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An assumption common to existing urban trip distribution models 
concerning the location of zones is tested by an analysis of variance 
of inter zonal trip data. The assumption is that interzonal volumes 
are independent of zonal location but are a function of zonal separa
tion. A test for the existence of a trip direction effect with respect 
to the urban center is developed and applied. 

•COMPARED with many problem areas in urban transportation planning, trip distribu
tion models are generally regarded as a relatively well-developed and operational 
methodology. In an absolute sense, however, these models must be regarded as quite 
crude, yielding only a first approximation of the urban travel pattern. For example, 
Heanue and Pyers (5) in a comparative evaluation of these models, found standard 
errors of 10 to 90 pe rcent of mean interzonal volumes computed on the basis of a highly 
aggregated spider network assignment, suggesting a need for further research. 

The study reported here investigates a basic assumption common to all trip distri
bution models through an empirical analysis of interzonal trip data. The assumption 
of interest concerns the use of zonal separation to specify the relative location of origin· 
and destination zones, thereby ignoring the effect of the direction of trips with respect 
to the urban center on inter zonal volumes. An analysis of variance model involving 
four factors-trip direction, trip length, size of destination zone, and zone of origin-is 
developed to test this assumption and to investigate general characteristics of urban 
travel patterns. Separate analyses are conducted for arterial and mass transit trips 
using data compiled by the Chicago Area Transportation Study. 

The following discussion of the assumptions of trip distribution models emphasizing 
the description of zonal locations leads to a statement of the objectives of the research. 
Following a brief discussion of the statistical model and tests of hypotheses, the results 
of the analysis are described. A discussion of the implications of the study for trip 
distribution models and urban theory concludes the paper. A more detailed discussion 
of the statistical methodology used in the analysis may be found in Boyce (!). 

ASSUMPTIONS OF 
0

TRIP DISTRIBUTION MODELS 

Currently available trip distribution models range from empirical relationships in
volving many parameters estimated from observed origin-destination patterns to simple 
probability models derived from postulates concerning the nature of urban travel. The 
former, which includes a number of variations on the gravity model concept, distributes 
trips as a function of the number of trip ends in possible destination zones and an in
verse power function or an exponential function involving travel time between zones. 
This trip distribution gravity model is a descendent of the gravity model concept in the 
social sciences (6). It is the most widely used of the operational trip distribution 
models, in part because of the availability of computer software developed by the U.S. 
Bureau of Public Roads ( 14) and others. 
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A second class of models, the opportunity models, distributes trips as a function of 
the size of destination zone and the number of trip ends or opportunities for completing 
a trip closer to the origin zone than the destination zone is to the origin zone. The in
tervening opportunities model, developed by Schneider (10, 11), is derived from simple 
postulates regarding urban travel, and has been successfullyapplied in a number of 
transportation studies (3). A related model, similar in concept but quite differently 
formulated, is the competing opportunity model of Tomazinis (13). Both models are 
similar in concept to the earlier work of Stouffer (12). Harris---r,1) has extended the op
portunity model formulation, and derived a modified form of thegravity model partly 
from the assumptions of Schneider's model. 

The following assumptions are implied in both types of trip distribution models: 

1. Travel time is an adequate measure of accessibility or ease of travel between 
zones and can be determined with sufficient accuracy for the time period of interest. 

2. The choice of length of trip is entirely influenced by the proximity of the attrac
tive forces that cause trips to occur and is not influenced by particular social and eco
nomic characteristics of a zone; rather, these characteristics are reflected in the 
number of trip ends per zone. 

3. The average travel pattern is independent of zonal locations (e.g., whether the 
two zones are radial or circumferential to each other) and is rather a function of the 
separation between zones. 

The use of travel time or a function of travel time as a measure of accessibility in 
trip distribution models (assumption 1) is a well-established procedure in nearly all 
urban transportation studies. Studies of the relationship between inter zonal travel time 
and straight line distance between zones indicate that travel time may be some simple 
transformation of airline distance. However, the use of travel time permits the in
clusion of terminal'times and takes account of geographical features, such as rivers 
and other types of barriers, more adequately than distance measures. 

The economic and social differences among zones (assumption 2) appear to affect 
the number of trip ends per zone more than the zone-to-zone movement of trips. These 
economic and social differences are explicitly accounted for in trip generation method
ology (8). There is little evidence that such differences are important in trip distribu
tion models, although some versions of the gravity model include factors for making 
special adjustments for such conditions. 

