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Abstract. This paper analyses the local geography of the relationship between res-
idential property prices and its determinants. A semiparametric geographically 
weighted regression (S-GWR) technique is employed to explore this relationship. 
Selling prices, structural and locational attributes data were collected from the da-
tabase of the Department of Valuation and Services of Malaysia, selected maps 
and reports. The outcome of this paper shows a strong geographically varying re-
lationship between residential property prices and its determinants in which the 
residential property price determinants have a positive impact on prices in some 
areas but negative or no impact on the others. The magnitude of the effect is also 
found to be geographically varied; the capitalisation in residential property pric-
es is found greater in some areas but less or with no effect in some other parts of 
the areas. The use of S-GWR technique makes it possible to reveal such geograph-
ically varying relationships, thus leading to a better understanding of the relation-
ship between residential property prices and its determinants.
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1.	 Introduction

Property price, in particular residential property 
price, is a great concern of the government, real es-
tate developers and general population. This is due 
to the fact that housing market and changes in res-
idential property prices can affect the entire econ-
omy: economic growth, inflation, interest rates and 
the banking sector. In the social perspective, chang-
es in residential property prices, especially a rise in 
prices can affect social equity and affordability. In 
most parts of the world today, particularly in big 
cities, affordability is the biggest housing concern 
among residents. For instance, a survey carried out 
by The Guardian in the United Kingdom (UK) in 
2014 indicates that affordability is found to be the 
biggest housing concern among general population 
in the UK. Similarly in Malaysia, issues pertaining 
to home ownership have been the biggest concern 
among people over the years, especially for those 
who reside in more developed regions such as in the 
Klang Valley, Johor Bahru and Penang (1). In  ad-
dition, changes in residential property prices can 
also indicate better/worse accessibility to the cen-
tral business district (CBD) and amenities, good/ 
/poor schools and high/low crime rates in a neigh-
bourhood etc.

An important question to ask is upon what fac-
tors residential property prices depend. If we asked 
economists, they would tell us that the price of res-
idential properties depends on the supply and de-
mand of housing on the market. But if real estate 
practitioners were asked this question, the most 
likely answer would be “location, location and lo-
cation” and consequently it becomes the main inter-
est of this paper. This implies that the surrounding 

area where a unit of residential property is locat-
ed is found to be the key factor in determining its 
price. For instance, a unit of residential property lo-
cated in a peaceful neighbourhood is more desir-
able than the very same property in an area with 
high crime rates. Based on this reasoning, we expect 
that a residential property will fetch a better premi-
um when located in the former rather than the lat-
ter area. However, it is important to note here that 
the physical characteristics (structural attributes) of 
the property itself also play an important role in de-
termining its desirability and price. Therefore, it has 
been established that a combination of both struc-
tural (physical) and locational attributes contributes 
significantly to the formation of residential proper-
ty prices (see, for example, Powe et al., 1995; 1997; 
So et al., 1997; Orford, 1999; Irwin, 2002; Tse, 2002; 
Cohen, Coughlin, 2008; Anderson et al., 2009; Dzi-
auddin et al., 2013; Dziauddin, 2013). This is due to 
the fact that the selling price of a residential proper-
ty reflects both structural and locational attributes, 
such as the size of floor area, tenancy, the age of 
the residential property, proximity to central busi-
ness district (CBD), schools, rail transit stations etc. 
By  regressing the transaction prices against struc-
tural and locational attributes, one can estimate the 
contribution of these attributes to residential prop-
erty prices. The next important question to ask is 
whether structural and locational attributes have 
similar effects and magnitudes on residential prop-
erty prices across geographical area. If not, how var-
ied are they across geographical area? And do we 
have a better approach and tool to reveal this geo-
graphically varying effects and magnitudes?

The purpose of this paper therefore is to analyse 
the local geography of the relationship between res-
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idential property prices and the attributes that they 
possess. As these attributes are not directly traded, 
a  number of techniques are available to estimate 
their effects. The literature has shown that there 
are two broad categories of non-market techniques: 
stated preference techniques on the one hand and 
revealed preference techniques on the other. In the 
context of this paper, one of the revealed preference 
techniques, namely hedonic pricing, is used to anal-
yse this relationship.

