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Multiple-regression analysis of trip generation based on data 
aggregated to the zonal-average level is discussed with respect 
to its descriptive and predictive accuracy. The validity of the 
major assumptions underlying this methodology is examined. 
Certain statistical characteristics of the zone sampling distri
butions are examined in order to determine (a) the accuracy 
and reliability of the mean as a representative measure of the 
individual household trip-generation rates and socioeconomic 
characteristics and (b) the relative homogeneity of analysis 
zones with respect to household trip-generation rates and socio
economic characteristics. Sources of variation in household 
trip-generation rates and socioeconomic characteristics are 
analyzed to evaluate the effect of data aggregation on the ex
planative ability of trip-generation equations. 

The zone-sampling distributions exhibited a considerable 
degree of dispersion and skewness, rather than normality, im
plying that zonal averages are not truly representative of the 
individual household traits. The majority of the residential 
zones were relatively heterogeneous with respect to household 
trip-generation rates and socioeconomic characteristics. This 
finding refutes the validity of the commonly accepted assump
tion of zonal homogeneity. The aggregation of individual house
hold trip-generation rates to zonal averages left only a small 
percentage of variation for use in fitting the regression equa
tion, thereby reducing the explanative ability of the resulting 
equation. When multiple-regression analysis preceded aggre
gation of the data, the resulting trip-generation equation ex
plained a greater percentage of the total variation in the de
pendent variable without sacrificing any significant degree of 
accuracy in describing existing data. 

•TIIE PRESENT STATE of transportation planning technology is characterized by rel
atively sophisticated statistical techniques. The rapid refinement in transportation 
planning technology, from its initial rule-of-thumb approach to its present state, can 
be attributed largely to the impetus provided by increasing travel desires and the re
sulting financial involvement of the federal government in the nation's transportation 
problems. 

The present transportation planning process consists of four integrated steps: (a) 
inventories, (p) analysis of existing conditions and calibration of forecasting techniques, 
(c) forecast, and (d) systems analysis. The calibration of forecasting techniques in
volves the development of trip-generation and trip-distribution models. Because the 
accuracy of the results of the trip-distribution models is contingent on the development 
of accurate trip-generation information, it is not surprising that increased attention is 
being given to the trip-generation phase of transportation planning. 
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One limitation that has plagued household trip-generation methodology for some 
time is the inability of trip-generation equations developed for one city to duplicate ac 
curately the zonal trip-generation data from another city. This limitation is one of 
the primary reasons for the need to conduct rather extensive and costly origin -destination 
surveys in each city or area for which future travel patterns are to be forecast. This 
lack of general applicability of household trip-generation equations is thought to be a 
result of the peculiarities of the different study areas, but sufficient research has not 
been focused on the present household trip-generation equation methodology to rule out 
the possibility of some basic fallacies in the statistical logic of the methodology. 

The ease with which trip-generation equations can be developed using "canned" 
multiple -regression programs has resulted in widespread use of this technique. Too 
often, however, insufficient consideration has been given to the statistical characteris
tics of the zonal data being used in the multiple-regression analysis. As early as 1950, 
Robinson (3) pointed out the incorrectness of attempting to explain the behavior of in
dividuals based on ecological cor relations. Robinson distinguishes ecological correla
tions from individual correlations by defining an individual correlation as one in which 
the statistical object is indivisible, and an ecological correlation as one in which the 
statistical object is a group. 

In developing household trip-generation equations from zonal averages, ecological 
correlations are being used to explain the trip-making behavior of individual house
holds. Unfortunately, the incorrectness of such a procedure can be disguised in the 
results of the multiple-regression equation because of ecological fallacies resulting 
from the use of aggregated data; the equation will appear to describe rather accurately 
the existing zonal trip-generation data. However, descriptiveness is only one criterion 
of model-building. Sound statistical 1'easoning is also necessary if the resulting model 
or equation is to be truly predictive. 

The hypothesis of this discussion is that the use of zonally aggregated data, such as 
the zonal mean, in the development of household trip-generation equations is statisti
cally incorrect and results in a deceptively large degree of association between the in
dependent and dependent variables in the multiple-regression equation. Furthermore, 
zonal aggregation obscures the true relationships between household trip-generation 
rates and household socioeconomic characteristics making it difficult, if not impossi
ble, to develop general trip-generation equations-those that would be applicable to more 
than one study area. 