The question of the effect of location of zones on interzonal trip volumes (assumption 
3), or equivalently, the question of the direction of trips with respect to the study area, 
is the central focus of this study. Both classes of models, gravity and opportunity, 
regard destination zones as being arranged along a straight line in order of their travel 
times from the origin. From this assumption it follows that from a given origin, trips 
in all directions are equally likely for destination zones of equal size and travel time 
from the origin. Therefore, the estimates of interzonal volumes are unaffected by the 
location of these destinations in relation to the center of the urban area and the overall 
pattern of urban activities. Since both distance and direction are required to determine 
a destination location from a given origin, these 'models give no consideration to direc
tion of trips. Therefore, these models cannot distinguish between radial, circumfer
ential, or other direction-determined types of trips. For this reason assumption 3 is 
necessary to the conceptual formulation of these trip distribution models. 

The principal objective of this study, then, is to test the assumption that inter zonal 
trip volume is independent of the direction of trips, i.e., independent of the location of 
zones. A more general purpose is to devise a general statistical procedure for ex
amining questions concerning variations in inter zonal trip volumes. An analysis of 
variance model involving four classification factors is derived for this purpose .. Two 
series of experimental designs specifying combinations of these factors are applied to 
a sample of inter zonal trip data. Hypotheses on the effect of each factor and combina
tions of factors on variations in interzonal volumes are tested using this methodology. 
Following a brief description of the inter zonal trip and network data used in the study, 
the statistical methodology and test results are described. 
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Data for the Chicago area in 1956 were made available for this study through the 
cooperation of the Chicago Area Transportation Study (CA TS). The CATS inter zonal 
trip file is based on a home interview survey of 1/30 of the households residing in the 
1, 236 square mile study area in 1956 (2). The travel pattern of the sample households 
was aggregated into the 582 analysis zo'nes, and expanded to provide an estimate of the 
total interzonal travel pattern. Therefore, the data consist of 24-hr person and vehicle 
trip volumes between zones by mode of trip. Inter zonal travel was recorded in the 
survey for about 40,000 pairs of zones or about 24 percent of the possible zonal inter
changes. 

In addition to the interzonal trip file, descriptions of the transportation networks in 
1956 are necessary to determine interzonal travel time. Coded networks for 1956 with 
the travel time over each link were furnished by CATS. The arterial network, consist
ing of all freeways and principal arterials, is composed of 2, 396 nodes and 8, 807 one
way links. The mass transit network is a combination of suburban railroad, subway
elevated, and principal bus routes in the study area and consists of 1, 749 nodes and 
6, 212 one-way links. Minimum travel time paths through these networks were computed 
using a modification of a program by Martin (7) based on the Road Research Laboratory 
algorithm . -

A METHODOLOGY FOR TESTING HYPOTHESES ON VARIATION IN 
INTERZONAL TRIP VOLUMES 

A statistical model based on an experimental design was formulated for the purpose 
of testing hypotheses concerning the effects of specified factors on the variation of in
terzonal trip volume. The statistical model is the mixed model in the analysis of 
variance, in particular the T 2 procedure and the method of multiple comparisons de
scribed by Scheffe (9). 

The analysis of variance is a statistical technique for analyzing measurements, de
pending on several kinds of factors operating simultaneously to determine which factors 
are important and to estimate their magnitude. The choice of analysis of variance for 
this study is appropriate for two reasons. First, no relationship between interzonal 
volume and trip direction is specified for testing. The use of linear regression analy
sis, for example, would require that a linear function between the interzonal volume 
and trip direction be assumed. Second, trip direction is not treated as a specific direc
tion or azimuth from the center of the area but, instead, as a sector defined by two 
radials with a given included angle. The question of the variation of trip volumes due 
to a factor of this qualitative type is properly answered by an analysis of variance. 

Before the statistical model is introduced, the four factors and their levels are de
fined. Then the model is stated in terms of these factors, and meaning of the model 
and tests of hypotheses are discussed. 

Direction of Trips- Factor A 

The direction of interzonal trips from origin to destination with respect to the center 
is the principal factor of interest in this study. Trip direction sectors are defined by 
I radials (i = 1, ... , I) extending from the origin with equal included angles. The I 
sectors formed in this manner exhaust all possible trip directions from a given origin 
zone. 

