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Enumeration Area 158 ' y2 = 3.28 

159 y2 = 3.36 

160 y2 = .. 2. 73 

161 y2 = 3.37 

162 y2 = 2.59 + l.13X3 

163 y2 = 3.65 + 3. oox
4 

+ 1. 15X7 

164 Y2 = 3.23 + 8.60X10 

165 y = 
2 1.64 

166 y = 
2 1.60 + 2.05x1 

167 y2 = 3.33 

168 y2 = 2.05 + 1. 33X6 

169 y2 = 2.55 + 1.81X3 

170 Y 2 = 2 • 3 3 + 3 • llX 
4 

+ 2.57X 1 + 4.84X 10 

171 y2 = 3. 21 + l.40X6 

172 y2 = 3.37 + 6.79X9 

173 y 2 = 2 • 31 + 4. 6ox1 + 6. 03Xll 

174 Y2 = 4.90 + 2.83X6 

Mode of travel variables are again found to be the most important 

except in Areas 164 and 172 where length of occupancy (x10) and income 

of the household (X
9

) are found to be the most important variables. 

The number of persons in the household (X
7

) is found significant in 

Area 161, while in Area 173 the age of the head of the household (Xll) 

appears as a significant variable for the first time at any scale of 

analysis. 
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4.6.5 Frequency of Trip (Y3) 

The range in the values of the multiple regression coefficients 

is greatest for Y
3

• The lowest value obtained is 0.3380 in Area 160 and 

the highest is 0.8984 found in Area 165 (see Table IV-9). The average 

explanation is 52% which, in comparison with the values obtained at the 

first and second levels of a~alysis, is a large improvement. It is 

2 noticeable that the R value obtained for the areas in the extreme 

south of the sample area are low, while those in the central and north-

ern areas are much higher. The most significant contributions made to 

2 the R values are shown in the estimating equations below: 

Enumeration Area 158 y3 = 2.32 + 6.00X3 

159 y3 = 2.61 

160 y3 = 2.96 

161 y3 = 3.07 

162 y3 = 3.31 + 5.97X10 + 5.58X1 

163 Y3 = 2.87 + 2.15Xl + 7. 74X7 + 1. ?3X8 

164 y3 = 2.84 - 3.00X 7 

165 y3 3. 28 

166 y3 2.41 + 3.22X
3 

+ 1. 54X6 + 2.95X9 

167 y3 = 2.85 

168 Y3 = 2.66 

169 y3 -- 1.02 

170 y3 = 2.86 

171 y3 = 2.68 + 2 • 7 OX 7 + 2 • 3 OX9 

172 y3 = 2.37 + 2.oox
1 



Enumeration Area 173 

174 

5.36 + 2.01X
8 

3.04 + 2.41X1 
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Size of family (X
7
), education (X

8
), income (X

9
) and length of occupancy 

(x
10

) are all important variables in various enumeration areas and in 

some cases they are the most important variables. Note that in eight 

areas absolute external location is very important (i.e. Y3 = Y
3
). 

4.7 Summary 

In this chapter the results from the various regression models 

are summarized. Analysis is carried out at three different levels of 

spatial aggregation, and the most important variables are isolated 

using the stepwise compilation of a multiple regression program. An 

attempt is made in the next chapter to explain the reasons for the 

differences from one scale to another. 



CHAPTER_ V 

INTERPRETATION AND IMPLICATIONS OF RESULTS 

The purpose of this chapter is to analyse the differences in the 

results for the different scales of analysis. One of the ways in which 

this is carried out is via the socio-economic variations in the compo­

sitions of the areas. Also, an exploratory analysis of the residuals 

from the regression models is made for sample areas at two scales of 

analysis. The residuals can be interpreted as reflecting the effect 

of locational differentials in the population, plus a "noise" component 

consisting of the omitted psychological variables, other socio-economic 

variables and elements which may be considered as random. It is hypo­

thesised that the residuals reflect the spatial arrangement of variables 

not included in the regression models. The approach seeks to explain 

some of the differences for each dependent variable at each of the differ­

ent scales. 

5.1 Distance Measure I (Y
1

) 

The differentiation within the entire sample area is measured by 

the coefficient of variation for the variables used in the model . This 

is a measure which expresses the magnitude of the variation relative to 

the size of whatever is being measured. It is a standardized measure 

which is useful in comparing the variation among different areas, and 
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for t 1 same area at different scales (see Table V-1). 

