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ABSTRACT:

An undeIstanding of the land-use/transport interaction,
although essential to a rational evaluation of urban and
regional policy, is frequently complicated by the
introduction of sophisticated mathematical techniques"
In an effort to make this interaction more visible to the
decision-maker, this paper places two of the more
advanced techniques, multinomial logit analysis and mental
maps, in a common framework of analysis and presentation.
In doing so it combines the strength of a rigorous
theoretical background with the simplicity of a visual
presentation.. The papez outlines the theory and
development of the technique and illustrates its use
with LefeIence to a case study of the residential location
pLefeLences of Lesidents of inner MelbouLne SUbULbs.
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An understanding of the ways in which transport in
vestment, activity placement and residential location interact
is essential for a rational evaluation of urban or regional
policy alternatives. Frequently, however, the methods used
by planners to examine these interactions are complicated by
the introduction of sophisticated mathematical models, Al
though such models may improve the explanatory power of the
planning method, such an improvement is frequently at the
expense of the comprehension of the method by the layman.

If one wishes to make the interactions clearly visible
to the decision-maker, who is frequently not cognizant of the
mathematical complexities involved in the modelling process,
then a clear, concise method for the pr'esentation of results
and implications must be devised,

Ihis paper attempts to provide such a method and,
at the same time, utilize two of the more advanced mathematical
techniques in location decision analysis; multinomial logit
choice modelling and the concept of mental, or cognitive, maps"
The approach is essentially three-staged as shown in Fig, 1,



YOUNG & RICHARDSON

In this paper the model is developed in the context
of uI'ban residential location. However', the basic model
structure as outlined in Fig. 1 could well be applied to
problems involving I'egional development policies, decentral
ization, or facility location alternatives"

A IHEORY OF CHOICE

A gl'eat deal of I'esearch in the areas of economics and
psychology has been devoted to establishing a general theory
of choice.. Although many of the results have been conflicting,
several general themes permeate all modern theories of choice
Fir'st, and fOI'ernost, is the concept that all choice decisions
are probabilistic" This implies that a decision outcome can
never be infel'red with certainty. All that one can do is to
assign a probability to that decision being made

Secondly, choice decisions are not made between alter'
native objects but rather between the alter'native sets of
characteristics which those objects possess" Ihis idea is
expressed in the economic literature by Lancaster (1966) in
his new approach to consumer theory, and in the psychological
literature by Rosenberg (1956) as the cognitive summation
theory of attitude.

Beyond these common principles, however, there exist
a large variety of methods linking the characteristics of an
object with the eventual choice of that object. One basic
component of the psychological models of choice, which is
gener'ally not found in the economic models, is the realization
that the choice pr'ocess is composed of thr'ee separ'ate, but
interr'elated, phases. Such a gener'al choice model, as described
by Golob, et al (1977) or Levin (1977), is shown in Fig. 2 ..

Ihe economic theories of choice generally do not account
for the second phase of the model, i.e., the subjective assess
ment of the decision-maker and the alternatives. Rather, they
assume, or at least imply, that the choice behaviour of a
decision-maker is directly related to the objective socio
economic char'acteristics of the decision-maker' and to the
objective physical char'acter'istics of the alternatives.,

On the other hand, the psychological theories of choice
not only recognise but stress the over'riding importance of the
subjective transformation of characteristics of both the
decision-makeI and the alternatives" As impoItant as the
recognition of the three phases, is the realization of the
linkages between elements of the three phases. Golob, et al
(1977), in discussion of a model structure similaI to that--
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when objective measurements are obtainable (e"g, travel time),
one must still transform this objective measurement into a
subjective impression before using it in a model, For example,
is a 20 minute trip really regarded as being twice as time
consuming and onetous as a 10 minute tI'ip?

Important as this subjective transformation is in the
choice decision process, relatively little work has been per
formed to indicate the nature of such transformations in the
context of mode choice modelling (e.g. Hensher and McLeod,
1975; Brown, 1977; Levin, 1977). What work has been done has
concentrated on the variation in the perception of a single
char'acter'istic for a particular' alternative (mode). In the
context of spatial choice problems, however, the situation is
a little different, Here one is concerned more with the
variation in perception of characteristics over' an ur'ban or
regional area" Fortunately, a well-established body of
literature on this subject is available under the title of
mental (or cognitive) maps (Gould and White, 1974; Morris,
1974; Crawford, 1977).