An "absolute deviation" definition of trip direction sectors is necessary in this analy
sis because of the position of Lake Michigan in the otherwise symmetrical CATS study 
area (Fig. 1). The sectors are numbered in a consistent manner with sector one bi
sected by a radial through the center. Sectors two through (I-1) are divided equally to 
the left and right of sector one. Sector I is opposite sector one. For any given origin 
zone, destination zones may be classified by these trip direction sectors. Zones in 
sector one, for example, are described as "toward the center," and zones in sector I 
are "away from the center." 

In the analysis of variance, four sectors are specified in most designs (Fig. la). 
For two designs, six sectors are employed to determine the sensitivity of the analysis 
to the number of sectors specified. 
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Figure l. Definition of absolute deviation sectors. 

Length of Trips- Factor B 
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Trip length is a second classification factor included in the analysis for its well
known relation to interzonal volume. A trip length level is an interval of elapsed travel 
time from origin to destination over the arterial or transit network, depending on the 
mode being analyzed. For most of the designs, three intervals of equal length are de
fined so that in each interval the number of destination zones "linked" to the origin by 
an observed interzonal volume is as uniform as possible. For arterial trips, intervals 
of 2 to 15, 15 to 28, and greater than 28 minutes are defined. For mass transit trips, 
intervals of 4 to 12, 12 to 20, and greater than 20 minutes are defined. No interzonal 
travel times of less than 2 minutes for the arterial mode and 4 minutes for the transit 
mode are recorded. 
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Size of Destination Zone- Factor C 

Tl1e Ll1i1'd da::;::;iiicaliuu faciur, size uI desliualiun zune, is specified iu cel'Laiu de
signs to determine its effect on interzonal volume. Size of zone is measured by the 
total number of destinations; two levels are sufficient to determine the existence of an 
effect. The size classes are established so that there are an equal number of linked 
destination zones in each class. For arterial trips, 20, 800 trips is the median size; 
for transit trips, 8,400 trips is the median. 

Origin Zone by Ring- Factor D 

Factor D is composed of a sample of zones from the population of 582 zones in the 
study area. The seven concentric rings of zones about the center of the study area 
defined by CA TS were used to organize the zones into roughly homogeneous subpopula
tions. A 15 percent sample of zones was drawn from each ring. Each analysis is per
formed on the sample of zones from a given ring, each zone being a level of this random 
factor. 

Examination of the trip volumes for the sample zones from the CA TS rings revealed 
that certain rings were unsatisfactory for analysis. The density of trips from rings 6 
and 7 is too sparse to permit the analysis. Rings O and 1 were also discarded because 
of the small number of zones involved and their proximity to the center. Rings 2 and 3 
were combined into a composite ring to obtain a sample of sufficient size for the analv
sis. The data used in the analysis, then, consist of 11 zones from rings 2-3, 13 zones 
from ring 4, and 15 zones from ring 5. Separate analyses are performed for arterial 
and mass transit person trips for the sample origins from each ring. 

Interzonal Person Trips-Criterion Variable 

Based on the definitions of the four factors, the criterion variable in the analysis of 
variance is now defined. Consider inter zonal trips originating from the m th sample 
origin zone in a given ring. The destination zone of each inter zonal volume may be 
classified according to its direction from the origin, its travel time from the origin, 
and its size. Therefore, let Yijkm equal the numbei· of trips from the mlh origill zone 
in a given ring to a destination m direction i , at trip length j, and of size class k. The 
value of this random variable, Yijkmn, is the nth observation for the treatment or cell, 
ijkm. A series of N such observations drawn at random from the population of inter
zonal volumes originating at zone m constitutes N replications of this experiment (Fig. 
2). 

Two problems are associated with the use of this criterion variable in the analysis 
of variance. First, the definition calls for one-way volumes, whereas the CA TS data 
are nondirectional volumes between zones. Because of the high symmetry of inter zonal 
trips, the CATS data are taken as an acceptable substitute for the one-way volumes. 
This procedure is based on a study by CA TS (2) of the difference in one-way inter zonal 
volumes for pairs of zones selected at random, demonstrating that the distribution of 
differences approximates that expected from sampling error alone. 

The second question concerns the frequency distribution of the criterion variable, 
assumed to be normally distributed in the analysis of variance model. Studies of the 
observed volumes for the sample origin zones show a distribution highly skewed to the 
right. A natural logarithmic transformation of the data eliminates most of the skewness 
and maintains the kurtosis within acceptable limits. This transformation proved ac
ceptable and is implied in all of the following analyses. 