The preceding hypothesis was tested by using household trip-generation and socio
economic data from an origin-destination survey conducted in Raleigh, North Carolina, 
to examine the statistical characteristics of the zone samples. This, in turn, led to 
conclusions regarding (a) the accuracy of the zonal mean as a measure of household 
trip-generation rates and socioeconomic characteristics, (b) the reliability of the zone 
sample mean as an estimate of the zone population mean, and (c) the homogeneity of 
the zones as accepted by present trip-generation methodology. 

An analysis of variance of household trip-generation rates and certain socioeconomic 
characteristics enabled the identification of the major sources of variance in the in
dependent and dependent variables used in the multiple-regression trip-generation 
equation-a matter of considerable significance in the justification of the use of zonal 
averages in multiple-regression trip-generation equations. 

The calculation of simple correlation matrices, for household trip-generation rates 
and selected socioeconomic characteristics based on both zonal averages and individual 
household data, enabled a determination of the degree to which the use of zonal averages 
obscures the true relaliunship between household trip-generation rates and household 
socioeconomic characteristics. 

Finally, the development of multiple-regression trip-generation equations, from 
zonally aggregated data and also from individual household data, enabled a comparison 
of the accuracy of the resulting equations in explaining the variations in the dependent 
variable and also the accuracy of the equations to duplicate existing zonal trip-generation 
data. Furthermore, an analysis of the equations enabled certain tentative conclusions 
to be made regarding the predictive ability of the equations and also their probable gen -
eral applicability. 
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DATA COLLECTION 

The trip-generation data used in this study were obtained from the home-interview 
survey of the Raleigh Urban Area Thoroughfare Study conducted by Harland Bartholomew 
and Associates for the North Carolina State Highway Commission in cooperation with 
the U.S. Bureau of Public Roads. The home-interview survey covered a one-in-eight 
dwelling-unit sample of the entire urban area and was conducted in accordance with 
procedures recommended by the Bureau of Public Roads. The area within the external 
cordon line was subdivided into approximately 300 traffic analysis subzones, of which 
184 were residential zones. 

ACCURACY OF THE ZONAL MEAN 

The underlying assumption justifying the use of the zonal mean in household trip
generation analysis is that it is reasonably representative of the trip-making and socio
economic characteristics of individual households within the zone. This assumption of 
representativeness implies that the mean is the value around which the zone-sample 
distribution is centered, further implying normality of the distribution. In addition to 
the requirement of centrality of the mean is the requirement that the individual house
holds should be reasonably homogeneous in order for the mean to be truly representa
tive of the zonal data. Janes (8) recognized the importance of homogeneity with respect 
to household traits if zonal averages were to be correlated with volumes of traffic gen
eration. He agreed that zonal averages would not be representative of the whole set of 
households if the zones were not homogeneous with respect to the household traits mea -
sured by those zonal averages. 

The validity of these assumptions, with regard to household home-based trip-generation 
rates and selected socioeconomic characteristics, was investigated by examining cer
tain descriptive statistical characteristics of the zone sampling distributions. The Bu
reau of Public Roads (10) pointed out that such investigations had long been overlooked 
in trip-generation research. 

Zonal Household Trip-Generation Rates 

For the examination of the statistical characteristics of the zone sampling distribu -
tions, 29 zones were initially selected at random from the 184 residential origin
destination zones included in the original home-interview survey. (For the purpose of 
simplicity, the term zone is used instead of subzone throughout this study. In the orig
inal origin-destination survey, the subzone was used to describe a further subdivision 
of an origin-destination survey zone.) Descriptive statistics, including the mean and 
standard deviation, were calculated from the data for each of the 29 zones. The sam -
pling distributions for total home -based trips per household were plotted in the form 
of a frequency histogram for 6 of the 29 randomly selected zones. One zone was se
lected from each of the 6 study area sectors. (In the origin-destination survey, the 
Raleigh urban area was divided into six geographical sectors, which were further sub
divided into districts and subzones.) 

An analysis of these frequency histograms, two of which are shown in Figure 1, in
dicated two statistical characteristics of zone sample distributions that have a signif
icant bearing on the validity of the assumption of representativeness of zonal averages. 
The shape of the histograms indicates that the zone sampling distributions are skewed 
rather than normal, and that the spread or dispersion of the distribution along the x
axis implies a certain degree of nonhomogeneity within the zones. 

A determination was made of the degree to which the zonal average was the central 
value around which the zonal data were grouped by comparing the mean with the median 
value of the distribution. If the zonal data were truly centered around the mean, there 
would be no significant difference between the mean and the median. 