MENIAL MAPS

An individual's perception of his environment is
moulded not simply by the physical environment itself, but
also by the individual's level of knowledge of that environ
ment. Where the level of knowledge is high, then the real
environment and the individual's perception of that environ
ment ar'e likely to be similar However, as the level of
knowledge decreases so too does the similarity between real
and perceived environment" Increasingly, subjective impres
sions, generalizations and biases play a more important role
in the formulation of an individual's mental image of the
environment" Just as the cartographic map can represent the
real environment, so too a "mental map" can represent the
perceived envir'onment

The study of mental maps was formalized in the exem
plary works of Gould and White (1968, 1974) .. In a number of
studies in various geographic locations, they considered the
environment as perceived by the subjects of their experiments.
Thus they considered Californian school-leavers' impressions
of America, British school-leavers' impressions of Britain,
a Negro child's impression of his immediate neighbourhood in
Boston, and Swedish childrens' impressions of Sweden" As a
result, they found that the mental maps retained by each subject
were found to depend, basically, on the level of knowledge of
the areas under' consideration" The level of knowledge could,
in turn, be expressed in a number of ways For example, know
ledge may depend on the length of residence in a certain area;
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CHOICE PROCESS MODEL

{Sij} (1)

per'ceived satisfaction with geogr'aphic I'egion
(ie. a mental map)

S

where S

perceived satisfaction with geogI'aphic area at
latitude i and longitude j

Extending this representation to the present study
in which mental maps of characteristics aI'e being considered,
one can use a three dimensional matr'ix {Sijk} to r'epr'esent a
series of mental maps for' the character'istlcs of the area,
wheI'e Sijk is the perceived satisfaction with chaI'acteI'istic
k at latltude i and longitude j.

The traditional representation of mental maps is in
the form of contour maps.. However, they can equally well be
expressed in the form of a two dimensional matrix where the
dimensions of the matrix correspond to the latitude and
longitude of the geographical region under consideration and
the elements of the matrix represent the respondents rating
of the geographic area at a particular latitude and longitude.Thus,

indication of the knowledge of specific characteristics of
an urban area, Finally, it enables the effect of a change
in one of the char'acter'istics to be tt'aeed through to its
final effect onr'esidentiaI pr'eference"

A limited attempt to obtain mental maps of charac
teristics, 01' categories of char'acteI'istics, is described
by Gould and White (1974) in their discussion of the work of
Harris and Scala (1971). As will be seen later, the present
study differs considerably in the way in which the mental
maps of charactelistics al'e combined,.

Ihe manner in which this thI'ee dimensional matrix is
collapsed into a two dimensional preference surface will
depend on the choice process assumed to exist in the resi
dential location choice process"

Recent investigations into choice processes (particularly
mode choice pr'ocesses) have indicated that two basic categories
o·f choice processes are possible. These have been termed
"simultaneous

fl

and "sequential" decision processes (Brand, 1973)"
Because these terms are used in many other contexts, however,
the approaches have also been termed "rational" and "irrational"
choice processes or, more cOI'rectly, "objective rational" and
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In considering spatial choice pr'oblems and recalling
the representation of the mental maps of characteristics as
a three dimensional matrix, equation (3) may be expressed as

( 7)

(8 )

(6 )

(5 )

(4 )
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where p(ij) = p10bability of choosing area with latitude i and
longitude j

It should be noted that the denominator in equation (6)
is a constant equal to the rnaXlffium expected utility from an
area within the region (Ben-Akiva, 1977), Hence equation (6)
may be I'ewritten as

01

Ihe final step in the development of the alea preference
surface is to I'elate the mental map of a region to the ploba
bility of choice of sub-ar'eas within that I'egion" This may be
done by combining equations (2) and (4), Ihus

Equation (5) states that the overall mental map of a
region is a weighted sum of the individual characteristic
mental maps of the region" This formulation is a gener'alization
of those of HaITis and Scala (1971) and McHarg (1969) (who used
a similar concept for the identification of feasible highway
routes) In both those works the importance matrix was im
plicitly assumed to be a unit matrix"

and subsequently



(9)

PREFERENCE: A PERCEPIUAL VIEW OF MELBOURNE

P area preference surface

k
1

1 1 CU bd
I e

b=I d=l

Equation (8) defines the fundamental relationship in
modeL It combines the features of both multinomial

analysis and mental maps" Hence whilst having a sound
etical background it also results in an easily under

visual presentation of the model output ..