TABLE V-1 

COEFFICIENTS OF VARIATION IN THE ENTIRE SAMPLE AREA 

Size of household x7 30/o 

Education of head of household xs 30% 

Income of household x9 36% 

Length of occupancy XlO 30/o 

Age of head of household xll 31/o 

Distance Measure I yl 73/o 

Distance Measure II y2 63/o 

Frequency of Trip y3 57/o 

All of the socio-economic independent variables show approxim-

ately the same amount of variation within the sample area. At the ·second 

scale of analysis, the greatest variation among the attributes is found 

in Arpas 4 and 5 (see Table V-2). These are also the areas in which the 

R2 values are the highest for Y
1

• 

The picture is more complex using enumeration areas at the third 

level of analysis. The contrasts in variation are in some cases much 

greater than at the other two scales and in some cases much less (se e 

Table V-3). For example in Area 164 the average coefficient of varia­

tion for the five socio-economic variables is 25%, while in Area 174 

it is 46%. The areas in which the model is most successful are found in 

the northern part of the sample area: those areas adjacent to Conces sion 
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Street which contain a variety of retail grocery outlets. 

TABLE V-2 

COEFFICIENTS OF VARIATION AT THE SECOND SCALE OF ANALYSIS 

AREA 1 AREA 2 ARRA. 3 AREA 4 ARRA. 5 

Size of family x7 27 27 26 30 38 

Education x8 29 31 33 38 42 

Income x9 31 30 34 38 51 

Length of occupancy .XlO 28 34 23 31 35 

Age xll 29 33 24 30 35 

Distance Measure I yl 53 78 78 74 83 

Distance Measure II y2 48 64 68 63 76 

Frequency of Trip y3 61 57 55 57 55 

From an examination of the estimating ~quations, it is found that 

generally, mode of travel is the most important factor, However in 

Area 161, income of the household (X
9
), is the most important and the 

education of the head of the household (X
8

) is the next important varia­

ble. 

5.2 Distance Measure II (Y
2

) 

The mean distance a consumer travels to the grocery store where 

he spends the largest amount of money on a single trip is longer at all 

three scales of analysis than the distance a consumer travels to the 

grocery store he visits most frequently. The degree to which Y
2 

exceeds 

Y1 is dependent on the locational attributes of each area. 
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. TABLE V-3 

COEFFICIENTS OF VARIATION FOR THE ENUMERATION AREAS 

H 
(1) H 

"d t:": I.I-I :::>-. "d H H , 
...--I 0 0 u ...--I (1) (1) I.I-I 

I.I-I 0 ·.-! t:": 0 u (1) u (1) 0 
0 ..c .iJ (1) ..c ('{j I.I-I ..c t:": H C H 

(1) ('{j s .iJ p,. 0 (1) ('{j :J ('{j :J . 
(1) (/) u 0 00 :J (/) .iJ (/) .iJ (/) O' p,. 
N :J :J u ~ u (1) :J (/) ('{j (/) ('{j (1) •.-! 

•.-! 0 "d ~ (1) u 00 0 •.-! Q) •.-! Q) H H 
(/) ::d µ:i H .....:10 <l! ::d o~ o~ ~ E--1 

Enumeration Area 

158 30 29 33 26 26 42 39 66 

159 23 28 33 33 32 55 50 70 

160 24 30 27 26 29 62 51 52 

161 27 36 30 21 29 63 57 42 

162 24 19 '.28 33 26 74 66 55 

163 27 33 32 40 39 87 64 56 

164 17 34 28 27 21 88 65 64 

165 25 32 43 28 21 81 74 36 

166 43 49 40 38 42 73 76 69 

167 27 30 31 23 26 62 52 63 

168 30 36 32 25 30 64 54 61 

169 32 42 37 27 27 74 65 56 

170 32 2fi. 41 30 34 46 73 58 

171 32 42 49 30 33 72 60 62 

172 31 40 38 41 30 70 59 52 

173 35 41 l~6 30 32 82 76 46 

174 43 45 59 42 40 99 91 55 
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For the entire sample Y
2 

exceeds Y
1 

by only one fifth of a mile. 

This is due mainly to the compensatory effects of both near and distant 

consumers frequenting a wide range of grocery outlets. This is similar 

to the situation shown in Figure 1. 