Table 1 gives the degree to which the zonal average is a central value around which 
are grouped total home-based trip-generation rates for individual households within a 
particular zone. These data provide a basis for questioning the value of the zonal aver
age as a measure of the central location of the individual household, total home-based 
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TABLE 1 

ZONAL AVERAGE DEVIATION FROM C ENT RAL VALUE 
OF INDIVIDUAL HOUSEHOLD TOTAL HOME-BASED 

TRIP-GENERATION RATES 

Household Household 

Median 
With Total With Total 

Zone Value, x Home-Based Home -Based 
No. Trip-Gener~ion Trip-Gencr~ion x,. Rate s " X Rates ~ X 

(percent) (percent) 

1110 5.8 7.9 65.5 34.5 
2162 6.8 7 ,3 56.0 44.0 
3620 4.6 5.7 66.0 34.0 
4240 6.6 8.1 57 .0 43.0 
5041 5.6 7 .3 65.0 35.0 
6052 4 .9 6.0 63.0 37 .o 

trip-generation rates. This , in turn, 
raises doubt as to the zonal average's 
representativeness of individual house
hold data. 

Zonal Household Socioeconomic 
Characteristics 

The statistical characteristics of the 
zonal sampling distribution of automobile 
ownership and family size per household 
were calculated, and the sampling distri 
butions for household automobile owner -
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TABLE 2 

WNAL AVERAGE DEVIATION FROM CENTRAL VALUE 
OF INDNIDUAL HOUSEHOLD CHARACTERISTICS OF 

AUTOMOBILE OWNERSHIP 

Household Household 

Zone Median With With 
Value, x Automobile Automobile 

No. x,. Ownership s X Ownership > X 
(percent) (percent) 

1110 1.1 1.7 73.0 27.0 
2162 1.4 1.7 74.0 26.0 
3620 0.4 0.7 75.0 25.0 
4240 0.9 1.5 67.0 33 .0 
5041 0.7 1.3 78.0 22.0 
6052 O.B 1.3 73.0 27.0 
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TABLE 3 

ZONAL AVERAGE DEVIATION FROM CENTRAL VALUE 
OF INDNIDUAL HOUSEHOLD CHARACTERISTICS OF 

FAMILY SIZE 

Median Household With Household With 
Zone 

Value, x Familt_ Famil)'.__ 
No. Sizes X Size> X x,. (percent) (percent) 

1110 3.1 3.9 69.0 31.0 
2162 3.2 3.5 64.0 36.0 
3620 2.8 3.3 68.0 32.0 
4240 2.3 2.9 65.0 35.0 
5041 2.2 2.8 68.0 32.0 
6052 3.9 4.4 68.0 32.0 

ship and family size were plotted in the form of frequency histograms for 6 of the 
initial 29 randomly selected zones. 

Histograms for two of the zones, shown in Figures 2 and 3, exhibit some degree of 
skewness rather than normality as did the finding with respect to the trip-generation 
rate sampling distribution. However, the spread or dispersion of the distributions along 
the x-axis is not as large for the household characteristics of family size and automo
bile ownership as it was for household total home-based trip-generation rates, implying 
that zones may be more homogeneous with respect to automobile ownership and family 
size than they are with respect to total home-based trip-generation rates. 

Tables 2 and 3 give the degree to which the zonal average deviates from the central 
value around which are grouped the individual household characteristics of automobile 
ownership and family size. These data indicate that the zonal averages for household 
automobile ownership and family size deviate to some degree from the central location 
of the zonal data, thus providing a basis for questioning the validity of the assumption 
of the representativeness of the zonal average. 

THE RATIONALE OF AGGREGATION 

The basic reason for aggregating origin-destination survey data in trip-generation 
methodology is that " ... enough behavior must be aggregated to have statistically stable 
data and to discern consistent group travel behavior patterns" (10, p. 55). The same 
study indicates that, although the individual is, in essence, the basic trip-making unit, 
the magnitude of the unexplained variation that exists in the individual's travel behavior 
makes trip-generation analysis impractical at this level. Thus, by aggregating travel 
behavior to the household level, the Bureau of Public Roads (10) concluded that there 
is an increase in the statistical stability of data results. However, trip-generation 
methodology has for some time utilized the origin -destination survey zone as the level 
of aggregation from which trip-generation equations are developed. 

The basic hypothesis of the present study is that the use of zonally aggregated house
hold data results in the development of inaccurate predictive trip-generation equations. 
The findings of Robinson (3) imply that such inaccuracies are attributable to the use of 
aggregated data from analysis areas that have a consider able degree of nonhomogeneity. 
Janes states more specifically the chru:acteristics of the basic data that contribute 
to inaccuracies in the trip-generation equations developed by multiple-regression tech
niques (8, p. 14): "Two conditions which may increase the possibility of ecological 
fallacy concern (l)the heterogeneity of the ecological units, in this case the survey 
zones, and (2) the source of variance in the dependent variables in the ecological cor
relation." 