An interesting sidelight to this model development is
if one applies it to a mono-nucleated city where the

isfaction with an area is inversely proportional to the
from the city centre, e g"

Sa = -t a
Sa satisfaction with area a

t
a

di~tance from area a to city centre

one obtains the classic density gradient model pr'opased
Clark (1951)

-ct
D

a
= k e a

D
a

residential density of area a

pea) x total area population/area of a

(10)

Ihe parameters k and c, as defined in this paper, may
be thought of in similar fashion to the parameters in

uarK's model"

STUDY OF INNER MELBOURNE RESIDENIS

To test the application of the theory described above,
was conducted to determine the attitudes and pr'efeI'ences

who had moved into the central city region of
during the period August through November 1975. Ihe

city suburbs are, as shown in Figure 3, South Melbourne,
Melbourne, Melbourne, Fitzr'oy, Collingwood, Richmond,

t"tanran and St .. Kilda

These new residents were interviewed as soon as
ible after they moved into the study area, This procedure
chosen fOI' two reasons" Firstly, they had r'ecently made
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Figure 3

WERRIBEE

N

MELT ON

t SOUTH MELBOURNE
2 PORT MELBOURNE
a WILLlAMSTOWN
4 FOOTSCRAY
15 ESSENOON
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7 BRUNSWICk
8 NORTHCOTE
9 HE1DELSERG

10 FITZROY
11 COLLlNGWOOD
12 RICHMOND
la HAWTHORN
14 CAMl:lERWELL
\15 PRAHRAN
16 MALVERN
17 CAULFIELD
18 NUNAWAOING
19 RINGWOOD
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A total of 261 questionnaires were administer'ed to
244 households.. Of these, 122 were renters and 122 were
owners of the residences" This sample represented 16% of
renters and 33% of owners moving into the area during the
period of the study.

MENtAL MAPS OF CHARACTERISIICS

Tr'anslating theory into pr'actice is usually associated
with problems which are resolved by making approximations or
assumptions. This study is no exception, It was mentioned
earlier that a mental map is a representation of a person's
perception of an area. Gould and White (1974) in the study
of, for example, mental maps in BTitain asked school leavers,
from twenty-three schools in Britain, to rate, or more pre
cisely rank-order, the ninety-two counties in Britain.. Thus
for each school leaver, Gould and White obtained an individual
mental map based on rank order preferences, For each school,
they then combined the rank order preferences of each school
leaver at that school to obtain an average mental map,

Ihe difficulty with the present study was that, as
mentioned earlier', not all ar'eas wer'e rated by all r'espondents.,
Only three areas (one inner, one middle and one outer suburban
area) were rated by each respondent and these areas varied
from respondent-ta-respondent" Thus complete individual mental
maps did not exist. To obtain the average mental map of new
inner suburban residents it was necessary to assume that they
all perceive the urban area in a similar fashion" Hence,
respondent Bls perception of a par'ticular ar'ea can be substi
tuted for respondent A's perception of that same area when
respondent A did not, in fact, rate that particular area" Thus
the average mental map for all respondents may be obtained by
calculating the average rating for each area from those
respondents who rated that area and then constructing a
composite map of these average ratings"

Mental maps constructed in this manner are shown in
Figur'es 4 and 5 for two factors consider'ed in the study;
closeness to public transport and closeness to bay beaches.,
Each map is constructed for the combined group of owners and
renters between whom there were no significant differences in
ratings"

It can be seen that the mental maps so constructed
appear to be reasonably consistent with intuition and knowledge
of the Melbourne urban area" fhe public transport map shows a
decreasing satisfaction with increasing distance from the
central city area and from major railway corridors. The bay
beaches map, as expected, shows a decr'easing satisfaction
with incr'easing distance from bay beaches"
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ThiTdly, since the mental maps were to be transformed
into matrices for use in the subsequent modelling process, a
simple computer-based process which eliminated the need for
tedious hand calculations and contour map interpolations was
desirable.

