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TRANSPORT INPUTS AT URBAN RESIDENTIAL SITES
A Study in the Transportation
Geography of Urban Areas
CHAPTER I

INTRODUCTICN

The large urban center represents one of the highest
levels of spatial organization observable today, and the
maintenance of this ievel of organization 1s dependent upon
the efficient functioning of the city's transportation system.1
The flows of goods, people, and other less tangible ltems which
take place within this system are & result of the high degree
of specialization which characterizes our modern economic
system. '

Spatial agglomerations of people largely engaged in non-.
agricultural activities have existed for thousands of years,
put the rapid urbanization of large portions of the western
world has been a phenomenon of relatively recent years. Medl-
eval towns were small and at first were bastions of defense or

centers of administration for surrounding agricultural areas.

lmhe importance of the role of transportation 1s pointed
out in: Edward L. Ullman, "The Role of Transporation and the
Bases for Interaction," in William L. Thomas, Jr. (ed.), Man's
Role in Changing the Face of the Earth (Chicago: University of
Chicago Press, 1956), pp. 862-880.




There were few problems of goods and persons' movements with-

2 By and large, there was no spatial separation of

in towns.
home and work, and people had few social contacts to draw them
to other parts of the city.
- Separation of home and work occurred when the new
industeialism brought higher levels of specialization which,
in turn, demanded the concentration of large masses of workers
in a single location. As time passed, rapid technological ad-
vances taking place in transportation began to make themselves
felt in segregation of land uses withlin the city. Workers no
longer needed to live within walking distance of their places
of employment, and residential developments grew up in areas
at some distancé from the older sections of the city.

As the city developed, the complex of areal speclal-
ization of activity, spatial segregation of land uses, and

sheer size increased both the volume and the importance of the

movement of persons and goods in the life of the city;3 The

2Although this was true in general, one case to the
contrary might be cited. In ancient Rome traffic congestion
grew so severe that Caesar in 46 B, C. restricted the use of
streets during the daylight hours to the movements of persons.
No goods carts were allowed into the city during the day, and
those that had entered the previous night were compelled to re-
main stationary after dawn. See Jerome Carcopimo, Dally Llfe
in Ancient Rome (London: n.p., 1941), pp. 48-51.

3This growth has brought with it certain problems of
congestion, standards of efficlency, etc. See ¥ilfred Owen,
The Metropolitan Transportation Prcblem (Washingtcon: The Brook-
Ings Institution, 1950).




nature of some of these flows, and the factors which condition
them, have been the subject of study at varilous times.4 How-
ever, most of these studies have been directed toward analysis
upon a highly aggregative level, and the analysis of the be-
havior patterns of individual decision-making units has been
largely neglected.

Households must undertake movements within the urban
transport system because the maintenance of thelr very exlstence
requires them to interact with spatlally separated activities.
The movements of the individual members of the household may
be thought of as generating the transport inputs which are
necessary for the continued functioning of the household.

While many of these movements tend to be routine and
repetitive in nature, they represent the interactions which
meke the city a functional unit. Yet, despite thelr obvious
importance, geographers have largely neglected them, and cur-
fent information regarding their nature and the factors which
condition them 1s slight.

The study reported upon here examines the factors which
influence varlations in the level of transport inputs from
rousehold to household. Chapter II contains a discussion of

certain scattered and unarticulated theoreticai donstructs

uSee for instance: Jerome D. Fellmann, Truck Transpor-

taticn Patterns of Chicago University of Chicago, Department
oF Geography, Research paper No. 12 (September, 1950?%




which bear upon the problem. A very limited number of em-
pirical studies is available and Chapter III contains a review
of their findings and an attempt to articulate them with the
theoretical constructs reviewed in Chapter II.

As a result of the analysis of previous work three
factors which influence the level of transport inputs are de-
fined. In Chapter IV these factors are used in an effort to
explain observed variatlons 1in the transport inputs to a sample
of households in Cedar Rapids, Iowa. Chapter V contains a dis-
eussion of certain theoretical implications of the study, and
present a tentative analysis of the decision-making process

of the individual moving in space.



CHAPTER II
RELEVANT THEORETICAL CONSTRUCTS

The strueture of transport inputs to individual house-
holds, or the demand for travel by consumers, has received
1ittle attention in the past. Theoretical constructs pertinent
to this topic are few in number and, unfortunately, are gener-
ally not articulated with each other. This chapter contains a
review of currently available theory and attempts, from this

review, to construct an articulated theoretical structure.
Contributions of General Location Theory

General location theory represents an attempt to explain
the influence of space upon various forms of human social and
economic activity. The current status of the body of knowledge
pertaining to this topic 1s summarized in recent works by Isard
énd Lefeber.1

The amount of specific information about patterns of
individual behavior in space which may be obtained Irom this

body of theory is unfortunately very small. However, general

lyalter Isard, Location and Space-Economy (New York:
John Wiley & Sons, 1956), Louls Lefeber, ocation in Space
(Amsterdam: North-Holland Publishing Co., 1958).




location theory does provide a set of organizing concepts
which have proved invaluable in the past, and which we may
weii expect to be of considerable use in the present analysis.
A review of these general concepts would be impractical in
the present context, and therefore attention will be directed
toward those portions of this body of theory which deal
specifically with the topic of transport inputs to individual
households. '

Although emphasis in location theory has been upon
models dealing with higher levels of aggregation than the
jndividual decision-making unit, Isard does point out the
operation of scale and substitutlon effects in determining

patterns of consumer behavior.2 He also emphasizes how little
18 known about individual behavior in space when he says:
From the standpoint of soclety, however, when

consumers are actively responsible for the transpor-
tation of the item, another set of transport inputs
may be involved. If the consumers are other pro-
ducers farther along in the stage of manufacture,
then this transportation appears as transport lnputs
on raw material from a point source in these pro-
ducer's calculations; and again no extension of our
analysis 1s required. On the other hand, if con-
sumers are households, we are not able thus far to
account for the transport inputs for which they are
actively responsible. To do SO would take us into
the realms of sociology and social psychology.3

Isard emphasizes here his idea that spatial relation-

ships are not the only factors of importance in determining

20p. cit., pp. 87-88.
3mpid., p. 144,




the level of transport inputs to a household or individual.
Different individuals placed in the same spatlal situatlon,
with identical levels of information, may behave differentiy.
Isard postulates that these differences in spatlal behavior
are associated with differences in the space preferences
(desired levels of social contact) of the individuals. These
space preferences are held to be determined by social and

psychological factors exogenous to the spatial system.
Troxel's Theory of Demand

One exposition of the theory of the demand for travel
by individuals is that presented by Troxel.4 His analysis
deals only with certain movement types, specifically regﬂlar
patterns of person movements defined on the basis of the
individual person or household. Among the movement types
specifically excluded are those which are directly associated
with the movement of goods, as well as movements for govern-
mental and milltary purposes.

Basic to Troxel's discussion are four major concepts
pertaining to the movement of persons. These concepts are:
(1) the home as a base, (2) the round trip unit of travel,
(3) the differentiation of travel purposes, and (4#) recurring

N
Emery Troxel, Economics of Transport (New York: Rhine-
hart & Co., 1955), pp. IFE-168.



patterns of movement. The demand for movement in space is
viewed as originating in either a point or some other limited
ares in space. Many demand points exist elther potentially
or actually in any sizable land area, and convenient identl-
fications such as home, farm, factory, etc., have been glven
to them., Home locations are common organization points in
family and community life, and they are frequent reference
points in the actual behavior of travelers. Thus, the home
may be recognized as a basic starting and ending point in most
Journeys.

Given the concept of the home as the primary demand
point in the movement of persons, travel is then expressed
primarily in terms of round trip movements to and from this
point. A person or household has a desire to go out from the
home location and to return to it, and within this structure
most trips by persons may be considered as round trip units
of travel. It should be noted that the definition of a trip
as posed by Troxel differs radically from most other definitions.
To the traffic engineer and planner, & trip is commonly con-
sidered to consist of the movement between two stops made for
the attaimment of some purpose. Under this latter definition,
a person going from homé to a grocery store, hence to a drug
store, and then returning home would be considered to have made

three separate trips rather than one round trip with multiple

stops.



The trip end points beyond the home afford a variety
of products and services, and persons show a willingness to
move dlfferent distances and to incur different time outlays
for different end results. This has been observed empirically
many times (see Table I). There seems to be a definite differ-
entlation of travel purposes in terms of both frequency of
occurrence and distance traveled.

Movement through space requires the expenditure of some
amount of time by the traveler; an amount of time that varies
with the dlstance traveled and mode of travel. Movement
occurrences tend to be expressed repetitiously through suc-
cessive time periods, and the week period appears to be a
common one in family travel patterns.

The sources of the demand relation for movement are the
products of being at home and not at home--the difference be-
tween what may be obtained away from home and what must be
foregone at home and vica versa, since a person or hcusehold
foregoes something that is obtainable at home during the amount
of time used traveling away from the home location. In the
following discussion it is assumed that residential locations
are given, no diétinctions are made between transport tech-

niques, and no specific time period 1s designated.

The Total Travel Product

The total anticipated product of travel for a person
or a household commonly varies with the total time that the
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TABLE I
TRIP PURPOSES AND DISTANCES IN FOUR STATES*

Average Trip Vehicle Number of

Purpose Length Miles Trips
(Miles) {Percent) (Percent)

Shopping 3.7 6.0 13.4
Educational, Civic,

& Religious 5.0 2.8 4.6
To and From Work 5.9 22.7 32.2
Business and Farming 10.4 21.3 17.0
Pleasure Riding 13.0 14.1 9.0
Medical and Dental 15.5 2.5 1.3
Vacations 249.7 4.8 0.2
Other Purposes -- 25.8 22.3;

* Adapted from material in Thurley A. Bostlick, Roy T. Messer,
and Clarance A. Steele, "Motor-Vehicle-Use Studies in Six
States," Public Roads, 28: 99-125, (1954).
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person or family 1is absent from the home loéation. The total
product of travel--the income from more hours of work,
shopping bargains from more searching around, and the many
other factors--increases as time away from home increases.
But the total travel product, as suggested 1n Figure 1, pre-
sumably increases more slowly after some limit of elapsed ”
time is reached. This decreasing amount of increase may be
inferred in part from differences in travel purposes. In
Figure 1 the order 1is from the largest to the least travel
product per successive time unit, i.e., a maximum travel
product is obtained at any limit of elapsed time. Taking the
most productive purposes first and distributing his time and
movement in some order of product expectatlion, the traveler
cémes to lesser purposes in the later time units. Decreasing
amounts of total products may be inferred, too, from the
probabllity of less satisfaction from successive time units
that are devoted to the same travel purposes. As 2also 1llus-
trated in Figure 1, the speed of available movement affects
the anticipated travel products in relation to the availlable
travel time. A higher speed (or any other increase in the
efficiency of the t{ransport system) allows the traveler to

achieve more purposes or tc obtain more products withlin any

trip purpcse *n a given time period.
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At o Faster Speed

'_ At an Availcble Speed

Total Travel Products

o

Elapsed Hours of Time —_—

Total Travel Products

FIGURE 1

o Total Loss of At-Home Sotisfoctions — e

Total Travel Locses

FIGURE 2
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Deductions from the Total Travel Product

Implicit in the foregoing discussion 1s the idea of
deductions from the total travel product. Travellng 1is not
all profit; the traveler must deduct for losses of products
or satisfactions which would be generated by remaining at home.
This loss curve is displayed in Figure 2. In consequence of
the rational behavior of the traveler, thé curve of the losses
in totai satisfaction shows increasing amounts of 1lncrease as
the elapsed time increases (it should also be recognized that
to some persons there is a net loss in belng too much at
home--this is illustrated by the negative value of the first
portion of the TH82 curve in Figure 2). Other deductions must
be made from the tetal travel product due to the effort in-

volved in movement.