Therefore, this section of the discussion will examine, in greater detail, the implica
tions of zonal aggregation with respect to zonal homogeneity and the sources of variation 
in the variables used in the trip-generation equation. 
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Zonal Homogeneity 

The primary basis for utilizing zonally aggregated data has been the assumption that 
geographical proximity results in similarity of households with respect to trip-making 
and socioeconomic characteristics. The validity of this assumption is examined in the 
following. 

Household Trip-Generation Rates-The degree to which the data in any particular 
zone are more or less heterogeneous than the data of the total area, from which that 
particular zone was formed, can be considered as a measure of the relative homogeneity 
of the zone. This relative homogeneity can be measured by comparing the zonal sample 
standard deviation to the total area sample standard deviation. This ratio, a measure 
of the relative zonal homogeneity, will be referred to hereafter as the relative zonal 
homogeneity index (RZHI). Cumulative frequencies of the RZHI for the household trip
generation rates were tabulated 

The conclusion to be drawn from an RZHI of 1. 00 is that the particular zone is no 
more homogeneous, with respect to the household trait whose zone sampling distribu
tion standard deviation was calculated, than the entire study area. However, because 
we are, in effect, making conclusions about the homogeneity of the zone population while 
measuring the homogeneity of the zone sample, the sampling variation in the standard 
deviation must be taken into account. 

The sampling variation in the zone sample standard deviation was taken into account 
by determining, for each of the household trip-generation rate stratifications, a critical 
value of the RZHI. By definition, this critical value is such that any zone having a 
RZHI that is equal or greater in value will be considered to be significantly hetero
geneous in regard to the household trait whose sampling distribution standard deviation 
is being considered The mathematical logic on which this critical value is based is 
given in the Appendix. 

Table 4 gives the critical relative zonal homogeneity index (CRZHI) calculated for 
each of the household trip-generation rate stratifications. Table 4 also gives the sum
maries of the results of applying these· critical values to the tabulated cumulative fre
quencies for the household trip-generation rate RZHI's. 

Based on the summary of the zonal homogeneity analysis given in Table 4, it can be 
concluded that a large enough number of zones show a significant degree of nonhomoge
neity, and refute the assumption of zonal homogeneity, at least with respect to house
hold trip-generation rates. 

Household Socioeconomic Characteristics-Cumulative frequencies of the ratios of 
zone sample standard deviations to total study area sample standard deviations with 
respect to household socioeconomic characteristics were also tabulated. Based on the 
summary of the analysis of zonal homogeneity, as given in Table 5, it can be concluded 
that a large enough number of zones show a significant degree of heterogeneity to refute 
the assumption of zonal homogeneity, with respect to household socioeconomic char
acteristics. 

Although the results of this analysis of zonal homogeneity, with respect to household 
socioeconomic characteristics, support the findings of a similar, but somewhat more 

TABLE 4 

CRITICAL RELATIVE ZONAL HOMOGENEITY INDEXES 
AND SUMMARY OF ZONAL HOMOGENEITY ANALYSIS 

FOR HOUSEHOLD TRIP-GENERATION RATES 

Trip-Generation Rate 
Zones Having 

CRZHI RZHI ~ CRZHI 
stratification (percent) 

Total home-based 0.749 63.0 
Total automobile-driver 

.... __ ,. L..,.,..,..,-1 ~ . '?"!~ ~~ .? uv.i.u . ..,-..,...,~..,...,. 

Automobile-driver 
home-based work 0.731 58.6 

Total home-based work 0.749 75.8 

Note: CRZHI =critical relative zonal homogeneity index; and RZHI =relative zonal 
homogeneity index, 

TABLE 5 

CRITICAL RELATIVE ZONAL HOMOGENEITY INDEXES 
AND SUMMARY OF ZONAL HOMOGENEITY ANALYSIS 
FOR HOUSEHOLD SOCIOECONOMIC CHARACTERISTICS 

Socioeconomic 
Characteristics 

Automobile ownership 
Family size 
No. of persons aged 5 and 

over 
Income level 

CRZHI 

0.755 
0.755 

0.754 
0.754 

Zones Having 
RZHI ~CRZHI 

(percent) 