The solution to these three problems was to replace
the hand-drawn mental maps of Figures 4 and 5 by polynomial
SUI faces fitted to the mental map data. The idea is similal
to the tenain smoothing methods used in highway location
studies such as GCARS (Tulnel and Miles (1969)). The basic
objective of the method is to replace the obselved mental map
by a polynomial equation in terms of i and j (the coordinates
of latitude and longitude within the urban area). This tech
nique has several advantages. It makes interpolation at any
point in the urban area very simple by merely requiring the
substitution of the i and j coordinates in the polynomial
equation Secondly, the surface fitting process automatically
gives more weight to those suburbs which receive a large number
of respondent evaluations and less weight to single I'esponse
(possibly extreme rating) subux bs.. Thirdly. the expression
of mental maps in polynomial form enables combinations of
different mental maps to be performed in simple algebraic steps.

One decision that had to be made was the order of the
polynomial to be used. In the GCARS tenain modelling exercise,
little differ'ence was found between polynomials of oI'der six
and higher order polynomials. To determine the order of poly
nomial to be used in this study, four measures of effectiveness
were considered; changes in the residuals, correlation co
efficient and F-ratio and visual observation of changes in
the pr'edicted surface as the order of the polynomial incr'eased,
Variations in the F-ratio and the correlation coefficient are
shown for tivO factors, closeness to public transport and close
ness to bay beaches, in Figures 6 and 7" It can be seen that
as the order of the polynomial increases the degree of fit
incIeases but at a decreasing I'ate" It can be seen that~
like the GCARS study. increasing the oldel of the polynomial
above six does not improve the analysis substantially" s
order polynomial was therefore used to mathematically
the mental maps.

rhe best fit sixth order polynomial suxfaces for the
mental maps of closeness to public transport and closen,,gs
bay beaches are shown in Figules 8 and 9. The cor
polynomial equations for each mental map are given in
9 and 10.
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(l

320. 27432y + 218 73746xy
- 47.44385y4 + 57.8

10. 07402x\2 + .. 8

127.19169 + 268.92652x +

78.70872y2 - 128.73154x 2

+ 47.63048x 3y - 2.6264c2y4
5.0805y6

(9)

170.14029 - 274.47874x - 94.61756y + 258 61871x 2
+ 43.81979y2 + 4.48847x 2y - 69.37533x 3 _ 7.349

12y
4

+ 47 .. 42061xy4 + 4 9l584x\ - 39. 99746x 2
y 3 + .. 2228x 66

7.37561y (10)

S

where the origin for the Co-ordinates is the top right-hand
corner of figure 4, x = i/10 =2 km; y = j/lO = .. 2 km ..

FT'om Figures 8 and 9 it can be seen that the basic
features of the oI'iginal mental maps are retained.. fhe bay
beaches mental map shows the same inland distribution, whilst
the public transport map shows the predominant radial distri
bution with the influence of rail lines, especially the
corridor to the South-East. Ihe major difference is that the
maps exhibit much more regUlar contour variations with none of
isolated peaks and depressions shown in Figures 4 and 5,
PERCEIVED UIILIIY SURFACE

610

la obtain the perceived utility surface of the area,
is necessary to multiply the matI'ix of mental maps obtained
the previous section by the matrix of importances as shown in
equation (5). The impor'tance of each characteristic in
location choice decision is shown in Figur'e 10 These
were obtained, as stated earlier, fr'om the respondents in
study by means of semantic differential scales, The values
shown in Figure 10 are average irnportances fer all
and do not allow for individual differ'ences.,

Io obtain a perceived utility surface on the
as the previous mental maps, equation (5) was modified s
to give equation (11):

I k
, {Sijk)

Hence instead of obtaining a weighted sum of the
one obtains a weighted average. Although this procedur
travenes theor'etical evidence (Golob and Dobson, 1974
shoUld, in this situation, make no difference since
natives have the same characteristics set size. It
the advantage of making the mental maps and utility
easily comparable. The resultant utility sur'face is
Figure 11. It should be noted that the utility values
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AREA PREFERENCE SURFACE

Ihe contour lines on Figure 12 show the percent chance
(or preference) people have of locating in that area of Melbourne,
As can be observed the most attractive areas are around the
central city, Eltham and East of Hallam" The least attractive
areas are in the north-west and at Spr'ingvale/Dandenong.