The Net Travel Product Schedule

Having established an aggregate travel product in an
elapsed time relation as well as a functlion of deductlons
from the total travel product, it is now posslble to comblne
them to produce a net product schedule. This net travel
products schedule (shown in Figure 3) 1ndicates that the
traveler reaches an amount of elapsed time when further ad-
ditions in travel involve decrements in the net product, and
these decrements can increase as more time passes. From the

net travel product schedule, the schedule of marginal net



Net Trave! Products —— —e=

1
Elopsed Time ——e=

Net Trovel Products

FIGURE 3

Total Net Products

14

Marginal Net Products ——e=

o

Elopsad Time ~—e

Ner Products of Various Trip Types

FIGURE 5

Morgina! Net Products

FIGURE 4
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products (the first derivative of the NTP curve) is obtalned
(see Figure 4). This marginal product curve slopes downward,
becomes zero, and passes on to minus values. This action on
its part is indicative of the downward turn of the NTP curve
after reaching some maximal point (tl). The zero limit of
the MNP curve is the equivalent of a zero price limit, il.e.,
beyond time t, the traveler must be paid to travel further.
The curve of the MNP schedule conforms in 1ts.general shape to
a travel demand schedule. If the product values are turned
into prices of payment, the MNP curve becomes a traditional
demand price schedule in units of elapsed time.

Referring again to Flgure 1; it may be inferred that
the marginal net product will increase as the avallable speed
of movement increases. Increases in travel demands can be ex-
pected as more speed, more safety, etc., affect access to more
net products per time period. The schedule of marginal net
products is also a function of the spatial 1imits within which
alternative movements can be chosen. If the limits of possible
travel are restricted, then the marginal net product curve de-
creases, i.e., if the maximum radial distance beyond the home
location is reduced successively, then the marginal net product
values (travel demand) in-units of elapsed time can be ex-
pected to decrease also. This effect follows because, within
lesser spatial 1imits, the access to net products (or range of

alternative choices) 1is reduced.
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Differentiation of Total Net Products

The total net products of travel may be differentiated
among various transport situations. For instance, there are
possible differences between individuals, age groups, occu-
pational groups, and so forth. Varilations between purposes
are also evident. Additional time is not used to o6ne end if,
as an expectation, it promises a largér addition to the net
product in some other use, Thus, in terms of the elapsed time
where the marginal net return equals zero, purposes are not
expected to come out as equivalents. More adult time away
from home commonly goes into employment or recreation than into

medical care or luxury shopping (see Pigure 5).

Relation of Distance to Elapsed Time

In the foregoing discussion, the term elapsed time was
used to refer to time spent away from home, with only a portion
of this time used in actual movement between locations. The
elapsed time and the distance traveled are related, and a
distance serles of marginal net products may be concelved of
for a single trip for a specific purpose. The traveler can
project trip paths in several directlons or in a round-about
fashion beyond the home location. Any such path involves a
discrete series of point locations, and any traveler may have
many of these trip paths that conftaln sequential expectations

of marginal net products. As many paths exlst as travel
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purposes, combinations of purposes, and possible path loca-
tions--a very large, but still finite number.

From Troxel's discussion we may draw the following
points: (1) there exists for each individual or household
some amount of travel which will maximigé the net returns to
the individual or household involved, and (2) this optimum
- will be determined by (a) the position of the individual or
household in the general spatial structure of the city, (b)
the avallability and, in the long run, the efficiency of the
vaerious modes of transport available, and (c¢) individual's or
household's own level of wants. This latter notion is some-
what comparable to Isard's space preference concept which was

discussed earlier.
A Short-run Traffic Model

Troxel introduces problems of cost and‘difficulty of
movement into his theory only in an implicit manner as part of
the total travel losses (see Figure 2). Recently, Beckmann
formulated an explicit model of highway travel which dealt with:
(1) the choice of individual free speeds, (2) the selection of
routes, and (3) the demand for road transportation.? It is

this latter with which we will concern ourselves here.

5Martin J. Beckmann, C, B, McGuire, and Christopher B.
Winsten, Studies in the Economlcs of Transportation (New Haven:
Yale University Press, 1956.




18

The demand for road transportation between a given pair
of origins and destinations is assumed to be a function of the
average trip cost between these locations. This assumption 1is
based on observed behavior of individuals with respect to con-
gestion levels, etc. The curve shown in Figure 6 indicates
the number of trips per given time period which will be under-
taken at various average cost levels., This, of course, 1s the
general demand curve. In certain circumstances, when the
number of trips is iqdependent of traffic conditions (the
Journey to work might be a case in point), the demand may be
described completely by fixed origin-destination figures. This
demand curve (Figure 6) also indicates the total benefits de-
rived by the population of road users at any given level of
average trip cost (indicated in Figure 6 by the shaded area
lying above the average cost line and below the demand curve).

From Beckmann's formulation we would conclude that, for
some trips, the choice of destination is not independent of
the condition of the system at the time the choice is made,

In the short-run we would expect this to be reflected in either:
(1) the substitution of alternate destinations, or (2) the
postponement of the trip until a time period when a more at-

tractive average cost level prevalls.
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Avl'rogo Telp Cost

Number of Trips per Unit of Time

Demand Curve for Trave! Botween Two Locations

FIGURE 6

—
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A Simple Shopping Model

An individual decision model for a restricted class of
trips was recently proposed by Baumol and Ide as part of their
work on optimal variety in retailing.6 Thelr model assumes
that the shopper does not know (with certainty) whether he
will obtain what he wants by shopping at a given store. It 1s
further assumed that the greater the number of 1items stocked
by the store, the greater is the customer's expectatioﬂ of
succesas. A function, denoted by p(N), is assigned to this ex-
pectation: The functicn varies between limits of O and 1, with
a value of 1 representing certain foreknowledge of success, and
a value of 0 representing certain foreknowledge of fallure.

In travelling to, and shopping at, some particular store,
the customer incurs certain costs. If the distance of the con-
sumer from the store is given by D, then it may be assumed
that costs of movement are strictly proportional to D. Total
movement costs in thils case would be gilven by CdD, where Cd is
a constant. Once he has arrived at the store the consumer 1is
faced with the fact that while his probability of success in-
creases with the number of items stocked, so does the difficulty
of shopping. This difficulty is an additional cost, which is

6W1111am J. Baumol and Edward A. Ide. "Variety in Re-
tailing," Management Science, 3: 93-101 (October, 1956).
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assumed to be directly proportional to the square root of the
number of items stocked (the cﬁbe root if a multi-story
building is involved). This additional cost 1s given by the
term Cdvrﬁj Finally, there are costs which do not vary with
either the number of items stocked or the distance of the con~
sumer from the store. The total of these opportunity costs is
glven by Ci’ Thus the total costs of shopping are given by
the sum of the three classes of cost, 1.e., by
CqD + CpV N + Cy

This sum could be regarded as being roughly equivalent to
Troxel's total travel losses (see Figure 2).

In this simple shopping model a consumer will shop at
& glven store only if, for that store, the functlion:

£(D,N) = wp(N) - v(CqD + C, VN + Cy)

1s>positive. The terms w and v in the above function represent
subjective weights which are assigned to each group of factors

by the consumer.
Summary

The four theoretical constructs pertalning to transport
inputs of individuals or households which have been reviewed
here are taken from wldely scattered sources, and were appar-
ently developed independently. Desplte this lack of formal
articulation, they seem to fit together falrly well. General
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location theory, while devoting little attention to the be-
havior of the individual decision-making unit, does recognize
the importance of spatial location as well as certain socilal
and psychological factors (space preference) in determining
individual behavior in space.

Troxel provides the most comprehensive treatment of the
individual's demand for travel, and from his work we draw the
notion of an optimum level of transport inputs as well as
certain suggestions regarding the factors which determine the
location of this optimum. Beekmann points out the importance
of}the status of the transport network as a factor in travel
decisions, and Baumol and Ide present a simple and explicit
model of factors entering into consumer decisions regarding
shopping trips.

A limited number of empirical studies are avallable
which may be used to test these 1deas against the real world.
The following chapter reviews these studies and attempts to

relate them to the theoretical constructs presented here.



CHAPTER III
RESULTS OF PREVIOUS EMPIRICAL STUDIES

The problem of providing for the regular and recurrent
movement of goods and persons from place to place within the
city is an extremely complex one. Information on this toplc
1s needed by planners and others in order to answer urgent
questions relating to the optimal location and scale of pro-
jected improvements 1n the urban transport system. The press-
ing need for solutions has brought about numerous studies
pertaining to the movement of persons within the city, and
from this multitude of studies 1t 1s possible to select a
much smaller number which bear directly upon the topic at
hand.

This chapter reviews several of the more important of
these studies, and attempts to articulate their findings in
1ight of the theoretical constructs reviewed in the previous

chapter.
Urban Travel Prediction Studiles

Most of the studies undertaken for purposes of pre-
dicting future levels of traffic flow in urban areas have been

" concerned with providing traffic forecasts through the detailed
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examination of existing movement patterns. These investi-
gations, commonly known as origin-destination studies, have
utilized large scale sample survey methods to determine the
characteristics of traffic flow between different areas of
the city. Area-to-area movement counts are made of persons
or vehicles, and are usually cross-classified by type of
movement (private automobile, transit, etc.) and generalized
trip purposes (such as those used in Table I). The results
of these surveys are normally presented in tabular or graphic
form with little or no attempt at analysis of the observed
flow pa.'cterns.1

Iarge amounts of time and money have been poured into
the operation of these studies during the past fifteen years,
and 1t 1s indeed unfortunate that the value of the information
obtained has not been as high as was originally hoped. Re-
cently, while discussing the results of the 120 origin-
destination studles conducted to date, Curtiss remarked that:

‘While providing accurate and useful patterns of

present travel, many have fallen short of thelr po-

tential value in providing means of gauging the future,
not because of failure of the data but rather because

of limitations in the scope and methods of analysis.?