55.4 
72.9 

68.9 
41.4 



TABLE 6 

SUMMARY OF THE ANALYSIS OF VARIANCE FOR TOTAL HOME-BASED 
TRIPS PER HOUSEHOLD 

Level of 
No . of 

Analysis TSS wss Percent TSS BSS Percent TSS 
Aggregation Areas 

Section 6 118,047 115, 505 97.84 2,541 2.16 

District 19 118,047 111, 782 94.69 6,264 5.31 

Zone 184 118,047 103, 579 87.74 14,468 12.26 

Household 4,159 118,047 0 o.oo 118,047 100.00 

Note: TSS = Lot.a.I sum of squares (totaJ varialion); WSS = within 11um of aquare11 (lhal portion or total variation existing within Lhe 

1 analysia area); and BSS = between sum of squares (that portion of total varialion existing between analysis areas). 
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limited, analysis reported by Fleet and Robertson ('.!), they are in direct disag1·eement 
with the findings reported by Janes (!!). Fleet and Robertson reported the results of 
their analysis of the frequency distribution of the homogeneity index for automobile 
ownership only. Furthermore, tbey did not establish a critical value for the homoge
neity index. Using a Gutman-type scale analysis procedure, Janes, on the other hand, 
concluded that the zones in the Champaign-Urbana, Illinois, study area were homoge
neous with respect to occupation, make of automobile, and value of structure-socio
economic variables that he considered to be pertinent in the relationship between house
hold trip generation and household socioeconomic characteristics. 

Sources of Variation 
Because the multiple-regression analysis technique utilizes the variation between 

observations in developing the estimating equation, the amount of this between variation 
that is explajned by the resulting multiple-regression equation is a measure of the 
predictive ability or reliability of the equation. 

Household Trip-Generation Rates-The sources and amount of variation that are 
available at each level of aggregation were determined for utilization in the multiple
regression analysis. To do so, the total variation in total home-based trip-generation 
rates was analyzed using a one-way analysis of variance. This statistical technique 
separates or partitions the total variation associated with a variable, such as total 
home-based trip-generation rate, family size, or automobile ownership, into its com
ponent parts. Its pertinent components are the variation within analysis areas (levels 
of aggregation) and the variation between analysis areas. 

The calculations for the analysis of variance were carried out on the Triangle Uni
versity Computing Center's IBM 360 Model 75 computer using the TSAR system. TSAR 
(Tele-Storage-And-Retrieval) is a computer-oriented system developed and maintained 
by Duke University for storing, retrieving, processing, and analyzing data. 

The results of the analysis of variance given in Table 6 indicate that, when zonally 
aggregated total home-based trip-generation rates are used in the multiple-regression 
trip-generation analysis, only 12.26 percent of the total variation in total home-based 
trip-generation rates is utilized A further analysis of Table 6 shows that as the level 
of aggregation increases, the between sum of squares, expressed as a percentage of the 
total variation in total home-based trip-generation rates, decreases. (The between sum 
of squares is the variation in total home-based trip-generation rates between analysis 
areas.) 

The significance of these findings is of particular importance with respect to the 
predictive ability of the trip-generation equations developed from zonally a.ggregated 
trip-generation data. It is reasonable to assume that as the percentage of the total 
variation utilized in the development of the trip-generation equation decreases, the 
predictive ability of the trip generation will decrease. 

Household Socioeconomic Characteristics-An analysis of variance performed on 
household family-size and automobile-ownership data resulted in the summaries given 
in Tables 7 and 8. Although the analysis of variance summaries given in Tables 7 and 
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TABLE 7 

SUMMARY OF THE ANALYSIS OF VARIANCE FOR HOUSEHOLD FAMILY SIZE 

Level of No. of 

Aggregation Analysis TSS wss Percent TSS BSS Percent TSS 
Areas 

Section 6 11,423 11,055 96.78 367 3.22 
District 19 11,423 10,449 91.47 974 8.53 
Zone 184 11,423 0,908 78.69 2,434 21.31 
Household 4,352 11,423 0 0.00 11,423 100.00 

TABLE 8 

SUMMARY OF THE ANALYSIS OF VARIANCE FOR 
HOUSEHOLD AUTOMOBILE OWNERSHIP 

Level of No. of 

Aggregation Analysis TSS WSS Percent TSS BSS Percent TSS 
Areas 

Section 6 3,004 2,705 90.04 299 9.96 
District 19 3,004 2,413 80.33 590 19.67 
Zone 184 3,004 2,007 66.80 997 33.20 
Household 4,352 3,004 0 o.oo 3,004 100.00 

8 indicate that from 70 to 170 percent more of the total variation in the household char
acteristies of family size and automobile ownership is utilized in multiple-regression 
trip-generation analysis, there still remains a large percentage of the total variation 
that is not utilized in the multiple-regression analysis. This occurs when zonally ag
gregated, household family-size and automobile-ownership data are used, ratbe than 
when zonally aggregated, total home-based trip-generation rate data are used. The 
preceding findings, in addition to providing further evidence against the validity of the 
asswnption of zonal homogeneity, imply that relationships or correlations developed 
between variables representing aggregated data will be inaccurate, because there is a 
considerably larger portion of variation within zones than between zones. 