1 represents
completely

YOC:.:~ & RICHARDSON

on Figure 11 are on a 1 to 100 scale, where
completely unsatisfactory and 100 represents
satisfactory"

Whilst Figure 11 gives a good indication of how the
uI'ban area of Melbourne is perceived by the type of person in
our survey, it does not indicate how such people would react to
this perception in a choice situation" To convert the utility
sur'face into an area preference (or choice) surface, one must
apply equation (8), where S is defined in equation (11).
Using values of C = 0.1, the resultant preference surface is
shown in Figure 12" The elements of the preference surface
matrix, as shown in Figure 12, represent the r'elative proba
bilities of a particular latitude/longitude combination being
selected in a choice d~cision., Since the ar'ea of each location
is constant, the elements also represent the residential density
at that point ..

Ihe most desirable areas, according to the respondents
in the survey, aI e the inner suburbs and the El tham ay ea.,
This reflects the fact that many of the respondents were
either students or young professional people who would be
aware of and in sympathy with the environmental advantages
of an area like Eltharn, but who for practical reasons lived
close to work or university in the inner city area, Ihe most
undesirable areas were the nOTth-western suburbs and an area
around Springvale and Dandenong (both industrial areas) in
the sQuth-east. Beyond Dandenong, desirability improved as one
I'eached areas like Frankston and Berwick"

Io illustrate the effect of the sensitivity coefficient c,
a new ar ea pr eference sur face was constructed with c = 0,,2, The
resulting map is shown in Figure 13. As might be expected, when
the sensitivity coefficient increases peoples' sensitivity to
differences in the utility gained from living in each area
increases In terms of the actual preference surface, the peaks
become higher and the troughs lower. The shape of
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the surface is more evident in the thTee dimensional per
spective drawing shown in Figure 14 ..

Obviously, the choice of sensitivity coefficient has
a large impact on the actual distribution of choice resulting
from a perceived utility surface No attempt has been made
in this paper' to estimate this sensitivity coefficient. One
possible technique would be to match the density distribution
obtained from the model with an observed density distribution
of the population in question (e"g" young, marI'ied, professional
couples with no children). Adjustment of the coefficient to
achieve maximum agr'eement of the density distributions may
result in a valid estimate of the sensitivity coefficient,
Further research is needed on this problem"

USE OF IHE MODEL

Ihe model as outlined in this paper has several uses"
Firstly, it can be used to estimate the ar'ea prefer'ences of
a particular group in the community. This group may be de
fined on the basis of sacia-economic classification or by
present residential location" Such information would be most
useful in migration studies such as those performed by Maher
(1978).. Alternatively such information could be collected on
a regional basis to assist in the planning and prediction of
impact of the development of growth centres (Young and
Richardson, 1977).

Secondly, since the areas are described in terms of the
characteristics of the area, individual mental maps may be
constructed to help isolate the perceptions, and misperceptions,
of individual factors" Such information would be most useful
in a marketing campaign to help promote particUlar locations,

Ihir'dly, since each char'acteristic is considered
individually then changes in each characteristic, which may
result from a change in the physical environment (e"g" an
improved tT'ansport system, a new regional centr'e), may be
traced through the model tD assess their impact on the over
all ar'ea pr'eference surface"

Finally, and most importantly, since the output of
model is in visual form, either as a contour map as in
13 or' as a per'spective drawing as in Figur'e 14, or as a
physical terrain model, the uses of the model can be communi
cated to the decision-maker with maximum effectiveness" No
knowledge of the mathematics and equations is for
decision-maker' to appr'eciate the effect of his
In this regard, the model is ideally suited to an
interactive computer graphics display"
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YOUNG & RICHARDSON

CONCLUSION

Ihe technique described in this paper combines the
features of multidimensional mental maps and multinomial logit
choice theory" In doing so it enables the presentation of the
results to be made in an easy-ta-understand visual manner"
Such a technique should insure maximum comprehension of the
effect of tI'ansport 01' land use policy on residential location
choice.

Ihe model is demonstrated using data collected from a
survey of new residents of inner Melboulne suburbs. It is
shown to produce a logical, consistent perceptual view of
Melbourne by people in the study Further research is shown
to be needed in the choice of a sensitivity coefficient for
use in the model.

Ihe model is believed to be particularly useful in
bridging the gap between planner, technologist and decision/
maker in the land-use/transport planning task
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