For the fin a l area at the second level of analysis the Y 's 
2 

exceed the Y
1

1 s by distances ranging from one seventh of a mile to one 

quarter of a mile. 

At the third scale of analysis the Y
2

ts exceed the Y
1
ts by dis-

tances ranging from as little as one twentieth of a mile in Ar e a 169 to 

almost one half mile in Area 164. 

Extremely long distances must be travelled in some areas, e.g. 

Area 172, and short distances in others, e.g. Area 166. Thus the con-

clusion that the largest purchase trip is longer than the most frequent 

trip during a week is a rela tive ly scale free conclusion. 

Also in most cases the regression model is more successful in 

explaining Y
1 

then Y
2

• This is especially true at the first and second 

levels of analysis. At the third level of analysis, ten out of the 

2 
seventeen areas have higher R values for Y

1 
than for Y

2
• A block of 

2 
areas (162, 163, 164, 165 and 166) shows a higher R for the Y

2 
varia-

ble. The only conclusion which can be made here is that the model is 

more successful in predicting short distances, than the longer distances 

encountered for Y 
2

• 

2 
A correlation between ~he ranked R values for Y

2 
and the average 

co~fficient of variation for the five socio-economic variables (X
1 

to 

x
11

) gave an "r" of O. 71. Thus in the areas where the model is more 
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success~ul greater variances in the attributes of the population are 

found. Mode of travel is generally the most important variable at all 

the scales, although at the third scale of analysis some of the socio­

economic variables have local dominance. For example in Area 172, 

income (X
9

) is the most important factor contributing to variation in 

the dependent variable. The number of persons in the household (x
7

) 

is an important factor in Areas 163 and 171 and length of occupancy 

is important in Areas 160 and 170. 

5.3 Frequency of Travel (Y
3

) 

A negative relationship e xis ts b e tween frequency of trip and 

the distance travelled to the most frequently visited store (Y
1
). The 

variables found to be the most important are mode of travel, (X
1 

-

journey made on foot to the most frequently visited store) and the 

number of persons in the household as hypothesised. The first variable 

reflects the number of times that a family runs out of those common 

grocery items which are required at frequent intervals. With a greater 

number of people in the household, more individuals may be available to 

make trips. 

At the second level of analysis th2 same picture is revealed, but 

local differences should be noted. In Area 1, journey made by car to 

the most frequently visited store (X
3
), is more significant than walking 

to that store because consumers in this area have to travel longer dis­

tances to make grocery purchases. In Area 5, where distances are gener-

ally shorter, the mode .of travel variable is replaced by the size of 

the family (X
7

) in importance. 



81 

At the third level of analysis, the situation is more complex. 

The estimating equations are not as useful because of the reduced num­

ber of degrees of freedom., Of the nine enumeration areas where signi­

ficant variables are included in the estimating equation, five different 

variables are found to be of prime importance locally. Besides mode of 

travel variables, and the size of the household variable (which are 

important at the other two levels), education and length of occupancy 

are found in the estimating equations. 

5.4 Investigation of Residua ls 

In Chapter I it is noted that consumer spatial behavior is the 

outcome of a complex mesh of socio-economic, locational and psychologi­

cal differentials in the population, and that. it is most probable that 

the strength with which these factors affect consumer spatial behavior 

varies according to the scale at which analysis is made. From the pre­

ceding analysis it has been shown that the socio-economic and mode of 

travel set of variables are of increasing use as predictor elements , as 

the sample unit chosen as the base for analysis decreases in size. 

Part of thi s increase may be attributable to the smaller sample 

sizes used at the enumeration level of analysis~ but part of it may be 

due to the fact that at the finer level of ~nalysis, internal locational 

differentials are much less . important. Hence the socio-economic varia­

bles are of more use in explaining differences among the travel behavi0r 

of individuals. 

This hypothesis is tested by plotting the residuals from regres­

sions carried out at different scales. · The first and the third scalR 
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are taken since they approximate the hypothetical situations outlined in 

Figures 1 and 2 in Chapter I. Locational patterns may show up in the 

maps of residuals at one scale and not at the other. 

The area selected for an analysis of residuals incorporates 

enumeration Areas 161, 162 and 163. The residuals from the regression 

on the entire sample, and the residuals from the separate enumeration 

area regression models are plotted for the two distance variables. 

