With a system like this in operation many cities might
need complete inventory surveys no more frequently than at ten

year intervals, and perhaps these surveys could be done as part of

regular census enumerations.

Analogy of Quality Control

The pulse-taking function of city planning is analogous to the
guality control function of industrial engineering in that both are
processes of measuring repetitive events, as they happen, for the
purpose of evaluating the events and controlling them in so far as
possible. A brief description of quality control is given below.

The description is intended to introduce this potentially useful concept
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into city planning literature in order to help clarify the purpose of the
pulse-taking function and to stimulate further study of the concept and
development of techniques applicable to city planning.

Industrial quality control is based on statistical sampling pro-
cedures which have been simplified to an easily applied routine, 3 A
device called the control chart graphically depicts production samples
in a way which makes it easy to see when production goes out of con-
trol or is about to do so. The control chart idea is very similar to
the market trend analysis procedure described in ChapterIl, except
that control charts depict samples instead of complete records of
sales. Similar to the trend line of the market trend graph, the mean
line of the control chart specifies expected occurrences. Above and
below the mean line (three standard deviations for most industrial
applications) limit lines are placed to warn of poor control in quality,
When production samples fall outside the control limits or when a
number of consecutive samples fall on one side of the mean line, it
means that something is causing loss of control which will result
in deviation from production specifications. A production operation
which is under control is one in which deviations from the mean are
random, that is, caused by chance. Thus, the distribution of samples
around the mean should approximate the normal distribution curve
when production is under control, If the distribution is skewed, a

preventable cause is assumed to exist,
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Following are two control charts, The first depicts controlled

production and the second depicts production which is out of control.
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Fig. 5 Control Charts Used in Industrial Quality GControl

Applied to the broad field of market analysis described in

Chapter II, the control chart idea could he used as a2 convenient

method of graphic analysis to show when samples of market charac-

teristics indicate the presence of causes bringing about change in

market trends.

Each sample of market conditions gathered could

be plotted on a control chart, the mean line of which represents

an adopted standard of lot size, floor area per dwelling unit, park-

ing space per retail establishment, or some other specified item

which the planning agency wished to control., The standard could be
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either a formally adopted one (an ordinance) or merely an experimental
specification used for comparison with uncontrolled occurrences. Pre-
sumably the formally adopted standard would be enforced, as for in-
stance minimum lot size is enforced under zoning regulations. How-
ever, if forces in the community were effective in raising or lowering
the average size of lots {or other specification) the samples waild be
recorded in a skewed pattern on the control chart, Whereas random
variations would indicate only normally expected exceptions to the
specification, skewed variations would indicate specifications having
standards too low or too high, poor zoning administration, or other
causes of bias against the specification. Thus the control chart could
be used to evaluate how realistic or how effective planning controls
are. The analysis could then be used as a guide to improving enforce-
ment of control measures or readjusting the standards of control. On
the other hand, if standards specified on the control chart are merely
experimental rather than adopted policy of the city, control chart
analysis could be used as an aid in establishing realistic standards to
be included in new ordinances.

Conceptually at least, industrial quality control methods may
provide an important tool through which the pulse-taking function of

city planning can become effective.

Selection of Data Series

Suitable data series form the basis of the pulse-~taking function.
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As in the quality control example of pulse-taking mentioned above, the
whole analysis depends upon the sample data, because without data
there can be no analysis., The problem to be considered next is the
problem of selecting suitable data series which can be used in the
pulse-taking function.

Data series to be compiled in the pulse-taking function must be
manageable, If they cannot be kept up-to-date and always available,
there is no real pulse-taking function in the community.

The cost of compiling data for pulse-taking purposes could
become prohibitive if the most economical sources are not used, be-
cause it is a cost which adds up day after day, year after year. For-
tunately there are a number of sources of information, in most com-
mmunities, available for the asking. Considering the housing market
alone, the following types of data are being compiled in various com-
munities and are likely to be available to planning agencies free of
charge. 4

From government sources there is information available on
new construction as indicated by building permits, VA and FHA loan
applications, and recorded subdivisions. Public deed records show
real estate sales and public housing records give information as to
vacancy rates in public housing units. Public records show economic
and population trends in school enrollments, employment and unem-

ployment figures, births, deaths, and marriages, Sales tax records
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also contain valuable economic information. Electric power companies
are usually willing to supplement the above information with figures

on electric meter connections, installations, and idleness to indicate
housing construction and vacancies. Newspapers reveal information
on prices of existing homes advertised for sale, and apartments and
homes advertised for rent. Real estate boards and telephone and gas
companies can also supply useful information, Other sources of infor-
mation available to planning agencies without charge can be found in
most communities and they are worth looking for.