1) more detailed discussion of the characteristics of
origin-destination studies may be found in: Robert E. Barkley,
Origin-Destination Surveys and Traffic Volume Studies (Washing-

on: Highway Résearch Board, 1951).

2¢. p. Curtiss, "Urban Highway Planning: Its increasing
Importance," Traffic Quarterly, 1l: 450 (October, 1957).
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Since these studies impose severe restrictions upon the way
in which a trip may be counted (e.g., i1t may not have more
than one purpose), it certainly seems possible that thelr
ability to provide accurate statements regarding present travel
patterns also may be questioned,

In the past few years a new type of study has grown
up to take the place of the somewhat questionable origin-
destination study. These new studies are known as metropolitan
area transportation studies, and they operate by examining the
entire transportation complex of some urban area (e.g.,
Chicago) in an attempt to associate levels of traffic flow
with various types of land use. Prediction of future movement
levels 1s then attempted by means of land use forecasts,
rather than through direct estimation of future traffic levels.3
While the attempt to assoclate traffic levels with land uses ‘
undoubtedly represents an improvement over the pure description
of the origin-destination studies, the lack of theoretical
orientation still leaves a great deal to be desired.

While most urban traffic has its ultimate origin and
destinatlion in the residential areas of the city, very little
attention has been given to the study of either the characteristics

of the traffic moving to and from these areas, or to the traffic

3For instance see the Report on the Detrolit Metropoli-
tan Area Trafflc StudV,FParts T and II (lansing: Michlgan State
Highway Department, I§So).
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4 The

generating characteristics of the areas themselves.
analytic studies of the latter toplc which have been under-
taken are few in number and, generally, are unarticulated with

elther theory or eéch other.

Gardner's Study of Baltimore

In 1949 Joseph Gardner examined twelve residential
areas within the city cf Baltimore in the hope of discovering
some assoclation between gross patterns of movement from the
areas and the general characteristics of the areas.5 The study
areas were selected so as to represent six neighborhood types
ranging from blighted areas near the central business district
to -outlying areas of high residential quality. Traffic flows
were tabulated by area in terms of distribution by trip purpose
and mode of travel, as well as by total volume of movement.
The movement information was obtained from an origin-destination
study of Baltimore and, as such, did not include trips made on
foot, After tabulation, the traffic flows were compared with
the characteristics of the generating areas to determine what

assoclations existed.

uA notable exception in the case of the first topic, is
the recent study by Edward M. Hall, "Travel Characteristics of
Two San Diego Subdivision Developments," in Travel Characteris-
tics in Urban Areas (Washington: Highway Research Board, forth-
coming).

5Joseph Gardner, "A Study of Neighborhood Travel Habits
in Baltimore, Maryland" (unpublished Master's thesis, Cornell
University, 1949).
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The author concluded on the basis of his examination
that (1) the number of work trips per resident was fairly con-
stant from neighborhood to neighborhood, but that the number of
trips made for other purposes tended to increase in proportion
to the wealth of the neighborhood, (2) population character-
istics such as age and occupational structure tended to have
quite noticeable associations with variations in travel patterns,
and (3) the total number of trips per resident increased as dis-
tance f?om the central city increased. The latter association
seemed to be relatively independerit of the economic classifica-
tion of the neighborhoods involved.

While Gardner did not attempt to use any of the powerful
tools of statistical inference in his study, the results which
he has reported seem to be consistent with the tabulations he
presents. The increase in the freqﬁency of vehicular trips with
increasing distance from the CBD might be attributed to a de-
crease in the number of walking trips--a point which seems to
have escaped Gardner. While the use of statistical methods would
have strengthened the study, it does represent the firet attempt'
to associate the volume of traffic generated in a given resi-

dential area with selected characteristics of the area., -

Hamburg's Study of Detroit

Utilizing information collected by the Detroit Metro-
politan Area Traffic Study, a study was recently conducted which

examined the relationship of vehicular trip frequency per dwelling
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place to several factors.6 These factors included: the logarithm
of the alrline distance to the central business district, house-
hold income, famlly slze, automobile ownership, and residential
density of the neighborhood. All household information was im-
puted from sub-zone and census tract data. For instance, trips
per dwelling place was obtained by dividing the total trips from

a small area by the number of dwelling places in the area. Values
| of oéher variables were obtained in a similar fashion.

Multiple regression analysis was used to examine associ-
ations between variables. The author found trip frequency per
dwelling place to vary in a systematic manner with the measures
of residential location, family size, and automobile ownership.
Measures of residential density of the neighborhood and family
income were not significantly associated with trip frequency.

The siénificant degree of association between vehlcular trip fre-
quency and residential location reported by this study (see Flg-
ure 7) represents an extremely interesting finding, but because
of the elimination of walking trips it cannot be related to any

of the available theoretical constructs.

Mertz and Hamner's Study of Washington, D. C.

A study similar to that undertaken by Hamburg in Detroit
was recently completed in the Washington, D. C. area by

6john R. Hambur , "Some Social and Economic Factors Related
to Intra-City Movement" (unpublished Master's thesis, Wayne State
University, Detroit, 1957).
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FIGURE 7

EFFECT OF DISTANCE OF RESIDENCE FROM CITY CENTER ON
AVERAGE TRIP FREQUENCY FER DWELLING PLACE,
DETROIT, MICHIGAN

Source: John R. Hamburg, "Some Social and Economic Factors
Related to Intra-City Movement" (unpublished Master's
thesis, Wayne State University, Detroit, 1957), p. 13.
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the Division of Highway Transport Research of the Bureau of

Public Roads.7

Multiple regression analysis was agaln used
to examine the associations between vehicular trips per dwell-
ing unit, automobile ownership, population density, household
income, and distance (presumably airline distance) from the
central business district. Household characterlstics were
imputed from small area data in a manner similar to that em-
ployed in the Detroit study.

The distance and income factors did not prove to be
statistically significant in this study, and populatlion density
was of doubtful value. The measure of the level of automoblle
ownership (automobiles per household) proved to be highly
significant, and the authors concluded that this factor alone
explained most of the observed variation in trip frequencies.
Linear relationships were assumed throughout the study, although
an examination of the scatter diagram strongly suggests the
possibility of a2 nonlinear relationship in the distance factor
(see Figure 8).

The three studies just reviewed have several short-

comings from the viewpoint of the present investigation:

Twilliam L. Mertz and Lamelle B. Hamner, "A Study of
Factors Related to Urban Travel," Public Roads, 29: 208-212,
April, 1957. Additional information on this study may be found
in: Gordon B, Sharpe, Walter G. Hansen, and ILamelle B. Hamner,
"pactors Affecting the Trip Generation of Residential Land-Use

Areas,” in Travel Characteristics in Urban Areas, op. clt.
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FIGURE 8

RELATION OF RESIDENT VEHICULAR TRIPS TO DISTANCE OF
RESIDENCE FROM THE CENTRAL BUSINESS DISTRICT,
WASHINGTON, D. C.

Source: William L. Mertz and Lamelle B. Hamner, "A Study
of Factors Related to Urbas Travel," Public Roads,
XXIX (April, 1957), p. 171.
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(1) all three studiles utilized vehicular trips as a measure

of traffic generation, (2) none of the studies utilized actual
household data (household values in the last two studles were
averages imputed from small area data), and (3) the only
measure of residential location used was airline distance

from the central business district. While some of the results
reported by these studies are quite suggestive, none of the
studies, as formulated, provides an adequate basls for test-

ing current theory.
Socio-Economic Forces and Travel

The earlier review of available theory pointed out
some possible relationships between individual travel patterns
and non-spatial factors (e.g., Isard's space preference con-
cept). Several empirical studies have examined the relation-
ship of certain socio-economic factors to household travel,
and their results indicate that these factors are of some im-

portance in the analysis of transport inputs to the household.

The Virginia Studies

In 1951 the University of Virginia, in cooperation with
the Virginia Department of Highways and the U. S. Bureau of
Public Roads, undertook an examination of the relationships
existing between certain socio-economic characteristics and

the travel patterns of households 1in Charlotte County,
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Virginia.8 Six factors were selected for analysis. These

were: (1) family income, (2) socio-economic status of the
family, (3) value of wheeled motor equipment, (4) cycle status
of the head of the family, (5) type of farming by major source
of income, and (6) economic land class of the farm on which
the household resided.

On the basis of the investigations conducted in Char-
lotte County, it was concluded that (1) both trip frequency
and total weekly mlleage were related to famlly income level
in a non-linear fashion (see Figures 9 and 10), (2) as the
scclo-economic status of the household increases the average
number of trips per day and the average daily mileage.rises,
and (3) the amount of travel seems to be directly related to
the composition of the family group.

These results would seem to indicate that soclo-
economic factors do exert a significant influence upon house-
hold travel patterns. This conclusion 1s supported by the re-
sults of another recent study which examined the long distance

movements of households for recreational purposes.9

8University of Virginia, Bureau of Population and Eco-
nomic Research, The %gpgg%.of a New Manufacturing Plant Upon
the Soclo-Economlic Characteristics and Travel Habits of the
People In Charlotte County, virginia, preliminary edition
lcﬁgrioifésville: University of virginia, 1951).

SRichard E. O'Brien, Socio-Economic Forces and Family
Pleasure Travel (Jefferson Clty: Missourl Divislon of Resources
and Development, 1958).
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FIGURE 9

AVERAGE NUMBER OF TRIPS PER DAY FOR HOUSEHOLDS
CLASSIFIED BY ESTIMATED FAMILY INCOME,
CHARLOTTE COUNTY, VIRGINIA

Source: University of Virginia, Bureau of Population and Economic
Research, The Impact of a New Manufacturing Plant Upon the
Socio-Economic Characteristics and Travel Babits of the
People in Charlotte Count Virginia, (Charlottesville: Univ-
ersity of Virginia, 19515, pPe 22.
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FIGURE 10

AVERAGE DAILY MILEAGE FOR HOUSEHOLDS CLASSIFIED
BY ESTIMATED FAMILY INCOME,
CHARLOTTE COUNTY, VIRGINIA

University of Virginia, Bureau of Population and Economic
Research, The Impact ¢f a New Manufacturing Plant Upon the
Socio-Economic Characteristics and Travel Habits of the

People in Charloite County, Virginia, {Charlottesville: Univ-
ersity of virginia, 1951), p. 22. o




Jonassen's Study of Shopping Satisfaction

In a series of studies conducted in Columbus, Ohlo;
Seattle, Washington; and Houston, Texas, Jonassen examined
the relationships between selected socio-economic factors
and degree of shopping satisfaction for a sampie of house-
holds.10 Such factors as age, sex, duration of residence,
occupation, and an overall soclo-economic status score were
examined in their relation to shopping behavior of the sample
households.