5.4.1 Distance Measure I (Y
1

) 

The residuals plotted from the individual enumeration area re-

gressions are much smaller than those from the regression on the entire 

2 
sample. This is a direct result of the difference in the R value cal-

culated for the regressions. It is difficult to recognize a pattern in 

the spatial distribution of the residuals. There is no area where the re 

are groups of large positive or negative residuals. Large residuals 

tend to occur only as isolated cases, representing households who do 

not conform to the general pattern for some as yet unexplained reason. 

If these large residuals are the outcome of locational differentials 

among the population, the n one would expect them to be clustered. The 

most probable reason why no pattern appenrs in the residuals for Y
1 

is 

that there is a fairly even distribution of grocery stores over the 

entire area and so there is little opportunity for locational differen-

tials to exert themselves. 

5e4.2 Distance Measure II (Y2) 

The residuals from the first and third scales of analysis of 
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the sample area are shown iri Figures 9 and 10. The distance in the vast 

majority of cases represents distance to a supermarket (stated earlier 

in Chapter IV). Since this type of outlet occurs less frequently on 

the landscape, locational differentials are more likely to be visible 

from a mapping of residuals. At the level of the enumeration area, the 

residuals do not show a marked pattern while in an analysis of the entire 

sample area the residuals do show a marked locational orientation. The 

major store in the chosen sample area is the A & P Supermarket located 

in enumeration Area 163 (see Figures 9 and 10)~ The highest residuals 

are found close to this supermarket. This would suggest that at the 

macro scale of analysis, locational differentials among the population 

are evident from the regression using only socio-economic and made of 

travel variables. These locational differentials are not as evident 

when using the enumeration area as ths base for the regression model. 

Hence it is justifiable to conclude that the locational differentials 

are more important in an .analysis of the entire sample area, than when 

a small areal subset is the base for analysis. 

Scale has been important in isolating the importance of the 

different sets of variables. Both socio-economic and locational differ­

entials explain different amounts of variation in the dependent varia­

bles at different scales. Also different socio-economic variables are 

important at different scales. 

5.5 Limitations of the Empirical Test 

Five limitations are noted. The empirical test implemented in 

this thesis is purely exploratory in nature. Only three scales of analy-
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sis are taken as a basis on which the regression models are applied. 

Also the three scales selected are near the extreme lower end of a con­

tinuum of possibl~ scales for analysing intra-urban phenomena. However, 

they are scales relevant to an entrepreneur interested in finding out 

important predictive relationships concerning consumer spatial behavior. 

The sample sizes are small because of the restraints on time 

and resources available. Since random clustered samp l es are taken 

instead of the more commonly used random sample of individuals , each 

sample may not be as truly representative of the area as a random sample. 

However for the purposes of testing the main hypothesis of the study, 

the random clustered sample is considered adequate. 

In the questionnaire analysis, data are only collected on the 

socio-economic attributes of the sample population. However, in the 

· latter part of the thesis certain inf~rences are made regarding the loca­

tional differentials among the population, and how these contribut e to 

an explanation of con s ume r spatial beha vior at different scales of analy-

sis. · It is realised that the approach used at this point, namely 

the mapping of residuals from a regression of contributary socio-economic 

factors, is by no means the best method of doing this. However the 

patterns which did emerge are consistent with the observations · which 

are expressed earlier. A better method is to include pertinent loca­

tional attributes of each household in the regression model, or in a 

se2arate regression model. 

As realized at the outset of the study, there are many 

factors which explain consumer spatial behavior for many of which no 
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measures are as yet available. Hence there is a large tt?oisen component 

in the final explanation. This noise component includes many random 

variables, and since little or nothing is known about them at this 

stage in research, they can only be considered scale free. 

The problem of attaining normality in the data is encountered. 

However, the information in the variables necessitated the collection 

of much data in ~lasses, e.g. income and education. Thus, recognizing 

the limitations of the nature of the data, inferences are made with 

caution throughout the study. 



CHAPTER VI 

CONCLUSIONS 

Using regression models it has been possible to give a readily 

understood value to the complex interrelationships which exist among the 

variables explaining intra-urban consumer spatial behavior. The complex­

ity of these relationships is shown for three separate scales of analysis. 

Although primarily only socio-economic variables are invest~ated loca ­

tional differentials are incorporated in the analysis. 