Although it may not be practical to compile a large number of
different types of data, an inadequate data handling systerm should not
be allowed to handicap the city planning agency unnecessarily, It is
almost inevitable, however, that all the data desired cannot be com-
piled. In this situation it is important to decide on the most meaning-
ful data and the most econormical way to compile themm. A good ex-
ample of this can be drawn from the realm of housing market analy-
sis where the single most important factor to keep track of is vacancy
rates. The most meaningful type of information, then, is information
about vacancies. Vacancy information can be gathered by census
procedures or sample surveys, but one of the most economical ways
to gather it is by using electric power company records of idle meters.
Thus, for the sake of economy, vacancies as indicated by idle meters
could be substituted for the entire list of information types and scurces

described above. >
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Indicators of conditions in markets other than housing markets
can be found and added to the list of pulse~taking data series. By
adding to and revising this list from time-to-time, the planning agency

can develop an effective routine for pulse-taking.

Indices

Indicators of market conditions are called indices. The basic con-
cept of indices is not difficult to grasp. As a matter of fact it has already
been illustrated in the discussion about using idle electric meters as a
measure of housing vacancies, An index measures one thing, and from
it can be inferred the measurement of another. The housing vacancy in-~
dex, for example, measures the number of idle meters and from this
measure an inference is drawn as to the number of vacant houses or
dwelling units.

All indices are not as simple or direct as the idle meter index.
The idle meter index uses only a single factor, but many other indices
use a number of factors to make up compound indices. Economic indices,
for example, often have compound structures. The cost of living index
considers, as factors, current retail prices of a number of different
items of food, clothing, household supplies, and other commodities
which the "average family" is believed to use. The index is arrived at
through combining the factors into a single number which is the index.

Index factors may be combined by simple addition, by weighted
addition, or by simple or weighted averaging. To illustrate, consider

the index factors 1.0, 1.5, and 1.6. Gombining these three factors by
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simple addition, the result is an index of 4.1. Simple addition is used
as a method of combining index factors when each of the factors is felt
to be as important to the total index as the others.

However in cases in which the facotrs have differing degrees of
importance to the total index, a percentage weight can be assigned to
each factor before they are combined into the total index by addition.
For instance, if the first factor is taken as a standard, if the second is
considered to be only half as important, and if the third is twice as im-
portant as the first, the weights would be 100 per cent, 50 per cent, and
200 per cent respectively., Multiplying each factor by its weight and add-
ing the three weighted factors together, the total index is found to be 4, 95.

If it is desired to express the total index in a number of the same
general magnitude as the factor indicies, the total index can be expressed
as an average of the simple or weighted factors., To accornplish this
all that is necessary is to divide the addition indices, found above, by
the number of factors included in the total index. Carrying this through
the simple average is found to be 1.37 and the weighted average is 1, 65,

Further variations can be obtained by expressing indices in
standardized or relative forms as well as in the units in which the
data are collected, For instance, if the idle meter index were to
be expressed in standardized form its units might be number of

idle meters per 100 installed meters. Whereas if expressed in rela-
tive form its units might be the ratio of percentage of idle meters in

one area compared with the average percentage of idle meters in all
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areas, Of course, the unit of measurement in which the idle meter data

are collected is simply the nurmber of idle meters. The form in which

indices should be expressed depends upon how they are to be used.6
An adequate set of indices, properly expressed, is a basic re-

quisite of the pulse-taking function, but their real usefulness depends

upon data collection,

Data Collection

Some methods of data collection have already been mentioned in
Chapter I including questionnaire, interview, participant observer
and non-participant observer, and document or records examination
methods. The field survey, usually referring to observation of in-~
animate objects or agricultural crops or animals,is another method.
It is a standard method of collection for such data as those pertaining
to mapping and land use. All these methods and similar ones are
manual, and, therefore, they are costly and time consuming.

With the advent of electronic data handling equipment, new
methods of coliecting data automatically are becoming available. A
few automatic data collection methods will be described in this sec-
tion. First, however, the idea of compatible data deserves attention,