While much of the study is of little interest 1n the
present context, the author did conclude that persons differ-
ing as to such items as education, income, occupation, urban-
rural background, etc., differ also in their use of and their
attitudes toward the CBD and suburban shopping centers.

The results of these studies would seem to indicate
that variations in the soclo-economic structure of the house-
hold are associated with concomitant variations in the transport
inputs to the households. This supports certain of the theo-

retical arguments reviewed in the previous chapter.
Consumer Behavior in Space

The empirical studies reviewed thus far have examined

only in passing, if at all, the influence of consumer iocation

10c, T, Jonassen, The Shopping Center Versus Downtown
(Columbus: Ohlo State University, Bureau of Business Research,

1955).
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with reference to the general spatial system upon patterns

of consumer behavior in space. The two urban travel prediction
studies which utilized residential location as a variable re-
lated the location of the household to only one sector of the
urban space-economy--the central business district. One series
of studies, conducted in rural areas of Washington State,
utilizes a wider framework, and provides some interesting in-
sights on the relation of trip frequency to residential lo-

catlion.

The Washington State Studles

In 1954-55 Garrison conducted a study which examined
the relationship of household travel patterns to the value of
parcels of rural property in three Washington counties.ll Dur-
ing the course of this study the assoclations between road~
location and trip frequency of the sample households were ex-
amined.12
Using travel data collected from the sample households,

trip frequency was compared with the length of trip threough

1lyilliam L. Garrison, The Benefits of Rural Roads to
Rural Property (Seattle: Washington State Council for Highway
Research, 195%).

laThis arose out of the need to Justify the use of a
single equation model in the land value studies. A more ex-
tensive discussion of this problem may be found in the follow-
ing chapter, and in: Wwilllam L. Garrison, Brian J. L. Berry,
Duane F. Marble, John D. Nystuen, and Richard L. Morrill,
Studies of Highway Development and Geographic Change (Seattle:
University of Washington Press, forthcoming).
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the use of multiple regression analysis. Diffefences in
road type were introduced into the model through the use of
a separate term in the regression for each type of road.
The measurement model had the general form:
log F = K+Zﬁi(log xy + 1)

where: P = trip frequency (trips per week)

o = a constant term

X1 = distance vla paved roads to the usual terminus

of a trip type (distance in miles)

Xy = distance via gravel surfaced roads

X3 = distance via dirt roads
and the B's are the parameters to be estimated.

The postulated relationship between trip frequency,
length of trip, and road type was examined in 18 cases. Each
case was defined by one of the five types of trip, and each
trip type was defined by two or more study areas. The results
of the computations are displayed in Table II. An examination
of these results indicates that the analysis falled to find
significant relationships between: (1) trip frequency and
distance to trip termini, and (2) trip frequency and the type
of road over which the trip is taken.

Garrison concluded that the propensity to travel, at
any given time, is distributed among households without any
apparent relationship to the type of road service locally

available, and that the frequency of shoppling is independent
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TABLE II

RELATIONSHIPS BETWEEN LENGTH OF TRIP, TYPE OF ROAD USED,

AND TRIP FREQUENCY

County Estimate of /31 Power of
B b 5 the Model
1 2 3
Usual Household Shopping
Snohomish
farmers -.120 -.037 n.c. 3.8
non-farmers - 446 -.012 n.c. 26.3
Chelan
farmers -.141 -.093 n.c. 5.7
non-farmers -.112 .042 n.c. 0.8
Douglas
farmers .012 .000 .001 6.2
Shopping Goods Shopping
—
Snohomish
farmers -.070 .023 n.c. c.9
non-farmers -.038 .052 n.c. 1.1
Chelan
farmers -.071 -.061 n.c. 2.1
non-farmers .032 -.198 n.c. 6.5
Douglas
farmers R T .068 .066 65.6
Amenity Travel
Snohomish -
farmers -,222 -.116 n.c. 11.4
non-farmers -.186 -.088 n.c. 6.0
Chelan
non-farmers -.095 -.038 n.c. 3.6

Source: Adapted from
Roads to Rural Property, op. cit., p.

William L. Garrison, The Benefits of Rural

# Significant at the 5 percent level.

** S%gnificant at
100, where R

he 1 percent level,
is the multiple correlation coefficient.

0.

b Where b was not computed, values of X3 were combined with

Xo: (Xp+X3=Xp).
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of the distance from the shopping center, although the place

visited is a function of the distance traveled.
Summary

The lack of articulation of these studles renders any
attempt to relate thelr findings to current theory extremely
difficult. Of the theoretical and empirical studles reviewed
here, only one makes any mention of the others. These studies
have suggested three measures of transport inputs to the house-
hold: (1) trips per time pericd, (2) time spent away from
home during a given time perlod, and (3) the total distance
traveled during a given time period. This threefold classi-
fication will be used to organize the reported results of the

empirical studies discussed in the present chapter.

Trip Frequency

One of the main concerns of the empirical studies re-
viewed here has been the explanation of household-to-household
variations in trip frequencies., Most of the studies have dealt
with vehicular trips exclusively and, because of this emphasis,‘
it 1s difficult to extend their conclusions to cover the total
trip structure. The study by Garrison represents the one ex-
ception since the nature of the study area as well as the par-
ticular structuring of trips by purpose éerves to minimize the

tmportance of non-vehicular trips.
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Residential location. The attempts of these studles

to relate variations in trip frequencies to variaticns in

the location of the residence differ only in their level of
complexity. Two of the three studles which considered resi-
dential location used a single term which related residential
location to the CBD while the other, conducted 1n a rural
area, related residential location (by trip purpose) to the
trip terminus most frequently visited. The reported results
are somewhat conflicting, but tend toward a general conclusion
that trip frequency shows no significant variation with vari-
ations in residential locatlon.

' Iéard's space preference concept (discussed in Chapter II)
was defined as the individual's desired level of social contact.
It is possible to view this desired level of contact as ex-
pressed in terms of a given contact frequency. If thls were
so, we would expect variatlions in trip frequency to be &880-
ciated with variations in non-spatial factors. These studies
offer some support to this view through their failure to find
significant associations between variations in trip frequency
and variations in residential locatilon.

Socio-economic factors. It is unfortunate that those

empirical studies which examined the effects of residential
1ocation did not also examine the effects of varlous soclo-
economic factors, and vice versa. However, sufficient evidence

.seems to be at hand to indicate that varlations in certain
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socio-economic factors are assoclated with varilations in trip
frequency, although the nature of the association is far from

clear.

Trip Duration

No analysis of trip duration was included in any of
the empirical studles reviewed here, and no study has come

to the attention of the author which contains any such analysils.

Total Distance Traveled

None of the studles reviewed examined the relationship
of residential location to the quantlty of passenger-mile in-
puts to the household, and the author knows of no study which
deals with this relationship. While one study did examine the
relationship of socilo-economlc structure to household trip

mileage the results reported were indeterminant.



CHAPTER IV
EMPIRICAL STUDIES IN CEDAR RAPIDS, IOWA

This chapter reports upon a series of empirical studies
designed to examine existing associations between alternate
measures of transport inputs to households, and three factors
which theory holds to be important in determining the level
of these transport inputs.

The resources available for this study did not permit
the extensive field work necessary to obtain detailed in-
formation upon household behavior patterns in space, and as
a result, it became necessary to use data which were already
in existence. Only two sets of data were known to exlist which
would be suitable for the purposes of the present study. One
study, conducted in 1946, examined the travel patterns of
1,300 households in Fort Wayne and Allan County, Indiana, for
one day. The second study, conducted in 1949, examined the
travel patterns of 256 households in Cedar Rapids and Linn
County, Iowa, over a thirty day period. Both studles were

conducted by a private research organization engaged in
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studying the impact of outdoor poster adver’cising.1

Through the generous cocperation of the Traffic Audit
Bureau, Inc., and the Outdoor Advertising Association of
America, Inc., both sets of data were made available for
analysis. The Cedar Rapids data were selected for primary
analysis since they provided information over a thirty day
time period, and 1t was thus possible to derive estimates of

transport inputs with a greater degree of precision.
The Study Area

Cedar Rapids is located in Linn County, Iowa, in the
east-central portion of the state (see Figure 11). At the
time of the travel study (1949) the peopulation within the
corporate city limits was about 72,000; representing some 69
percent of the total SMA population. With the exception of
Jowa City, twenty-six miles to the south (population about
27,000), there is no other large or medium sized town for
seventy to & hundred miles in any directlon. The city serves
as the central market point for a productive agricultural
region; however, manufacturing is an important part of the

city's-economic structure with some 200 firms employling a total

lphe pesults of these studies which pertain to the im-
pact of outdoor advertising are reported in: Traffic Audlt
Bureau, Methoda for the Evaluation of Outdoor Advertising (New
York: Traffic Audit Bureau, 1947); and Trafflc Audit Bureau,

Coverage, Repetition and Impact Provided by Poster Showings
(New Yorﬁ: Traffic RAudit Bureau, 1950).
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of nearly 21,000 persons. The manufacturing is fairly di-
verse, with food processing, manufacture of electrical equip-
ment, and the production of heavy farm and construction
equipment representing the more important sectors.

The clty exhibits a fairly simple land use pattern
(see Figure 12) which 1s complicated only by the passage of
several major railroads through the city. The distribution
of population (as indicated by the distribution of dwelling
units in Figure 13) shows a fairly regular clustering about
the central portion of the city, with only a sparse distri-
bution 1n the outiying areas. 1In some ways, these patterns
may be too simple and too regular. A larger urban area, ex-
hibiting a more highly integrated spatial structure, might
have been more sultable for the purposes of the present study.
Since travel information is not available for other cities,
thls comment is really more pertinent to future studies than

the present one.
Survey Methods in Cedar Rapids and Linn County2

Two schedules were used in the collection of information

from the sample households (see Appendix A). The first dealt

2Information contained in this section 1is largely drawn
from unpublished records of the Traffic Audit Bureau, Inc.
This Information was made available to the author through the
generous cooperation of Mr. Victor Pelz, director of TAB.
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wlth the socio-economic characteristics of the sample house-
hold and included such items as family composition, edu-
cational levels, automoblle ownership, and family income.