Discussion of Statistical Methodology 

The mixed model for the case of two fixed factors (A and B) and one random factor 
(D) is summarized as follows. The model equation is 

Y .. 
lJmn 

A B D 
µ+Di. +Di. +a 

1 J m 
AB AD 

+ Di . . + a. 
l] 1m 

BD 
+ a. 

J m 
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The classification of destination zones in each area is 
specified by the notation ijm in that area. 

Figure 2. Classification of destination zones. 

where 

µ = grand mean; 

a.P:- = main effect due to ith trip direction sector; 
l 

a.1:3 = main effect due to /h trip length interval; 
] 

aD = main effect due to mth origin zone; 
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interaction of ith sector and jth interval; 

interaction of ith sector and mth origin zone; 

interaction of jth interval and mth origin zone; 

interaction of ith sector, lh interval, and mth origin; and 

eijmn = error term. 
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Of principal concern are the main effects of factor A, trip direction, and the inter
actions with factors B and C, trip length and size of destination zone. The hypothesis 
concerning trip direction is stated as 

A 
HA: Cti = 0, i = 1, ... , I 

The meaning of testing this hypothesis of no main effects is to evaluate the magnitude of 
a series of comparisons among mean directional inter zonal volumes. The rejection of 
HA indicates that significant differences (greater than could occur by chance at the Ct 
level of significance) do exist between some of these mean volumes. Scheffe's T 2 pro
cedure, available for the foregoing model, provides an exact test of this hypothesis. 
Similar tests apply for H B and He for models involving these factors. 

The hypotheses for the interactions with trip direction are 

HAB: 
AB o, i 1 I Ct . = = 

' l j 

HAC: 
AC 

0 , i 1, I Ct . -= "' ' l j 

Ann-rnvin,';lt,=i, Ji'_t,:::::l.ctc: h-.::1c,::::i,,l nn '::l rinnirl'.=lntinn,;il ';ln<::llu<::!ic nf v-.::ari-.::anf""P t-.::ihl,::::i, -.::al"A 11c:Ail fn,... 
.L .L - ,/ -

these hypotheses. The absence of interactions is interpreted to mean that the main ef
fects are additive for the various combinations of levels considered. Other hypotheses 
of interest are tested in a similar manner. 

By plotting the profiles of the factor response surface, a graphic interpretation may 
be given to the tests of main effects and interactions. A horizontal profile is indicative 
of the absence of main effects, whereas a sloping or irregular profile suggests that a 
significant effect exists. Interaction between two factors can be detected by comparing 
the slope of profile curves. In order for the curves to be parallel, the response surface 
must be composed of the sum of the main effects. Nonparallel profiles, then, indicate 
the presence of an interaction between the two factors. 

FINDINGS AND INTERPRETATION OF ANALYSIS OF VARIANCE 

Summarized here are the findings and interpretation of the analysis of variance of 
two series of experimental designs. First, the exact T2 -tests for the five designs given 
in Table 1 are representative of the principal research findings. These designs apply a 

TABLE 1 

T 2-TESTS FOR PRINCIPAL DESIGNS 

Ring, Nu. uf No. of Trip Directiona 

Mode Sectors Intervals d.f.c Fd F,os e 

2-3,A 4 3 3, 8 1. 67 4 .07 
4,A 4 3 3, 10 1. 99 3 . 71 
5,A 4 3 3, 12 3.11 3 .40 

2-3, T 4 3 3,8 8.90 4 .07 
4,T 4 3 3, 8 9.52 4 .07 

aH A A: ai = 0, i = l, ... , 4. 

6H6: } = 0, i = l, ••• , 3, 
I 

cd .f. = degrees of freedom. 
df = [(M-h+l)/(M- l)(h-l)]T2, h = 1,J. 

d.f. 

2, 9 
2, 11 
2, 13 

2, 9 
2, 9 

Trip Lengthb 

F 

43.95 
168.84 

55 .09 

44.74 
49.50 

F.os 

4 , 26 
3 . 98 
3 . 80 

4 . 26 
4 , 26 

8 F.(}5 = value of the F distribution at the 5 percent level of significance with (h- l (, (M-h + l) degrees 
of freedom, h = I, J. 
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TABLE 2 

APPROXIMATE F-TESTS FOR PRINCIPAL DESIGNS 

Design: Source Fb C Ring, of Variation 
d .f.a ss MS F.os 

Mode 

2-3,A A: Trip direction 3 2.29 0.76 1.09 2 .62 
B: Trip length 2 206.04 103 . 02 147.17 3 . 02 
D: Origin zone 10 24.49 2.45 3.50 L. 85 
AB interaction 6 3.30 0 . 55 0 . 79 2. 12 
Residual 494-ld 346.01 0 . 70 