Since the prime purpose of data collection is to make data avail-
able for analysis, it is important to assure that data are compatible
with easy compilation techniques. Data which are collected with a

single use in mind often are very hard to use in other ways. A great
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deal of effort may have to be expended to ready the single purpose data
for another use, and it may even be necessary to collect the data again
from their source, Frustration and waste of time and money result,
A case in point is the normal method of recording land use data.
The type of use, the amount of land, the location of the property, and
other pieces of information are normally recorded only on maps. The
type of use may be generalized in order toc fit nicely into a convenient
color code on the map while the amount of land may be expressed only
graphically instead of numerically., Location may be given only by
position on the map rather than by neighborhood, census tract, and
parcel numbers. This means that if a tabulation of land areas devoted
to a certain type of use in some particular area of the city is desired,
it would be a major undertaking to get it, First of all suppose the type
of land use being studied is more specific than the general type shown
on the map; a new field survey may have to be made. Assuming, how-
ever, that land use categories on the map are satisfactory, the areas
of all the properties in proper categories will have to be measured,
computed, and added up. To make sure all properties used in a
certain way in a certain part of the city have been included in the
classification is not always easy either, Even supposing that the
map shows neighborhood, census tract, and parcel nambers, careful
checking and cross checking are required to prevent mistakes. In-

formation recorded on maps is not compatible with quick, efficient
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tabulation requirements, and data gathered with nothing more in mind
than map making do not encourage experimental tabulations. The

only tabulations made of these inconveniently expressed data may very
likely be those which are absolutely required, This situation stifles
research and leads planners into relatively unproductive routines
which produce stereotyped plans.

Another familiar example of data incompatability is evident in
areas which include several political jurisdictions. Any analysis of
land use controls in a metropolitan area would lead naturally to a de-
sire to tabulate land according to types of zoning districts, Unfortu-
nately, it is very seldom that any two different political jurisdictions
will have comparable districts. Consequently, the natural desire for
this type of analysis has to be abandoned, or, at best, carried out
under a handicap which seriously damages any conclusions which may
be reached.

Social scientists have already recognized the need to have com-
patible data from city after city clear across the nation. 7 Only under
such conditions will it be possible to derive scientific generalizations
about urban phenomena, Thus, there is another demand on data col-
lection,

To assure useability of data, they should be collected in com-
parable units of measurement and in versatile media, This is a

matter of measuring and recording data in convenient units so that
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they will have the greatest possible usefulness in the data handling
systermn which will process them,

Establishing comparable units of measurement is argued for by
Robert M. Sparks in his article titled "The Case for a Uniform Land
Use Classification. n8 The main points in the argument are as follows,
Current land use research is handicapped because of incomplete and
incompatible data. More adequate land use research depends upon
a uniform land use classification which will enable data from the
various urban areas of the United States to be compared. Compara-
tive research between cities cannot be put off forever; and, this being
the case, a uniform land use classification must be adopted.

Versatile media for recording data are available primarily as
input records for computers. IBM cards, paper tapes, magnetic
tapes, and even microfilm media may be suitable for recording city
planning data in readiness for processing by the computers. IBM
cards are the most widely used of these media and they are easy to
use. In the problem of tabulating areas devoted to various land use
types, IBM cards would be a much more suitable. media for data
records than maps. A few instruction cards could be fed to an elec-
tronic computer along with cards containing the use, area, and loca-
tion data and in a matter of minutes the desired tabulation would be
complete. Many types of information could be entered on the cards

and various tabulations and cross tabulations could be made available
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any time they were desired. This ease of tabulation obviously holds
an advantage over the typical method of tabulating information which
must be painfully drawn from an ordinary land use map. %

The Tulsa Metropolitan Area Planning Commission has recorded
basic data on a series of IBM cards with a '"'separate card for each
parcel of land under separate ownership or that portion of the parcel
in one zoning district in the Tulsa Metropolitan Area. ") The data
recorded include location, parcel dimensions and area, land use,
information about buildings, assessed value of land and improvements,
homestead exemption, and zoning. The Tulsa experience shows that

an IBM system of recording data is practical.

Sampling 10

Data collection is very often done on a sampling basis to save
cost, From a well chosen sample of appropriate size the whole
universe, which the data samples, can be described with a high degree
of confidence.

Two major types of sampling are used and both assume random
choice of data at one stage or another so that chance can be said to be
in operation and probability theory will be applicable in the analysis of

the data. The applicability of probability theory is important because

*Even though maps are inadequate for purposes of statistical
analysis, it is not meant to deny the advantage maps have in terms of
visual presentation. Other media merely supplement maps.
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the accuracy of the sample can be assessed by probability theory.
Without probability theory the accuracy of the sample remains unknown,
Random sampling and supplementary techniques for eliminating
bias in samples constitute the major problems in sampling. There
are a number of ways to make random choices of sample units. The
simplest and most obvious is by flipping a coin, Two other methods
available involve the use of tables of random numbers or electronic
random number generators. If a high degree of confidence is needed
in a sample, the use of technically trained personnel is required.