The second was designed to report upon the characteristics

of a single trip, and such items as time of origin and return,
trip purposes, mode of travel, route followed, and addresses
of all stops were included. All persons ten years of age or
older in the sample households filled out one of the second
schedules for every trip they made during the thirty day
study period. All field work was carried out by staff mem-

bers of the firm of Alderson and Sessions.

Sample Design

A minimum sample of 256 households was established

.for the study on the basis of this figure being close to one
percent of the estimated number of households in Linn County
in 1949. This minimum total of 256 households was then allo-
cated to Cedar Raplds proper, rural farm, and rural nonfarm
(including the town of Marion) on the basis of the estimated
numbér of dwelling units. The sample was based on the R, L.
Polk Co. City Directory for Cedar Rapids, dated 1947. This

information was updated with additional information provided
by the city engineer to include new dwellings constructed up
to April 1, 1949,

Since this survey required informants (including every

member of the household ten years of age and over) to keep
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records of all travel (by all modes, including trips on foot)
for 30 consecutive days, 1t was necessary to provide for a
sizable shrinkage caused by families who would start to keep
records but who wouid drop out before the 30 days were over.
This problem was met by starting with a sample of 308 instead
of 256. It was also recognized that many families would re-
fuse to even start a 30 day consecutive record. This problem
was met by drawing two samples of 308 each and pairing on a
map each famlily in the first sample with the nearest family
in the second sample. A refusing family in the first sample
was replaced by the paired family in the second sample. The
rate of refusals in the first sample was approximately 16.6
percent, but in nc case did the second famlly of a pair refuse.
Actually there were 262 households in which all members com-
pleted the full 30 day record. Since the total of 262 house-
holds was not distributed properly in the three categories
(Cedar Rapids, rural farm, and rural nonfarm), six families
were selected at random to be dropped from the final sample.
In selecting dwelling units to be included in the
sample, every dwelling unit was given an egual chance of coming
into the sample. The household selected from the list of ad-
dresses was chosen by taking every n th address after a start-
ing polnt had been selected from a table of random numbers.
The same procedure was followed for selecting dwelling units

in the areas of new construction. In both cases the address
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was used as the sampling unit even though the city directory
furnished a name as well as the address. Similar methods
were used to select dwelling units located outside the cor-

porate city limits of Cedar Rapids.

Interviewing

Street addresses of households for the interviews in
Cedar Raplds were assigned to each interviewer. In the event
that the household from the first sample refused to participate,
the interviewer then approached paired households from the
second sample. Interviewers were instructed to make whatever
call-backs were necessary to contact the households in the
first sample before approaching the second sample household.

The purpose of the survey was explained as one designed
to secure information over a consecutive thirty day perlod as
to where people travel. Interviewers were instructed to
answer questions of respondents fully and freely. While the
fact that the survey was being done on behalf of outdoor ad-
vertising was not volunteered by the interviewers, thls ex-
planation was freely made if needed to satisfy respondents.

Responsibility for seelng that dally travel dlaries
were made out properly was placed elther on eaéh individual
respondent or upon some one person in the family, depending
on which method seemed to the interviewer most likely to be

effectlive.
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Each household was paid a maximum of fifteen dollars
for acceptable completion of thirty day diaries from each
member of the household, ten years of age and over. The total
interviewing period covered five weeks. A payment of two
dollars and a nalf was made for each of the four weeks, plus
a premium of five dollars to those families who completed the
full thirty days. Familles dropping out before the end of
the thirty days were paid for the time for which they actually
completed diaries.

After the initial interview, the interviewer returned
tc the home to check up on diaries made out by those not at
home at the time of the initial interview and to inspect
diaries for the preceding day. If all respondents in the home
then seemed to understand the making out of the dlaries, they
were accepted; otherwlse further 1ﬁstructions were given,

From then on the Interviewer called at each home every other
day to review diaries and to pick them up and bring them into
the office. This every-other-day contact was contlinued through-
out the thirty days.

Completed diaries brought in by interviewers were
checked day by day against & record kept for each individual.
Each day's dlaries were reviewed and, if not clear or satis-
factory, were referred back to the interviewer to be taken up

with the respondent on the next visit.
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Modification of the Sample

Because of time limitations it was impossible to
utilize in the current studies 2ll the information made avall-
able by TAB and OAAA. The empirical discussions which follow
in this chapter are based upon 2 subsample of 100 households
whose residences were located within the corporate city limits
of Cedar Rapids (see Figure 14). Detalled tabulations were
undertaken on the movements of these households during the
second and third week of the sample period. This two week
period constitutes the basic time period to which subsequent
counss of trip frequencles, etc., are referred.

The travel diaries gave a block-by-block description
of the route of each of the trips made by respondents during
this time period. This route description was translated into
miles traveled, by mode of travel, in the course of each trip
by tracing out the route on a map of the city and following
the trip with a map measurer which recorded the distance
traveled. It was this operation that imposed the 1limit upon
the number of households which could be considered in the

present series of studles.
Design of the Empirical Studies

The studies reviewed earlier suggested three measures
of transport inputs to the household: (1) trips per time

period, (2) time spent away from home during a given time period,
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and (3) the total distance traveled during a given time period.
The theoretical structures which are currently avallable
suggest three factors as being of ilmportance in determining
the level of transport inputs to a2 household. These three
factors are: (1) the socio-economic structure of the house-
hold, (2) the availability of transportation, and (3) the lo-
cation of the hqusehold's residential site relative to the
other elements of the spatial system. Techniques of multiple
regression analysis provide a tool for examining the associa-
tions which exist, on an empirical level, between these factors
and the level of transport inputs.3 The following empirical
studies, utilizing multiple regression as applied to the Cedar
Rapids travel data, represent a first attempt at testing the

validity of these associstions.

Operational Definitions

Before proceeding further with the analysis, 1t is
necessary to operationally define the measures to be used.
The measures of transport inputs which have been propoéed are
explicit enough t¢ permit their use without further discussion.
However, the three factors believed to influence the level of

transport inputs (soclo-economic status of the household,

3Eor a discussion of multiple regression analysis the
reader is referred to: George W. Snedecor, Statistical Methods

(Ames: Iowa State College Press, 1956).
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availability of transportation, and the location of the house-
hold's residential site relative to the other elements of the
spatial system) must be defined in a more explicit fashion
before they can be used. Since the present study did not in-
volve the original collection of data, these definitions must
be limited to the extent that they can be used with the data
currently available.

It is unfortunate that the structure of the Cedar Rapids
household data made it impossible to utilize any of the various
gscales available for the measurement of the socio-economic
stetus of the household. The present studies attempt this
measurement through the use of a series of variables which in-
clude: size of the household, income level, age and educational
level of the head of the household, and the presence or absence
of school children and employed persons. It is freely admitted
that these factors do not present an ideal picture of the
socio-economic structure of the household, but they do repre-
sent the best approximation that could be constructed with the
information available.

Three types of transport (movement by foot, private
automobile, and public transit) were assumed to be avallable
in some degree to each household. while every household obvi-
ously has the ability to make trips on foot, the abllity to
make trips by private automoblle or public transit varies from

household to household. The ability to make trips by automoblle
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is crudely measured in the present studies by the inclusion
of a dichotomous variable relating to the ownership of one or
more motor vehicles by the household. The availabiiity of
public transit to households in the study area appears to be
related only to the distance of the residence from the nearest
facility since there appears to be no significant difference
in scheduled frequencies between transit routes.

Measurement of residential location poses the most
difficult problem. The spatial structure of the modern urban
region 1s exceedingly complex, and any attempt to define the
relative location of a point within this complex (e.g. & resi-
dential location) by means of a single simple measure is likely
to prove highly misleading. As an example of the complexity
of the urban region, let us examine just one sector: retail
business. Recent theoretical and empirical studies have ex-
tended the traditional concepts of central place theory to in-
clude the structure of intra-urban business, and have shown
that a hilerarchy of retail business centers exists within the
c:it;y.)4 Because of the highly interdependent structure of the
urban region the household is compelled to interact with the
various members of this retaill hierarchy in order to maintain
its existence. How then are we to define the location of the

household relative to this complex spatial structure? Interaction

%William L. Garrison, et al, op. cit.
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takes place with all levels of the hierarchy and it would seem
that, as a minimum, there should be as many reference measure-
ments as there are levels in the hierarchy. The same argument
holds in a more general way when the numerous contacts of the
household for purposes of work, schooling, recreation, etc.,
are examined.

Empirical studies reported upon elsewhere have identi-
fied four levels (including the CBD) in the retail hierarchy
of Cedar Rapidss(see Figure 15). For the purposes of the
present serles of studies, the location of each household is
given by a serles of four measurements of over-the-road dis-
tances to the nearest member of each level of the observed re-
tall hierarchy. It 1s recognized that other demand points
within the city may well be of major importance, but it is felt
that this series of variables represented as great a degree of

complexity as it was practical to introduce.

The General Form of the Model

The factors, as explicitly defined above, were entered
into a general linear model which was applied to each of the
three measures of transport inputs. The model has the general
form:

Y=o+ ByXy +BpXp + «eo +8 X + 1
where u 1s a random disturbance term, £ and the B's are the

S51pid.
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parameters to be estimated from the sample data.

are:

Yf‘
Yy =
de
Measures of

xlﬂ

XQﬂ

x8=
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total number of trips made by all members of the
household during the study period

total time (in hours) spent away from home by all
members of the household during the study period
total distance traveled (in miles) by all members
of the household during the study period
soclo-economlc factors:

size of the family

age of the head of the household in years

has the head of the household received any edu-
cation teyond the high schocl level? (1 = yes
and O = no)

is the household in the low income (below $3000
per year) group? (1 = yes and 0 = nc)

is the household in the medium income ($3000 to
$5000 per year) group? (1 = yes and 0 = no)

is the household in the high income (over $5000
per year) group? (1 = yes and O = no)

are there one or more full-time workers in the
household? (0 = yes and 1 = no)

are there one or more school children 1ln the

household? (1 = yes and O = no)

The variables
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X9=
=

*10

Measures of

X1 =

X120 =

Xy =
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transport availability:

does the family own one or more automobiles?

(1 = yes and 0 = no)

road distance in miles from the residence
nearest transit line

residence location:

road distance in miles from the residence
central business district

road distance in miles from the residence
nearest high order retail center

road distance in miles from the residence
nearest ri2dium order retall center

road distance in miles from the residence

nearest low order retaill center.

Data Processing

to the

to the

to the

to the

to the

Computations for the three runs of the general model

were carried out using the facilitiles of the University of

Washington's Research Computer lLaboratory.

The computer used

was a standard IBM 650, and the regression program was one

supplled by the Research Division of the Shell 0il Company.