Total 515-1 582.13 

4,A A· Trip direction 3 5 . 39 1.80 2 .40 2 .62 
B: Trip length 2 365.91 182.96 243. 95 3. 02 
D: Origin zone 12 19. 25 1. 60 2 .13 1. 78 
AB interaction 6 4 .23 0.71 0 . 95 2 . 12 
Residual 586 437 .03 0.75 

Total 609 831. 81 

2-3, T A: Trip direction 3 15 .18 5.06 9.20 2 .62 
B: Trip length 2 114.11 57.05 103.73 3, 02 
D: Origin zone 10 26.52 2.65 4.82 1. 85 
AB interaction 6 14. 50 2.42 4 , 40 2 .12 
Residual 455- ld 249.26 0.55 

Total 476-1 419. 57 

4,T A· Trip direction 3 20.50 6.83 11 . 58 2.62 
B: Trip length 2 91.47 45 . 74 77 . 53 3.02 
D· Origin zone 10 22 . 14 2 . 21 3. 75 1 . 85 
AB interaction 6 7 . 85 1. 31 2 . 22 2.12 
Residual 406-4d 237. 16 0 . 59 

Total 427-4 379 .12 

0 d.f. ;::::: degrees of freedom. 
bf= [(M-h+ l )/(M- l )(h-l)JT2, h = l,J. 
cf .05 = va lue of the F distribution at the 5 percent leve l of significance with (h- 1 ), (M- h + 1) 
degrees of fleedom, h = I, J. 

dloss of d.f. duo to estimation of missing values. 

four trip direction sector by three trip length interval classification to the five sets of 
sample origin zones -three arterial and two transit-suitable for analysis . 

The T2 -tests are used to test hypotheses of no main effects for the trip direction and 
trip length factors (HA and HB). The hypotheses for trip length are clearly rejected 
for both arterial and transit trips, verifying the well-known decreasing relationship 
between interzonal volume and trip length. The hypotheses on trip direction, HA, can
not be rejected for arterial trips at the 5 percent level of significance. For transit 
trips , however, this hypothesis is rejected, indicating that significant variation in mean 
direction inter zonal volume does exist for this mode. Scheffe' s method of multiple 
comparisons is used to identify levels responsible for rejection of the hypotheses. For 
HA, higher mean volumes in the direction of the center are responsible for the rejection 
of the transit designs. For HB all combinations of levels are significant. 

The approximate F-tests for the first four designs are given in Table 2. These 
statistics are used to test the interaction hypothesis, HAB. In each case, all the inter
actions except AB have mean squares less than, or approximately equal to , the error 
mean square. These terms are, therefore, pooled to form a residual mean square . 
The approximate F-test is then the ratio of MSAB to MSresidual· The table indicates 
that HAB cannot be rejected for arterial trips, but is significant for transit trips. 
Therefore, for transit trips, there exists a variation between factors A and B beyond 
that accounted for by the addition of the two main effects. F-tests for HA and HB from 
Table 2 are consistent with the exact T2 -tests previously discussed. In addition, Hn, 
the hypothesis of no main effects for zone of origin, is rejected by the F-tests, as 
would be expected due to the variation in composition by zone. 
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Figure 3, Ring 2-3 arterial trips. 

Figures 3 and 4 show the profile curves from these designs . Figure 3 for ring 2- 3 
arterial trips shows the flat profiles for the trip direction factor and the sloping trip 
length profiles. The profiles are quite parallel, indicative of the absence of an interac
tion between the two factors. Figure 4 for ring 2- 3 transit trips suggests the reasons 
for the rejection of HA and HAB for the transit case. Sector 1 has a much higher mean 
volume than other sectors. The nonparallel tendency of the profiles leading to a rejec
tion of HAB is also pronounced in these curves. 
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Figure 4. Ring 2-3 transit trips •. 

Summarizing these principal findings, a trip direction effect is significant for transit 
trips, higher in the direction of the center, but not for arterial trips. A significant· 
interaction also occurs for transit trips, indicating that the effect of trip length on mean 
volumes differs by direction of trips. Finally, there is a small effect associated with 
the zone of origin. Several additional ring 4 designs consisting of a six sector definition 
for trip direction and from two to nine intervals for trip length were analyzed to test 
the sensitivity of these principal findings to the definition of levels. No significant de
viations from these findings were identified in the analysis of these designs. 
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Figure 5. Ring 4 arterial trips. 