The stepwise compilation of the regression model is used to iso ­

late the variables contributing the most to variation in the three depen­

dent variables considered. Mode of travel is the most important varia­

ble in explriining both the distance travelled to various grocery outlets 

and the frequency with which trips are made to these outlets. However, 

the length of occupancy by the householder at his present address and 

the number of persons in the household are the most important variables 

in several local areas. 

A general change in the variables which are significant in explain­

ing variation in the dependent variables from one scale of analysis to 

another is not found. However, the local complexity in relationships is 

noted. This supports the conclusion that the relationships wh:Lch are 

found for one area may not be true in another area. 

The general hypothe sis th a t the relative importance of the factors 
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affecting consumer spatial behavior varies according to the level of 

spatial aggregation at which analysis is carried out is substantiated. 

It is found that socio-economic variables are more useful in small 

spatial units (e.g. enumeration areas) than for larger units (e.g. two 

census tracts). It is proved that the changes in explanation are due 

partly to changes in the importance of locational differentials among 

the population at different scales. At the micro-scale internal loca­

tional differentials are small, that is,most people live in approximately 

the same location and have approximately the same purchase alternatives 

offered to them. At the macro-scale of analysis, internal locational 

differentials are large, hence the range and accessibility of outlets 

is much greater. The regression model based on socio-economic variables 

alone is less successful in the larger spatial units than for smaller 

units. 

Different variables are significant in different areas," even at 

the same scale. These differences are attributable to variation in both 

the means and the coefficients of variation of either some or all of the 

variables considered at the different scales. Some relationships however 

are found to be scale free conclusions. For example, at all three of the 

scales investigated it is found that consumers travel a longer distance 

to the grocery store where they spend the most money on a single trip 

per week, than the distance t~ey travel to the store they visit the most 

frequently. 

An exploratory look at the residuals from the estimating regression 

equations reveals a locational pattern which is compatible with the ob-
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servation that locational differentials are more important at the macro­

scale of analysis than at the micro-scale. A more comprehensive analysis 

of residuals may serve to isolate other variables which might be important 

in accounting for the remaining variation in the dependent variable. 

Thus, it is empirically proven that relationships derived at one scale 

of analysis are not universally applicable. Differences in the strength 

of relationships do exist £or different scales. 

The limitations of the study have already been noted, however 

mention here is made of several extensions it would be interesting to 

investigate in further research. Instead of three scales of analysis, a 

continuum of scales would give a more comprehensive image of the change 

in the importance of the attributes of consumers. Also it would be 

interesting to test what affect scale has on the statement of relation­

ships for commodities, other than grocery products. It is hypothesised 

that scale will be more important in these cases, since outlets dispens-

ing higher order goods generally occur less frequently on the landscape . 

Also of interest, especially in choosing a scale to analyse the phenomena, 

are the periodicities in consumer spending for goods. However, more so­

phisticated methods of analysis than the linear regression model will be 

required to operationalize these extensions. 
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MCMASTER UNIVERSITY 

HAMILTON, ONTARIO, CANADA 

RESEARCH UNIT FOR URBAN STUDIES 

May, 1969. 

Dear Sir or Madam, 

The following questionnaire has been designed and distributed 
as part of a research programme being carried out by a graduate student 
at McMaster University, in co-operation with . the Research Unit for Urban 
Studies. The success -of this project depends on your co-operation, which 
will be gratefully appreciated. 

The questionnaire is brief, and it should not take more than two 
or three minutes to complete. (I would ask that you complete it after 
reading this letter, as I know myself how easy it is to forget about 
something as soon as it is left.) THE INFORMATION CONTAINED IN THE 
QUESTIONNAIRE WILL BE COMPLETELY CONFIDENTIAL, and wi 11 only be used 
after the data has been aggregated. 

The questionnaire 
the research team on 

was deposited in your mail box by a member of 
He shall return to pick up the 

between and If you completed form on 
have any problems 
at this time. 

completing the form, he will endeavour to help you 

Thanking you in advance for your kind co-operation in this 
study, I remain, 

SF/rt 
Enclosure 

Yours very truly, 

Samuel Fulton, 
Research Unit for Urban Studies. 
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MCMASTER UNIVERSITY 

HAMILTON, ONTARIO, CANADA 

RESEAHCH UNIT FOR URBAN STUDIES 

May, 1969 
Consumer Movement Survey 

Please place a check mark (~) in the appropriate box where applicable. 