Total running time was approximately two hours.
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Transport Inputs to Households in Cedar Rapids

Tabulation of the movement data collected in Cedar
Raplds revealed a very complex pattern of movement. This
complexity 1s especilally evident when attempts are made to
structure the movement of persons by the purpose of the move-
ments., In many traffic studies movement purposes are classi-
fied under several simple headings (e.g., those used in Table
I). It proved to be impossible to use these simple structur-
ings to classify the person movements in Cedar Rapids. For
instance, during the study period some 144 stops were made at
supermarkets by individuals in the travel sample. While 21
percent of these stops did not involve other movement purposes
(single purpose trips), 34 percent involved one or more other
stops for shopping purposes, 19 percent involved stops at the
place of work,vand 15 percent involved stops for such purposes
as visiting friends. The current studies will not deal further
with this complex, but in the following discussions it should
be clearly realized that such terms as total trips tend to
conceal a complex pattern of movements,

Of the 100 households in the original travel sample,
13 were dropped for various reasons, and the results of the
following studies are based upon a final sample of 87 households.
Summary measures of household characteristics are glven in

Table III, and some simple measures of association are shown in
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TABLE III
AVERAGE CHARACTERISTICS OF THE SAMPLE HOUSEHOLDS

Mean
Size of Family 3.1 persons
Age of Head of Household 44 6 years
Road Distance to the CBD 1.50 miles
Road Distance to the Nearest High Order
Retall Center 1.31 miles
Road Distance to the Nearest Medlum Order
Retail Center 0.41 miles
Road Distance to the Nearest Low Order
Retail Center 0.16 miles
Road Distance to the Nearest Transit Line 0.12 miles
Time Away from Home* 164.1 hours
Number of Trips#* 35.7
Distance Traveled#* 94,9 miles

* During two week study period.
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Table IV.

The Elapsed Time Study

Troxel has suggested the use of the amount of time
spent away from home'as a measure of the demand for movement
at resldential sites.6 The Cedar Raplids travel diarles con-
tained information on the time at which each trip began and
ended. The duration of each trip was obtained from these en-
tries and the information on individual trips aggregated by
households.

Preliminary computations disclosed that members of the
average household spent about 164 hours away from home during
the two week study period. This amounted to some 28 hours per
week per person. An examination of the zero order correlations
(see Table IV) disclosed significant assoclations with only two
items: size of family and total number of trips.

Fitting the general linear model to the household data
produced the following estimating equation:
Y¢ = 66.8.+ 19.2 x3 + 0.9 x5 - 57.% x3 + 0.4 Xy + 20.4 x5 + 25.5 x¢

- 132.2 Xg + 83.9 xg - 24,1 Xg - 39.1 X.q % 33.9 Xy, - 4.4 Xy

4+ 10.7 x + 23.1 x

13 14

where Y. is the estimate of the number of hours spent away from

home during the study period. Interpretation of the estimating

6Troxe1, op. cit.
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TABLE IV
ZERO ORDER CORRELATION MATRIX

1 2 3 L 5 6 7 8 9 10

1 1.00 -.26 .03 .05 .02 .00 .00 .46 .52 .31
2 1.0 -.05 -,18 .00 =-.11 ~-.08 =-.11 =-.10 -.15
3 1.00 .45 .91 .56 .56 .06 .13 .40
L 1.00 .31 .53 .58 .00 .00 .27
5 1.00 .47 .48 -.01 .02 .35
é 1.00 .53 .10 .12 .44
7 1.00 .16 .08 .29
8 1.00 .81 .66
9 1.00 .64

10 o 1.00

Variable:

=
"

Size of family

Age of head of household

Road distance from CBD

Road distance from nearest transit line

Road distance. from nearest high order retaill center
Road distance from nearest medium order retail center
Road distance from nearest low order retall center
Total number of trips during the study period

Total time spent away from home during the study period
Total distance traveled during the study period

\O 0O~ W -FW D
# % nnan i

o)
o
]

Note: Values falling between +0.20 and -0.20 are not statistically
gignificant at the flve percent level,
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equation is quite simple. For instance, for every unit in-
crease in the size of the family (x,) we observe an increase
of 19.2 hours in the time spent away from home by fhe house-
hold.

Four of the variables, family size (xl), educational
level of the head of the household (x3), the presence of one
or more workers in the household (x7), and- the presence of one
or more school children in the household'(xa), proved to be
highly significant (1 percent level). The variables contained
in this model were able to account for 60 percent of the ob-
served household-to-household variation in the amount of time
spent away from home during the study period (Y.). It is
interesting to note that only variables in the soclo-economic
category proved to be statistically significant, and that none
of the spatial varilables were significant even at very low

confidence levels.

The Trip Frequency Study

The average Cedar Rapids household made just under 36
trips during the two week study period, excluding movements
made purely for the purpose of visiting friends or pleasure
driving. Application of the general regression model produced
the following estimating equation:

Yo = 19.9 + 1.7 x7 + 0.2 x5 - 1.7 x3 - 1.9 x), + 1.7 x5 + 7.7 Xg
- 23.9 x; + 23.2 xg + 5.6 Xg = 3.0 x4 = 3.7 X9 " 1.3 X5
- 2.4 X3 + 23.1 Xqy
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where Ye is the estimate of the total number of trips made
during the study perlod.

Two varlables, the presence of one or more workers in
the household (x7) and the presence of one or more school
children (xg), were statistically significant at the 1 percent
confidence level. The variables contained in the model were
able to account for 49 percent of the observed household-to-
household variation in the total number of trips.made during
the two week study period. The two variables which proved to
be highly significant in this study were of a dichotomous

nature, and once again fell into the soclo-economic category.

The Total Distance Study

The information on total miles traveled, again exclud-
ing movements to visit friends or for pleasure driving, was
tabulated for the households in the Cedar Rapids travel sample
and following estimating equation obtained:

Yd = 189.3 + 5.1 Xy - 1.0 x5 - 49.8 X3 - 96.6_x4 - 39.8 xs
- 79.8 =g - 26.8 %7 + 46.5 xg + 24.2 Xg + 240.1 x4
- 74.8 X9 + 99.8 e 6.0 X33 = 223.9 Xy

where Y, 1s the estimate of the total distance traveled by

the household during the study period.
The general model was in this case able to explain only
14 percent of the observed household-to-household variation in

total distance traveled. None of the variables were
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statistically significant except at very low levels (20 per-
cent). At the 20 percent level three variables, distance
to the nearest transit line (xlo), distance to the nearest

high order retall center (x and distance to the nearest

1)
low order retail center (xlu) were significant. Although
‘locational variables were the only ones to show any degree
of significance, the low degree of confldence which must be
attached to them, together with the overall poor performance

of the model in thils case, leaves much to be desi:ed.
Summary

From the standpoint of current theory, it appears that
if an individual's space preference (his desired level of
social contact) is thought of as being expressed in terms of
elther a desired number of contacts or és a desired total con-
tact duration, then 1t would be reasonable to expect gross
trip frequencies and the amount of time spent away from home
to be largely determined by social and psychological factors
outside of the general spatial system.7 Total distance
traveled, on the other hand, would be expected to be especially

7Prob1ems which may arise if trip frequencies are influ-
enced by the location of the residence relative to the rest of
the spatial system are discussed in: Duane F. Merble, "Trans-

port Inputs at Urban Residential Sites," Papers and Proceedings
of the Regional Science Association, Volume 5 (1959), forth-

coming.
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sensitive to variations in the location of the residence (or
home base) relative to the rest of the spatial system.

The results of the empirical studles conducted in Cedar
Rapids, when viewed in this framework, appear to be somewhat
contradictory. Both trip frequencies and time spent away
from home showed very strong associations with the variables
in the socio-economic sector of the model, and very weak
assoclations with the variables 1n the spatial sector. These
results, together with the somewhat negative evidence pre-
sented by other empirical studies, tend to support quite
strongly the contentlon that trip frequencies and the amount
of time spent away from home are determined by forces exo-
genous to the spatial system,

On the other hand, the poor showing of the model ;n
attempting to explain household-to-household variations in
total distance traveled is quite puzzling in light of the
other results. While some of the variables in the spatial
sector of the model were significant at very low confidence
levels, this result cannot be regarded as anything more than
mildly suggestive.

The féllowing chapter discusses some of the theoretical
implications of these results, and proposes a tentative ex-
tension of theory to cover problems of individual declslon-

making in a spatial context.



CHAPTER V
A PROPOSED RESTATEMENT OF THEORY

The review portion of this study indicated that current
theoretical structures which deal with the behavior of indi-
viduals or household units in a spatial context suffer from
several serious deficiencles. The empirical studies conducted
in Cedar Rapids polnted out certain of these weaknesses and
contradictions in an explicit manner. The problems examined
in the Cedar Rapids studles were of a very general nature,
and the lack of development of current theory becomes even
more evident when attention 1s directed to more specific ques-
tions.

During the past ten years a new battery of analytic
tools has become avallable to the research wofker studying
decision situations. The decisions which an 1ndividual makes
regarding his movements in space are not simple., He 1s con-
fronted with a complex spatial system and a wide range of
possible destinations, modes of travel, etc., and from this
large group of possible actions he must select those which
will satisfy his demands in some efficient manner. The follow-

ing sections outline a new approach to the study of individual
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behavior in space through the use of one of these new analytic

tools--game theory.
Game Theory and Individual Behavior in Space

The new tools wﬂich have become available for the
analysis of complex decision situations fall into two classes.
The first, typified by linear programming, deals with situa-
tions involving decision-making under conditions of certaln
knowledge regarding the possible outcomes.1 The second, which
includes the several forms of game theory, deals with situations
involving risk or uncertainty with regard to the possible out-
comes.

It has been argued elsewhere that a movement situation
may be regarded as a two-person game played against nature
under conditions of incomplete information.2 Within this game
theory framework, the movements of the individual in space

are regarded as physical analogs of his movements among the

lpor an example of the application of llnear programming
to a problem of decision-making within a spatial contex, see
William L. Garrison and Duane F. Marble, "The Analysis of High-
way Networks: A Linear Programming Formulatlon " proceedings,
Highway Research Board, NAS-NRC, 37: 1-17 (1958).