Random sampling.-~The simplest type of sampling is that in which

all the data are chosen at random from the universe as a whole. This
is called, simply, random sampling. The basic requirement is that
each unit in the universe has an equal chance to be chosen as part of

the sample, thereby ruling out bias. Random sampling is most appro-
priate to small universes or large universes about which little is known,

Stratified sampling. --The second major type of sampling, called strati-

fied sampling, is useful primarily with large universes which are
relatively well understood. The chief value of stratified sampling is
that it can use a smaller number of data to match the accuracy of
random sampling. In other words, stratified sampling is more eco-
nomical than random sampling,

The differentiating characteristic of stratified sampling is that

the total universe can be divided into subuniverses which are fairly
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homogeneous in significant characteristics. Selection of valid sub-
universes requires a considerable knowledge of the total universe
because it must be shown that the subuniverses are meaningful in
relation to the problem about which the sample is to gather informa-
tion, Stratified sampling can be used only when the validity of sub-
universes can be demonstrated.

By taking random samples from each subuniverse the total sam-
ple can be reduced in size because there is no chance of the total not
including data representing each subuniverse. If a random sample
of the universe as a whole were taken, the size of the sample would
have to be enlarged to increase the chances of including representa-
tives of the subuniverses.

Within the subuniverses there is need to take only small samples
because the subuniverses are homogeneous with respect to their sig-
nificant characteristics. The more homogeneous the subuniverse,
the less need there is for a large sample to be taken from it to repre~
sent it adeguately. Nevertheless, even a subuniverse sample cannot
be reduced below ten cases if it is to remain reliable, This is one
reason for applying stratified sampling only to large universes.
Another reason for applying stratified sampling to large rather than
small universes depends upon the number of subsamples. Too many
subsamples, even.at the minimum size, would require a large total
sample which might no lenger hold an advantage over the size of the

corresponding random sample,
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The point to remember is that stratified sampling is only a device
for reducing sample size without damaging the reliability of the sample,
If the resulting sample cannot meet this test random sampling should

be used.

Integrated Data Processing Systems

As soon as data are collected, the problem confronting city plan-
ners is to process the data efficiently., To meet this problem an inte-
grated data processing system should be prepared to accept the data

11 The integ rated data processing system performs

and process them.
three types of activity:

1. direct transfer of information,

2. combination of information into reports

and

3. decision,

The flow of data through all parts of the system is the critical
element of design in the integrated system. Efficiency depends upon
routing data (expressed as simply as possible) most directly among
the least required number of users. There should be a definite use
of data made by each recipient, Otherwise there is lack of efficiency.
Capacities and processes of the integrated data processing system

should be adapted to the ability of the originator of information, to

the form of the message, and to the need of the user., Gombination
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of information and decision activities should not be allowed to interrupt
the flow of data unnecessarily. Decision activities take more time and
attention than information activities which can normally flow rapidly,
As a result, if information flow is tied to decision making, the infor~
mation flow may be slowed considerably. On the other hand, unneeded
information flow through decision channels tends toc slow decision
activities by increasing the work load in those channels, Designing an
efficient integrated data processing system is another highly technical
job on which city planners need the aid of specialists.

Three types of integrated data processing systems are possible:
manual, partly mechanized, and automatic. Manual data systems are
the type normally used, All of the data are gathered, reported, and
analyzed for decision content by people. In the partly mechanized
systems one or a few phases of the data processing are handled by
machines. And in the automatic systems all phases of the data pro-
cesasing are handled by machines., Automatic data processing systems
are the basis of automation.

Regardless of the advantages of automatic systems in speed
and accuracy, manual data processing systems may still be the
most economical systems in situations where the number of data
is small and the required personnel are available at reasonable
salaries. Manual systems can be augmented with such devices as

adding machines, desk calculators, and McBee Keysort cards.
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The Keysort cards are designed to be punched around the edges
to allow them to be sorted more quickly than otherwise. Each card has
a row of numbered holes near its edges. Using a numerical code, infor-
mation can be recorded on the cards by punching the edges of them to
open the holes to the edges. Then, when a needle is inserted through a
hole of the desired code number in a deck of cards, those cards which
have been punched at that hole can be shaken out of the deck, The cards
which fall out all have the characteristic indicated by the code and the
process can be repeated to yield complex classifications of characteristics,

A partly mechanized data processing system is reported by the
Baltimore City Health Department, 12 As part of its record control sys-
tem for housing law enforcement activiies, the Health Department uses
two series of IBM cards. The first series records‘ daily inspection and
clerical activites so that they can be quickly tabulated as a progress re-
_port of the Housing Bureau. The second series records such things as
identification of the property