ECOLOGICAL FALLACIES RESULTING FROM 
THE USE OF AGGREGATED DATA 

Household Trip-Generation Relationships 

A determination was made of the effect that aggregating the home-interview sw·vey 
data to the zonal average has on the relationships between certain household charac
teristics and total home-based trip-generation rates. This was done by determining 
the coefficients of correlation for individual household data and for data aggregated to 
the zonal-average level. The correlation coefficients for these two levels of aggrega
tion are given in Tables 9 and 10. Table 11 summarizes these and other changes in 

TABLE 9 

ZONAL AVERAGE HOUSEHOLD DATA-HOUSEHOLD TRAIT CORRELATION MATRIX 

Household Trait 

Income level 
Automobile ownership 
Family size 
No. of persons aged 5 

and over 

Automobile 
011.'!!~!'~Mr 

0.8014 

Family 
~i!7.P. 

0.0736 
0.1390 

No . of Persons 
A!:"ed 5 and Over 

0.0672 
0.1266 
0.9374 

Home-Based Trips 
per Household 

0.6154 
0.6476 
0.4534 

0.4805 



TABLE 10 

INDIVIDUAL HOUSEHOLD DATA-HOUSEHOLD TRAIT CORRELATION MATRIX 

Household Trait 

Income level 
Automobile ownership 
Family size 
No. of persons aged 5 

and over 

Automobile 
Ownership 

0.5796 

Family 
Size 

0.1930 
0.2208 

TABLE 11 

No . of Persons 
Aged 5 and Over 

0.2012 
0.2375 
0.9072 

Home-Based Trips 
per Household 

0.3800 
0.4189 
0.4649 

0.5197 

PERCENTAGE OF CHANGE IN HOUSEHOLD TRAIT CORRELATIONS WHEN INDIVIDUAL 
HOUSEHOLD DATA ARE AGGREGATED TO THE ZONAL AVERAGE LEVEL 

Household Trait 

Income level 
Automobile ownership 
Family size 
No. of persons aged 5 

and over 

Automobile 
Ownership 
(percent) 

+38.2 

Family 
Size 

(percent) 

-61.8 
-37.0 

No. of Persons 
Aged 5 and Over 

(percent) 

-66.6 
-46.7 
+ 3.3 

Home-Based Trips 
per Household 

(percent) 

+61.9 
+54.l 
- 2.6 

- 7 .5 
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household trait relationships resulting from the use of household data aggregated to the 
zonal-average level. These changes in correlation given in Table 11 emphasize the 
clouding effect that aggregation has on basic relationships between household travel and 
certain household socioeconomic characteristics as pointed out by Fleet and Robertson 
(7 ). The significance of these changes in basic relationships is that they have implica
tions with respect to the validity and reliability of trip-generation equations developed 
from aggregated data. 

Household Trip-Generation Equations 

It has been shown that the relationships between certain household traits change 
when aggregated data rather than individual household data are used to develop the rela -
tionships. It is reasonable, therefore, to expect the trip-generation equations devel -
oped from aggregated data to exhibit some differences from those developed from in
dividual household data. Table 12 gives the trip-generation equations developed from 
both individual household data and zonal average data. 

Based on the coefficient of determination and the standard error of estimate (two 
standard statistical measures for evaluating multiple-regression equations), the trip-

Level of 
Aggregation 

Household 

Zonal average 

TABLE 12 

COMPARISON OF BASIC TRIP-GENERATION EQUATIONS DEVELOPED FROM 
NONAGGREGATED VS AGGREGATED DATA 

Trip-Generation Equation No . of R2 Sy.x Observations 

Home-basedtripsperhousehold; (-1.0889 + 0.6394IL 
+ l.8328PFO 
+ l.4401AO 
- 0.1774FS) 4,158 0.38 4.18 

Home-based trips per household ; (-1.4169 + 0.7485IL 
+ l.6482PFO 
+ l.6849AO 
- 0.1846FS) 184 0 .61 l.38 

y Percent 
Sy .x 

7.49 55.81 

7 .43 17 .23 

Note: R2 = coc:(Cicient of detetroln•tkJl'!l j Sy.x • .ilJ1J1d11rd error of C'tlimalc; Y =mean of Ilic drpi!!nd1mt variable; l"'rco•nl Sy.it= pcrccnlagc of stan<lunJ error oi Lht ""timalc or Sy 0JY; 
CL= houtc"hold income 11'..n:I; rro = numhrro·r pcrscms lri,l.(ld 5 anJ over; AO= househofd IU1omobilc ownership; on<l FS = household family .i:cc. 
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TABLE 13 