2Duane F. Marble, "Transport Inputs at Urban Residential
Sites," Papers and Proceedings, Regional Science Associatlon
(1959$, orthcoming.
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branches of a game tree.3

A Simple Model

What would be the general form of a game-theoretic
model of individual behavior in space? For purposes of dls-
cussion assume a greatly simplified spatial structure consist-
ing of a residence and n points (stores), All locations are
spatially separated, and each store supplies an identical
commodity. An individual, whose home base is the residence,
desires to obtain a supply of this commodity, and he may do
so only by visiting one of the stores which supplies it. To
simplify the situation even further, assume also that the
individual must select only one destination, and if that
destination fails to supply the commodity (e.g., the store
may not be open), then the individual returns-to his home base
rather than going on to another destination. Thils situation
is admittedly unrealistic, but it will serve to lllustrate
some of the general concepts which must be grasped before enter-

ing into 2 more complex situation.

3For obvious reasons it is not possible to review here
the many portions of the theory of games which will be called
upon in the following discussion. The reader who is unfamillar
with the terms and concepts encountered here is referred to
the recent work by R. Duncan Luce and Howard Raiffa, Games and
Decisions: Introduction and Critical Survey (New York: john
Wiley & dons, 1957), which provides an excellent survey of the

field.
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The elements of the decislon situation are displayed
in Table V. The decision matrix consists of n rows, with
each row corresponding to a trip to one of the n possible
destinations; and m columns, each corresponding to one of
the m possible states of nature (or conditions of the system)
which may prevail. A payoff (or utility), designated by uy 40
1s assigned by the player to each destination-state of nature
combination. Thus if the individual chooses to go to desti-
nation 1 and state of nature J prevails, then he will receive
a payoff of uy 4. This payoff may be either positive or nega-
tlve in nature.

Since the situation 1s one of decision-making under
conditions of risk, the player does nct know with certainty
which state of nature will prevail at any given time. How-
ever, he may be presumed to have, possibly from past experi-
ence, a falrly good knowledge of jJust how likely the occurrence
of each one is. This level of information is referred to as
having an a _priorl probability distribution over the possible
states of nature. Thus while the player does not know if the
Jth state will occur at a given instant, he does know the
probability (pj) of its occurrence.

Having explicitly defined the elements of the decision
situation, the question then is which trip should the player
undertake? Game theory takes the position that there is a

definite way in which rational people should behave, if they
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TABLE V

A SIMPLE DECISION MATRIX

Destinations

States of Nature

S

i3
Uoj

Uni

U2
Uoo

nj
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believe in the game matrix. Williams elaborates upon this
point in an interesting fashion:

The motion that there is some way people ought to
behave does not refer to an obligation based on law
or ethics. Rather it refers to 2 kind of mathematical
morality, or at least frugality, which claims that the
sensible object of the player 1s to gain as much from
the game as he can, safe in the face of & SKillful
opponent who is ursuil an antithetical goal, This
Is our model of raEIonaE behavior. As with all models,
the shoe has to be triled on each time an application
comes along to see whether the fit is tolerable; but
it is well known in the Military Establishment, for
instance, that a lot of grRund can be covered in shoes
that do not fit perfectly.

The answer to the question, given the above definition
of rational behavior, is fairly simple in the present case.
The player has attached a probabllity, pJ > 0, to the occurrence
of each state of nature. The expected value of the 1th trip
is then equal to %Pjuij: where ij- = 1. To f£ind the trip
which will maximize his payoff the player computes the ex-
pected value for each trip;'éhd then determines the maximum
by inspection. Alternatlvely, if the player is not willing
to assign probability levels to the varilous statesof nature,
a max-min procedure may be employed in which each row is scanned
and the lowest uiJ identified. The row containing the maximum

of these minimums then defines the least risk trip.

i
J. D. Williams, The Compleat Strategyst (New York:
McGraw-Hill Book Co., 195%), p. 23.
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The real worid 1s much more complex than the simple
situation outlined here for purposes of demonstration. It
is possible to extend the simple model to include such things
as multiple purpose trips, the existence of more than one
commodity in the system, alternate methods of travel, etc.
The complete model necessary to handle all these factors will
not be presented here, but many of its characteristics may be
demonstrated through a minor modification of the previous

model.

L More Complex Model

Assume the same simplified spatial situation as be-
fore, but with one modification. In the present formulation
the player has a desilred payoff which he wishes to obtain,
and no one supply point is able to satisfy this demand. Thus
the player, in his search for the desired payoff level, may
generate a multi-stop trip where he is concerned with the pay-
off level of the total system of stops, rather than that of
any individual stop. The model in this case becomes one of a
class of dynaﬁic supergames which consist of sequential com-
pounding of simple games, with the component games-«in the
present case--corresponding to the links of the multi-stop
trip. One other difference in this case is that the player's
strategies control not only the expected payoff at each stage,
but also the transition probabiliiies which govern the
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continuance of the game to the next stage. A game in which
these transition probabilities exist, and they exist 1n the
present model to insure that the trip will come to an end, is
called a stochastic game.

At any given stage (the yth

stage, for instance) of the
game, the payoffs are denoted by widx. This payoff consists
of two components, uijx, which has the same Iinterpretation as
in the simple model; and [?ijx(si] , which denotes the proba-
bility of stopping the game at stage ¥. At all stages the
probability of stopping 1s greater than zero. The payoff at
any glven stage 1s then interpreted as follows: the player
recelves g'payoff of value uijx and then engages in a lottery,
with probabilities pys¥ of stopping and (1 - pij") of continu-
ing. Each outcome pf each component game now has assoclated
with it a real-valued payoff, as well as a non-zero probability
of stopping the play at that stage.

The player then, under the definitlon of rational be-
havior, wishes to maximize his return, not for any one compo-
nent game, but over the entire supergame system. Given the
characteristics of the system, it is difficult but not im-
possible to solve for the required optimal strategy.5 If the
distribution of the pJ's is such that one and only one of the

many possible states of nature is nearly certain to occur (e.g.,

SLuce and Raiffa, op. cit., pp. 459-461.
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as Py —> 1), then the complex supergame system beccmes de-
generate and the decision situation may then be handled as

a dynamic programming problem.6

Generalization of the Complex Model

Generalization of the supergame system to include such
factors as the existence of more than one commodity in the
system, as well as the existence of a specified bundle of
commodities at each destination is not difficult. In the
former case it is sufficient to adopt the assumption that
utilities of different commodities can be compared, and in
the latter to recognize links (or rows in the decision matrix)

whose selection does not involve spatial movement.
Empirical Operation of the Model

Consideration of the previous examples leads to the
conclusion that a game-theoretic formulation of the problem
of individual behavior in space will be capable of dealing
with many factors and operations which present theoreti?al
structures are incapable of handling. In addition, the methods

of solution of the game matrix which are available provide a

6L. S. Shapley, "Stochastic Games," Proceedings of the
National Acadep_ig of Sclences, U.S.A., 39: 16“9511'603%1:- 953).
For a detaile iscussion of dynamic programming see the re-
cent book by Richard Bellman, ic Programming (Princeton:
Princeton Uniwersity Press, 1925;. :
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means of finding specific optimal solutlions to spatial move-
ment problems.

However, models of this nature have been subJect to
certain criticisms in the past., These critlicisms are recog-
nized and commented upon in a statement by Davidson and Suppes:

The most serious general criticism of . . . formal-
ized theories of decision making among risky alterna-
tives 1s that they are not empirically &pplicable,
This criticism takes two quite different forms. (a)
It 1s argued that people simply do not meet the con-
ditions of rationality. . . . (b) The second criticism
1s that no satisfactory empirical interpretation of
the theory has been given, and therefore it 1s im-
possible even to test the theory.

Obviously the second criticism is the more funda-
mental, and unless it can be met the first is captious.
Further, if the second criticism can be met, the first
criticism is, in effect, an a priori decision concern-
ing a testable matter of fact. If the facts are worth
arguing, they are worth testing, while if they cannot
be tested, it 1s not clear what there is to argue
about. Finally, and perhaps most important, even 1if
a theory of rational decision has 1little general de-
scriptive value, it still may have great 1lnterest as
a rormative theory. Even if no one, or hardly anyone,
acts in accord with some such theory over a perilod of
time, we may be willing to grant that it 1s worth ask-
ing . . . whether a given pattern of decisions, or of
preferences and expectations, is rational in the sense
of the theory.7

No argument is put forth here for the interpretation
of this class of spatial decision models as anything other

than a normative form. However, as Davidson and Suppes point

TDonald Davidson and Patrick Suppes, Decision Making:
%g.$§2erimental Approach (Stanford: Stanford University Press,
957}, p. 3.
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out, before they can be useful even in thils context, it 1s
necessary to have a workable empirical interpretation of the
theory. It i1s not possible at the present time to state 1if

the analyéic system proposed here is empirically applicable

or not, but it is possible to briefly point out certain probiem
areas and to make crude estimates of the difficultles involved

in their empirical solution.

Estimation of the Payoffs

While the enumeration of possible destinations and
states of nature presents little difficulty, aside from the
sheer size of the operations involved, the estimation of the
payoffs (the uy jx's) 1s a different matter.

The measurability of utility has been a topic of heated
debate in economics since before the turn of the century.8 Re-
cent developments in that field, with some assistance from
psychology, now hold forth definite promise of being able to
produce good experimental estimates of utllities. The first
experimental attempt at estimation was undertaken only nine

9

years ago, and was rather crude. The field has attracted a

8A review of this debate is given in: Richard E. Quandt,

"A Probabilistic Theory of Consumer Behavior," Quarterly
Journal of Economics, 60: 507-536 (1956).

9¢. Mosteller and P. Nogee, "An Experimental Measurement
of Utility," Journal of Political Economy, 59: 371-40% (1951).
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great deal of attention since that time, and recent develop-
ments have significantly raised the level of operations,lo
On the basis of results currently in hand, it would
appear that the measurement of the payoff elements in the
spatial decision matrix is a definite empirical possibility.

Estimation of the Transition Probabllitiles

Transition probabilities are inserted into the payoffs
of each stage to insure that the play (trip) will come to an
end in some reasonable length of time. Presumably the proba-
bility of stopping becomes greater as the length of play
(elapsed time away from home) increases, That 1s,
p133;1‘< pijxi How rapidly does the probability of stopping
increase? Examination of the Cedar Rapids travel data shows
that few trips involve more than six stops and/or a duration
of more than twelve hours. On the basis of this informatlion,
we would expect the probability of stopping to increase rapidly
with increases in elapsed time away from home. Estimatlon of
the pjj 's could be undertaken with the data now avalilable.