(1) Give the NAME and ADDRESS (approximate) of the grocery store 
which you have visited most FREQUENTLY DURING THE LAST TWO WEEKS. 

NAME 

ADDRESS 

(2) Are the majority of the journeys to the above store made 

on foot 

by bus· 

by car 

(3) Give the NAME and ADDRESS. (approximate) of the grocery store 
where you expended the LARGEST AMOUNT OF MONEY ON A SINGLE TRIP 
DURING THE LAST 7 DAYS. 

NAME 

ADDRESS 

(4) Was the visit to the above store (in 3) made 

on foot 

by bus 

by car 

(5) How many times did you visti all grocery stores in THE LAST 7 days? 

a) Once 

b) Twice 

c) 3 times 

d) 4 times 

e) 5 times 

f) Greater than 5 times 
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(6) How many persons are there in this household? 

a) 1 person 

b) 2-3 persons 

c) 4-5 persons 

d) 6-9 persons 

e) 10 or more persons 

(7) What is the level of education attained by the head of the house­
hold? 

a) None 

b) Elementary 

c) High School 1-3 years 

d) High Schoo 1 4 years (Grade 12) 

e) High School 5 years (Grade 13) 

f) University 

(8) What is the approximate gross income of your family per annum? 
(Sum of wages and ~alary of the members of the household) 

a) Below $3000 

b) $3000 - $6000 

c) $ 6000 - $9000 

d) $9000 $12000 

e) $12000 - $15000 

f) Over $15000 

(9) How long have you lived at your present address? 

a) Less than 1 year 

b) 1-2 years 

c) 3-5 years 

d) 6-10 years 

e) Greater than 10 years 

(10) Age of the head of the household? 

a) Under 25 years 
b) 25-35 years 

c) 35-45 years 
d) 45-55 years 

e) 55-65 years 
f) Over 65 years 



LIST OF REFERENCES 

BERRY, B. J. L. (1967) Geography of Market Centres and Retail Distribu­
tion. Englewood Cliffs. 

CARROTHERS, G. A. P. (1956) 11A historical review of gravity and potential 
models", Journal of the American Institute of Planners, 22, 
pp. 94-102. 

CHRISTALLER, W. (1966) Central Places in Southern Germany, Englewood 
Cliffs. 

CLARK, W. A. V. (1968) 11 Consumer travel patterns and the concept of 
rangen, Annals of the Association of American Geographers, 
58, pp. 386-396. 

COCHRAN, W. G. (1953) Sampling Technique~_ , New York. 

COLENUTT, R. J. (1969) "Linear diffusion in an urban setting", Geographi­
cal Analysis, 7, pp. 71-78. 

CURRY, L. (1966) 11A note on spatial association", The Professional 
Geographer, 18, pp. 97-99. 

---------- (1967) ncentral places in the random spatial economy", 
Journal of Regional Science, 7, pp. 217-238. 

DAVIES, R. L. (1969) "Effects of consumer income differences on shopping 
movement behavior", Tijdschrift voor Econ. en Soc. Geografie, 
60, pp. 111-121. 

DUNCAN, O. D. ~~~ (1961) Statistical Geography; Problems in Analysing 
Areal Data, New York. 

FREUND, J. E. (1967) Modern Elementary Statistics, Englewood Cliffs. 

GARRISON, W. L. et. al. ( 1959) Studies of Highway Development and Ge~­
phic Chan~, Seattle. 

GOLLEDGE, R. G. and BROWN:i L. A. (1967) Search, learning and the decisi.on­
making processtt, Geografiska Annaler, 49, pp. 116-123. 

HAGERSTRAND, T. (1965) ttA Monte-Carlo approach to diffusion", European 
Journal of Sociology, 6, pp. l~3-67. 

95 



HAGGETT, P. (1965) Locational AI].alysis in Human Geo gra_J2.hy, London. 

HA.GOOD, M. J. and PRICE, O. D. (1952) Statistics for Sociologists, 
New York. 

96 

HARVEY, D. W. (1968) ''Pattern, pr~cess and the scale problem in geogra ­
phical resea.rch11 , Pro.ceeding, , Institute of British Geogr~he::FJ.>_ , 

40, pp. 71-78. 

HORTON, F. E. (1968) "Locational factors as determinents of consumer 
attraction to retail firms", Annals of the Association of 
Americap Geo graph~rs, 58, pp. 787-801. 