The analyses of a second series of designs are now considered, to determine the 
effect of size of destination zone on the foregoing results reported. T 2-tests for a four 
sector by two size of zone design for the ring 4 arterial trips result in the rejection of 
He, the hypothesis of no main effect for size of zone. However, HA and HAe are not 
rejected. Due to data limitations, this design could not be implemented for ring 4 
transit trips . 

T2-tests and F-tests were computed for a three interval by two size of zone design 
for both ring 4 arterial and transit trips. In each design HB and He are rejected. 
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Also, HBC, the interaction hypothesis, is rejected for both designs. The profile curves 
for ring 4 arterial trips suggest the reason for the rejection of HBC (Fig. 5). The size 
of zone mainly affects inter zonal volumes to nearby destinations. For zones in trip 
length intervals two and three, the size of zone profiles are nearly flat. A similar re
sult is found for ring 4 transit trips but only in the third trip length interval. 

IMPLICATIONS FOR TRIP DISTRIBUTION MODELS AND ANALYSIS OF 
TRAVEL PATTERNS 

The primary purpose of this study is to evaluate the assumption that interzonal vol
umes are independent of the location of zones and are, instead, a function of the separa
tion of zones. An evaluation of the assumption is provided by testing the hypothesis 
that mean inter zonal volumes classified by the direction of trip are constant. The im
plications of the findings described in the foregoing for this assumption are clear. For 
arterial trips, the assumption is valid; for transit trips the assumption is not substan
tiated. 

This observed bias in trip direction toward the center for transit trips coincides 
with the radial location of the rail transit network in the study area in 1956. Although 
a radial freeway system was a major component of the arterial network in 1956, a 
similar bias in trip direction for arterial trips is not evident. Two reasons are sug
gested for this apparent inconsistency. First, the difference in interzonal travel time 
between rail transit and bus transit is probably much greater than between freeway and 
arterial facilities. Therefore, there is a more pronounced bias in the transit network 
toward the center than for the arterial network. Second, there are inherent disad
vantages in trip distribution models that consider arterial and transit trips separately. 
A tripmaker' s selection of a destination zone is probably not based on a choice among 
a rail transit ride,. a bus ride, or a combination of the two as suggested by trip distri
bution models, but rather a choice between some combination of transit and auto trips. 
One can speculate that if rail transit service were available in all directions (a very 
unlikely event due to considerations of economic feasibility), the bias in trip direction 
toward the center would be reduced. At the same time, such a rail transit network 
might result in fewer arterial trips in noncentral directions resulting in a trip direction 
effect for arterial trips. 

This problem of choice between modes has been studied separately from the trip 
distribution problem in urban transportation planning. The questions raised by the fore
going discussion document the need for future research to develop models in which the 
choice of mode and selection of destination zone are determined within a single formula
tion. At that time, the finding of this study regarding a trip direction bias in mass 
transit trips should be considered. 

A secondary objective of this research was to develop a statistical methodology for 
the analysis of urban travel patterns. The mixed model in the analysis of variance is 
an appropriate technique for this problem and is applied successfully in this study. The 
application of the multivariate T 2 technique in this study reveals the potential contribu
tion of multivariate statistical analysis to problems of spatial behavior and structure. 

In addition to the results on trip direction discussed, the mixed model enables the 
testing of hypotheses on other factors related to urban travel patterns. As expected, 
the variance associated with trip length is significant throughout. The size of the 
destination zone is also a significant factor. The significant interaction between size 
of zone and trip length indicates the influence of size decreases as trip length increases. 

The uniformity of the total trip pattern by trip direction is a second finding demon
strated by the study results. For the Chicago area with its large and important central 
area, the almost negligible impact of the center on the travel pattern suggests the need 
for a revised approach in some studies of urban location and structure. Many theoreti
cal studies of urban location make the simplifying assumption that employment and trade 
occur only at the center. Although such assumptions may greatly facilitate the develop
ment of theory, it appears that in this case the assumption may be so far removed from 
reality that the resulting theory yields few operational constructs or testable hypotheses. 
A relatively simple but probably much more useful assumption is that employment and 
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trade are uniformly distributed over the urban area, and the center is merely the point 
at which the initial development occurred. From this assumption, distribution of trip 
length can be obtained, and the transportation cost necessary for a theoretical develop
ment computed. In view of the results of this study, it appears that such a reorienta
tion of theory could lead to the development of a more adequate urban theory than is 
presently available. 
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