When estlmates of thé payoffs and transition probabilil-
~ties are available, solution of the supergame system is limited
only by the ability of the researcher to prbcess the large

10See, for instance, the work by Davidson and Suppes,
op. cit.
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volumes of data involved. With the assistance of large elec-
tronic computers the research worker is presently able to
manipulate vast quantities of information, and innovatlons

in computer téchnology are constantly expanding this ability.
Conclusions

The game-theoretic formulation presented here 1s one
of a general class of complex decision models. It has the
advantage of containing and extending present levels of
.~ knowledge in an explicilt fashion, as well as being amenable
to explicit and exact solution in specific cases. Theoretical
structures of this nature will provide normative structures
from which individual behavior patterns in the real world may
be studied. As a by-product, this formulation also permits
the inclusion of spatial behavior parameters in computer zimu-
lation systems such as Orcutt's SUSSEX (Simulation of the
Unlted States Social Economic System), which are potentially
of great value in such flelds as traffic and urban planning.11
The empirical application of this class of models ap-

pears to be currently possible, and research in the flelds of

economics and psychology is likely to increase the easée with

11Guy H. Orcutt, "A New Type of Socio-Economic System,"
The Review of Economics and Statistics, 39: 116-123 (1957).
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which the transition from the real world to the game matrix
may be made, It is felt that this method of analysis, 1if
energetically developed, will lead to a significant extension
of knowledge of individual behavior in space, and the transport

inputs which these movements generate.
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APPENDIX A: SAMPLE INTERVIEW SCHEDULES



9l

Individual Classification Sheet

Respondent Number

Sub Area Number

Name Male ( ) Female ( )

Address

Telephone Number

In Cedar Rapids ( ) Respondent's Age
Rural Non-Parm ( ) () Married ( ) Single
Farm () ( ) widowed - - ( ) Divorced

Last grade respondent completed in school

If still in school, what grade

What type school (if not public school)

Respondent's occupation

Where respondent works

Is there at least one car or truck in the family? E Yes
No

Please list the license numbers of all cars and trucks owned by

any members of the family.

Please look at this card and tell me in which group the TOTAL
FAMILY INCOME falls: .

Sex Age In-Out Inc. car Qccup.




Name

92

TRIP TRAVEL DIARY

Address

I left home at

Day of week

Date:

o'clock and on this trip I returned home

at o'clock

Seg-| Method Exact

ment of Along To Addresses| Why I
# Travel | (Name of Street)| (Name of Street)| of Stops | Stopped




Column

10

11

12

APPENDIX B

CEDAR RAPIDS SAMPLE HOUSEHOLDS: BASIC DATA

Contents
Household number.
Family size,
Family income level. (L = below $3000/year;
M = $3000 to $5000/year; H = $5000/year)
Does the family own one or more automobiles?
(X = yes)
Age of the head of the household in years.
Has the head of the household recelved any
education beyond the high school level?
(X = yes)
Does the household contain one or more full-
time workers? (X = yes)
Does the household contain one or more school
children over ten years of age? (X = yes)
Road distance, in miles, from the residence to
the nearest transit line.
Road distance, in miles, from the residence to
the CBD.
Road distance, 1in miles, from the residencg to
the nearest high order retall center.
Road distance, in miles from the residence to

the nearest medium order retall center.



Column

13

14
15

16

o4

Contents
Road distance, in miles, from the residence to
the nearest low order retall center.
Total number of trips made during the study period.
Total number of hours away from home during the
study period.
Total miles traveled during the study perlod.



1 2 3 5 7 9 10 11 12 13 14 15 16
01 3 L 24 X 0e19 16486 16468 1606 O0Oelé 18 104el 6542
02 7 L 33 X 0400 1405 0673 0403 0603 20 11447 5048
03 2 L 25 X 0623 0494 0672 0620 0el4 38 15644 12143
04 3 M 58 X 0e06 1458 1433 061 0622 41 261lel1 12344
05 6 L 30 X 0625 086 0652 0017 0617 38 13949 14844
06 3 L 63 X 0e06 1622 0697 0639 002 19 1415 T7e7
o7 3 M 30 X 0e25 0£e¢B9 0666 O0elés O0el4 27 11740 3765
08 5 L 57 X 0e¢00 1416 089 0408 0408 57 35547 6548
09 4 L 23 X De25 1447 1:321 0s58 0019 30 16146 9€.8
10 4 L 28 X 0406 1408 0680 0¢ll 0.1l 56 174e2 10940
11 3 M 27 X 0s03 1408 0680 0025 (03 19 11244 7348
1z 2 L 56 X 0e12 1e31 1620 Oe44 0405 54 290e0 19660
13 2 M 34 X 0e00 0e80 0056 0elé6 0403 35 12747 Tle1
14 4 M 32 X 0600 0e65 0Qe44 0409 0403 57 15945 9344
15 3 L 34 X 1600 2447 2623 1e61 1403 48 14841 239.2
16 2 M 43 X 0600 1470 1642 078 0405 46 27148 18942
17 2 L 58 X 0e59 2441 2617 1le47 0602 27 12242 17446
18 3 M 26 X 0636 3427 3427 04l 064l 12 9844 3062
19 2 H 30 X Oell 2459 2459 034 0412 31 2278 22145
20 2 M 55 X Oeléd 1636 1le36 0023 0003 27 7048 6942
21 6 M 39 X 0e00 2e14 2s14 Q664 0el6 38 12340 15762
22 2 L 37 X 0600 1419 1619 0602 0402 34 13143 T2e2
23 2 L 47 0¢12 0652 0652 0622 0408 11 6645 1246
24 3 L 34 X 0600 1656 1656 0602 0402 59 14364 14244
25 2 M 59 X 0620 1448 1448 0022 0412 35 10348 Tl
26 3 M 58 X 0606 26461 2461 1642 0456 47 21148 24143




1 2 3 & 5 7 9 10 11 12 13 14 15 16
27 2 L 55 X 0012 1431 1e31 0el6 0e16 21 16246 3549
28 4 M X 29 X 0022 1450 1450 026 0403 25 184e6 15946
20 5 M X 41 X 0v11l 139 1639 0019 0419 21 3448 4646
30 3 L X 26 X 0000 1le41 le4l O0el7 0e02 23 1092 61e7
31 1 L 69 0416 3400 3600 Oelé 0Oeld & 1342 2240
32 2 M X 33 X 0000 1495 1495 0e73 0elé 23 19560 71,9
33 5 L 37 X 0e53 3442 3442 0456 0e56 51 35042 17241
3 4 M X 38 X 0el2 2459 2459 0e56 036 67 238s7 1869
35 2 M X 47 X 0009 194 196 039 0420 27 2157 1751
36 5 M X 43 X 0000 2634 2434 0e69 0e48 115 39248 14843
37 2 L 60 0005 2636 2036 0Oe4l 0423 26 114e0 791
38 3 M X 46 X 0e11 1695 1495 0e61 0452 83 22447 13340
39 2 L 39 X 0603 136 1636 0430 0s06 40 16169  54el
40 4 M X 28 X 0e00 0426 0026 0609 0409 38 15047 48e1
41 &4 L X 24 X 0000 1e17 1617 Oels Oels 27 1555 7243
42 & H X 32 X 0438 2478 2078 037 037 15 8746 7346
43 4 L X 61 X 0405 2448 2448 0e53 0e34 52 2299 200e1
46 10 L X 48 X 0025 1620 1620 0e50 0e05 61 364s1 853
45 & M X 59 X 0006 1lol4 1lel4 034 0406 67 317¢3 14645
46 1 L 79 0000 0e83 0e70 022 0408 9 1140  8e3
47 4 L X 58 X 0000 0Osbé Qokl 0Ook& 002 41 23462 13149
48 2 M X 40 X 0006 1655 1602 0e48 0428 16 11945  66e6
49 2 M X 26 X 0000 1¢36 1436 0661 0620 34 154¢7 8344
50 5 H X 35 X 0000 1lelé 1el4 0e45 009 16 103e4 3764
51 2 L X 58 X 0009 1620 1420 0e31 0e31 16 80e2  30e7
52 2 L 50 X 0600 1409 1409 0e37 0008 22 69¢5 4643




1 2 3 & 5 9 10 11 12 13 14 15 16
53 2 L X 60 0400 075 0e75 0609 0409 27 10346 3245
56 2 M 56 0400 0659 0e59 028 012 25 13646 2845
55 3 H X 34 0012 2427 227 1e26 003 33 10241 11340
56 2 L 41 0400 0e59 059 0626 0eld 19  91¢8 1946
57 2 M X 47 0405 0e50 0e50 0605 0605 39 14449 5006
58 1 L X 74 0409 1400 100 0el2 0e12 5 10e8 1946
59 4 M X 33 0406 1431 1e31 0e41 0626 13 11341 2664
60 2 H X 76 0006 0e86 086 0e06 0e06 31 5761 5349
61 2 M 66 0609 2662 2462 0el7 017 20 16748 9148
62 3 H X 64 0600 2620 2020 045 0625 42 13749 104l
63 1 L 57 0ell 1661 1le6l 083 0e37 5 89  20e1
64 1 L 70 0e09 1450 1650 058 0637 &  4e0 940
65 4 H X 39 0600 1e61 1e61 0453 0e23 68 21542 17845
66 5 H X 36 0e30 1e39 1689 0e84 002 22 11249 7060
67 2 M X 32 0000 1e42 1e42 0439 0Oelés 39 23946 15249
68 2 L X 31 0e05 0¢88 Oell Oel& Oel& 22  93¢& 429
69 1 L 74 0003 1620 1620 0403 0602 10 1848  Beb
70 5 H X 49 0s14 1400 0059 0623 0605 111 40569 22647
71 3 L 45 0600 1le31 0486 039 0603 44 23946 1148
72 3 L X 32 0e47 1le41 108 055 0e37 37 16140 13842
73 3 L 45 0e11 1269 111 0658 006 41 25902 1031
74 4 L X 45 0603 095 0e53 0e20 0e05 55 325.1 1251
75 2 M X 32 0008 1484 1le34 - 0486 0s08 34 156e1  84e7
76 3 H X 69 0600 0639 0605 0¢05 005 17 2063 1246
77 2 L X 26 0sll 1lel& 0s72 022 0622 53 11246 11064
78 5 M X 41 0003 1466 0e42 0642 034 65 44247 953




1 2 3 4 5 9 10 11 12 13 14 15 16
79 2 M X 31 0e78 2422 0695 0695 0453 37 16445 6742
80 2 M X 38 0e33 2409 1e¢50 0098 0430 32 14149 159,.8
81 3 M X 39 0e28 1498 1602 0e67 Ce25 38 18449 104490
82 2 L X 25 0e00 1408 0658 039 0408 29 1621 5448
83 2 t 35 0se02 0681 0637 009 0603 28 15540 4341
84 4 M X 38 0620 1655 0653 0633 0612 68 23148 13649
85 2 L X 65 0609 1459 0662 0626 06l9 19 2641 4249
86 5 M X 67 0e09 1.2 GeBO 0633 Qsll 85 50143 2021
87 2 H X 57 0e23 1669 0673 039 0el7 28 21746 8049
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