COMPARISON OF ADJUSTED BASIC TRIP-GENERATION EQUATIONS 

Level of 
Trip-Generation Equation y Percent 

Aggregation RMSE 
RMSE 

Household Home-based trips per household/zone = N(-1.0889 + 0.6394IL + 1.8328PFO 
+ 1.4401AO) 168.28 30.82 18.31 

Zonal average Home-based trips per household/zone = N(-1.4169 + 0.7485IL + 1.6482PFO 
+ 1.6849AO) 168.28 27.94 16.61 

Note: RMSE = mol·mellll-squlll'e error; percent RMSE =percentage or root-mean-square error or RMSE/Y; and Y =mean of the drpcndent variable {lolal home-based trips per zone) . 

generation equation developed from zonal averages appears to be superior to the equa
tion developed from the individual household data. However, this is not the case. 

The analysis of the amount of variation that existed in household total home-based 
trip-generation rates (see Sources of Variance, p. 75) revealed that the within-zone 
variation accounted for approximately 87. 7 percent of the total 'variation whereas the 
between-zone variation accounted for only 12.3 percent of the total variation when the 
household total home-based trip-generation data were aggregated to the zonal level. 
Theref.ore, when the coefficient of determination is adjusted to reflect the total amount 
of variation in total home-based trips per household that exists at the zonal-average 
level of aggregation, the value of R ckops to 7. 5 percent (0. 61 x 0.123 ). 

It is evident; therefore, that the use of aggregated data has resulted in a deceptively 
high value for R2

• A similar conclusion was reached by Fleet and Robertson (7) with 
respect to zonal home-based work-trip-generation equations developed from aggregated 
data. 

Because R2
, the coefficient of determination, measures the percentage of total varia

tion in a dependent variable that is explained or accounted for by the combination of the 
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independent variables included in the equation, the higher the value of R2
, the greater 

will be the reliability of the association or relationship between the dependent and in
dependent variables. Therefore, the inherent danger in such a deceptively high value 
of R2 is that the trip-generation analyst could be deceived into thinking that the equation 
had a high degree of reliability with respect to the trip-generation relationship de
scribed, when in fact it did not. 

Furthermore, there appears to be a considerable difference between the two equa
tions in the percentages of the standard errors of the mean. However, an analysis of 
the results of estimates of the unexpanded home-interview trip data obtained from the 
two equations (as given in Table 13 and shown in Figs. 4 and 5) indicates that, in fact, 
the descriptive accuracy of the trip-generation equation developed from the nonaggre
gated data is as acceptable as that of the equation developed from the aggregated data. 
In fact, if family size were included in the equation (it could be argued that its F-value, 
3.34, is not sufficiently less than the critical F-value, 3.84, to justify its exclusion) de
veloped from the nonaggregated data, this equation would then provide a more accurate 
estimate of the unexpanded home -interview survey trip data than the equation developed 
from the data aggregated to the zonal-average level. 

Family size was found to be more significant in the trip-generation equation devel -
oped from unaggregated data because of the fact that the correlation between family 
size and the number of persons five years old or older increased when the data were 
aggregated to the zonal-average level, thus disguising any distinction that might exist 
between those two variables. 

The increase in correlation between family size and number of persons five years 
old or older caused by data aggregation resulted in a sufficient decrease in the signif
icance of the variable (family size) in the trip-generation equation. The greater sig
nificance of family size in the trip-generation equation developed from nonaggregated 
data is indicated by its F-value of 3.39 as compared with its F-value of 0.21 in the 
zonal-average trip-generation equation. 

These effects of the use of aggregated data on trip-generation equations, namely, the 
change in the basic trip-generation relationships, the reduction in the coefficient of 
determination, and the decrease in significance of certain variables resulting in their 
exclusion from the equation, raise doubts as to the predictive ability of trip-generation 
equations developed from zonally aggregated data. That these same effects may also 
be one of the major reasons for the failure of trip-generation equations to exhibit ap
plicability in more than one city was first implied by Fleet, Stowers, and Swerdloff(~, p. 23). 