HUFF, D. L. (1960) 11 A topographical model of consumer space preferences", 
Papers ,& Proc. of the .Reg. _Sci .. As~ 6, pp. 159-173. 

---------- (1963) "A probability analysis of shopping centre trade areas", 
Land Economics, 53, pp. 81-90. 

ISARD, W. (1956) Location and ~ace Economy, New York. 

KENDALL, M. G. ( 1939) 11 The geogra phi ca 1 distribution of crop pro due tiv:Lty 
in England'', Journal of the Ro_y_~l Statistica l Society, 102, 
pp. 21-62. 

KING, L. J. (1969) Statistical Analysis in Geograp_hy, Englewood Cliffs. 

KNOS, D. S. (1956) ttThe distribution of land values in Topeka, Kansas", 
University of Kansas, Bureau <2,f Business and Econo~nic Research, 
pp. 15-33. 

MARBLE, D. F. (1959) ll'fransport inputs at residential sites", Papers 
& Proc. of the R~ Sci. Ass., S, pp. 253-·265. 

McCARTY, H. H., HOOK, J. C. and KNOS, D. S. (1956) The Measurement~ 
Association in Industrial ~~o graphy, Iowa City, Department of 
Geography, University of Iowa. 

MURDIE, R. A. (1967) "Cultural differences in consumer behavior in Eastern 
Ontarioll, CanacV-a~_Geo g_!"~1er, 11, pp. 143-156. 

. .. 

NEFT, D. S. (1966) Statistical Analysis . for Areal Distributions, Regional 
Science Res earch Institute, Monograph Series, Number 2. 

NORBECK, S. (1963) "Computing distances in road nets", P~pers~_§r;:_ ___ P,_s_9c. 
of the Reg. Sci. Ass., 12, pp. 207-2308 

OLSSON, G. ( 1968) 11 Comp leme ritary · mode ls; a study of co loni za t ion ma. p3 11 , 

Geografiska A.Epaler, SOB, pp. 1-19. 



97 

RALSTON, A. and WILF, H. S. (1960) Mathematical Models for Dj_g_~_tal Com­
puters_, New York. 

ROBINSON, W. S. (1960) "Ecological ·correlations and the behavior of 
individualsn, Amer~5m Sociological Review, 15, pp. 351-357. 

RUSHTON, G. (1966) 11 Spatial pattern of grocery . purchases by the Iowa 
rura 1 .. popu lat ion1t, Studies in Bus ii-less and Econon21: .. c::s, New 
Series No. 9, University of Iowa. 

RUSHTON, G., GOLLEDGE, R. G. and CLARK, W. A~ V. (1967) "Formulation and 
test of a normative ~odel for the spatial allocation of g~ocery 
expenditures by a dispersed population11 , Annals of t_h_~_ Asso­
ciation of America~ Geographers, 57, pp. 359-400. 

SIEGAL, S. (1956) Nonparame~ric Statistics for the Behav_1:._l~J:i-~_t_S<j~n~_? .. ~ 
New York. 

SUITS, D. B. (1957) 11 Use of dummy variables in regression equation:-:. 1:) 

Journal of the American Statistical Assoc~-~~JQ.!!_, 52., pp~ 548-
551. 

THOMAS, E. N. (19 68) ttMaps of residuals from regres s ion11 , in B. J. L. 
Berry and D. F. Marble (Eds.) .§_p_at~L!:~Xl~.ly_s~, Englewood 
Cliffs, pp. 326-352. 

THOMAS, E. N. and ANDERSON, D. L. (1965) " Additional comments on weighting 
values in correlation analysis of areal <lala11

, Annals of the 
Association of Ameri_s:an Geo_g_raphers, 55, pp. 492-505. 

THOMPSON, D. L. (1963) ttNew concept ·· subjectivt:: distance", Journal of 
Retailing, 39, pp. 1-6. 

TOBLER, W. (1966) "Spectral analysis of spatial series", Pr~ceedi~, 
Forth Annual Conference on Urban Pl?-nning Information~_ystem§_, 
Berkeley, pp. 179-185. 

WARNTZ, W. (1965) Ma~ro geC?_~hy __ and I:Q_come_Front~, Regional Science 
Research Institute, Monograph Series, Number 3. 

YULE, G. U. and KENDALL, M. G. (1950) An Introduction to the Th~~.X.Y.._of 
Statistics, New York. 