SUMMARY 

This study examined the validity of three major assumptions on which present 
multiple-regression trip-generation analysis methodology is based The assumptions 
are as follows: (a) that the zone sample mean is an accurate representation of the traits 
of all the individual households in the zone, and the sample mean is a reliable estimate 
of the zone population mean; (b) that origin-destination survey zones are homogeneous 
with respect to household traits pertinent to trip-generation relationships; and (c) that 
valid trip-generation relationships and reliable household trip-generation equations can 
be developed from household trait data aggregated to the zonal -average level. 

The zone sample mean is not representative of all of the households in the zone for 
the following reasons: 

1. Zone sampling distributions are skewed rather than normal indicating the zone 
sample mean is not the central value around which the individual households are grouped. 

2. There is a considerable amount of dispersion or heterogeneity within zones with 
respect to household traits that are pertinent to household trip-generation equations. 
The median value may be more representative of the zone sample distributions for 
those household traits whose zone sampling distributions show a high degree of disper
sion, such as the household trip-generation distributions. 

The sample means for socioeconomic household characteristics provide a more ac
curate estimate of their corresponding zone population means than do the zone sample 
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means for household trip-generation rates. However, stratification of household trip
generation rat~s increases the accuracy of the zone sample mean as an estimate of the 
zone population mean. 

The heterogeneity of a considerable portion of the home-interview zones, as meas
ured by the ratio of the standard deviation of the zone sampling distribution to that of 
the total study area sample distribution, is large enough to refute the validity of the 
assumption of zonal homogeneity commonly accepted in multiple-regression trip
generation analysis. 

Aggregation of data to the zonal average level causes a major percentage to the total 
variation in individual household automobile ownership, family size, and total home
based trip-generation r ates to be lost in the aggregation. Correlations between house
hold socioeconomic characteristics and total home-based trip-generation rates devel
oped from individual household data aggregated to the zonal average level differ con
siderably from those developed from nonaggregated individual household data. 

The coefficient of determination for the total home-based tri_(l-generation equation 
developed from zonally aggregated data is deceptively high because the data utilized in 
developing the basic trip-generation equation contain only 12.3 percent of the total vari
ation existing in the individual household total home-based trip-generation rate data. 
Therefore trip-generation equations developed from individual household data aggre
gated to zonal averages will be based on invalid trip-generation relationships and, al
though they provide a reasonably accurate description of existing trip-generation rates, 
their predictive reliability is questionable because the amount of variation in the de
pendent variable that they explain is unreliably low. 

Present multiple-regression, household trip-generation methodology should be mod
ified so that multiple-regression analysis precedes aggregation of individual household 
data rather than the aggregation of data preceding multiple-regression analysis. 

RECOMMENDATIONS FOR FURTHER STUDY 

The present study points out some refinements in existing househoid trip-generation 
analysis methodology that can be expected to result in more reliable trip-generation 
equations with respect to their predictive ability and generality of application. How
ever, this is considered to be only a first step toward the development of a methodology 
for developing household trip-generation equations that can be applied with a reasonable 
degree of accuracy to more than one study area. 

Additional research should be carried out with respect to the assumption of linearity 
between dependent and independent variables in the multiple-regression trip-generation 
equation, and the use of the dummy variable technique should be investigated. The 
dummy variable technique for multiple-regression analysis was first explained by Suits 
(9) but has had surprisingly little utilization in trip-generation analysis. Therefore, 
additional household trip-generation research needs to be carried out utilizing this new 
technique. 
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Appendix 
TYPICAL DERIVATION OF CRITICAL RELATIVE ZONAL 

HOMOGENEITY INDEX 

With respect to zonal sample distribution of total home-based trips per household, 
because 

where 

s 1 = sample standard deviation for the total area sample (184 zones), 
s 2 = sample standard deviation for the zone being analyzed, 

df1 = degrees of freedom for the total area sample= 4,159 - 1 = 4,158, and 
df2 = degrees of freedom for the sample from the zone being analyzed = (4,159/ 

184) - 1 = 22. 

If 

where 

s2 
F = .2. ~ 1. 783, then S1 ~ 82 s~ 

81 = population standard deviation for the total are population (184 zones) and 
82 = population standard deviation for the zone being analyzed. 

But if 

Therefore, if 

Therefore, if 

or if 

Therefore, for ratios of 

F < 1. 783, then 81 ~ S2 

~ < 1.335 
S2 

5.3238 
s2 ~ 1. 335 = 3.9912, then S1 :} S2 

S2 > 3.9912 - 0 
S1 - 5.3283 - . 749 

S1 is not significantly greater than 82• 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Also calculated in this manner are the critical relative zonal homogeneity indexes 
with respect to automobile-driver home-based trips per household, total home-based 
work trips per household, household family size, household automobile ownership, house
hold income level, and number of persons five years old or older per household. 