The hedonic price method (HPM) is a well-es-
tablished method used to analyse a market for 
a  single commodity with many attributes, in par-
ticular that of residential property. In other words, 
the HPM is based on the idea that properties are 
not homogeneous and can differ in respect to a 
variety of attributes. It is worth mentioning that 
since it was first introduced over 40 years ago, 
the HPM has been used extensively in urban eco-
nomic study and examples include construction of 
house indices (Mills, Simenauer, 1996; Can, Meg-
bolugbe, 1997), school quality (Mitchell, 2000), 
public transport (Du, Mulley, 2006; Hess, Almei-
da, 2007; Dziauddin et al., 2013), woodland/urban 
forest (Powe et al., 1997; Tyrvainen, 1997; Dziaud-
din, 2013), golf courses (Do, Grunditski, 1995), en-
vironmental quality (Lansford, Jones, 1995; Jim, 
Chen, 2009) and sports arenas (Tu, 2005; Ahlfeldt, 
Maennig, 2010).

Yet, producing a hedonic price model is best 
suited to non-spatial commodities. It is unlikely to 
sufficiently capture the geographical context and 
variation (2) within which properties are located 
(Fotheringham et al., 1998). Thus a relatively new 
spatial econometric technique known as semipara-
metric geographically weighted regression (S-GWR) 
which addresses the issue of spatial heterogeneity is 
also used to analyse the relationship between resi-
dential property prices and its determinants in this 
paper. Using S-GWR makes it possible to estimate 
local rather than global parameters and thus pro-

vides a way of accommodating the local geography 
of the above stated relationship. Moreover, it is used 
to verify the heterogeneity of the relations, which in 
turn can indicate the degree of misspecification in 
the global model.

The paper is organised as follows. The next sec-
tion discusses the estimation methods, that is, the 
use of the HPM and S-GWR techniques. The study 
area and data acquisition are then described in the 
subsequent section. This is then followed by empir-
ical analysis and findings. The paper concludes with 
a review of the implications of the findings.

2.	 The estimation methods

The discussion in this section focuses on the 
methods used in this paper, that is, the use of the 
S-GWR. The GWR in general, however, is based on 
a global regression model (a hedonic price model) 
which is then modified by GWR to calibrate local 
regression parameters by weighting the distance be-
tween one data point and another through the co-
ordinates of data (Fotheringham et al., 1998) and 
S-GWR is a  new version of the GWR technique 
to analyse geographically varying relationship be-
tween dependent variable and its explanatory var-
iables which is available in a new version of the 
GWR software (GWR 4.0) developed by Nakaya et 
al. (2009). In  this framework, one can implement 
model selection in order to judge which explana-
tory effects on the dependent variable are globally 
fixed or geographically varying in generalised linear 
modelling (GLM) (Nakaya et al., 2009: 1).

2.1.	 The hedonic price model

The general form of a hedonic pricing model can 
be presented as:

	 Pi = ƒ (S, L,) + ε	 (a)

where,
Pi	 =	 the market price of property i,
S and L	 =	 the vectors of structural and locational variables,
ε	 =	 a vector of random error terms.
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2.2.	 Semiparametric geographically weighted 
regression (S-GWR) model

As widely recognised, in estimating residential prop-
erty prices by means of the HPM one of the main 
problems is that the parameter estimates are nor-
mally applied constantly over the whole geographi-
cal area. In other words, the relationships analysed 
are assumed to be ‘stationary’ across geographical 
area, although in reality relationships are arguably 
not stationary and said to exhibit spatial heteroge-
neity. In response to that, a relatively new spatial 
econometric technique known as GWR which ad-
dresses the issue of spatial heterogeneity is used in 
this paper. Fotheringham et al. (1998) pointed out 

that this spatial heterogeneity if not carefully han-
dled, may cause problems for the interpretation of 
parameter estimates from a global regression model.

It was argued in the literature that any relation-
ship that is not stationary across geographical area 
will not be represented well by a global regression 
model. Fotheringham et al. (2002) have argued fur-
ther that, failing to address issues related to spatial 
heterogeneity may cause the estimated parameter 
produced by a global regression model to be mis-
leading locally. The GWR on the other hand has 
the capability of dealing with spatial heterogeneity, 
that is, by taking into account the coordinates in es-
timated parameter. The standard GWR model can 
be mathematically expressed at location i in space 
as follows (Crespo, Grêt-Regamey, 2013: 667):

	 p

	 Pi = β0 (ui, vi) + ∑βk (ui, vi) xik + εi,      i = 1, …., n, 	
		   (b)
	 k = 1
where,
Pi	 =	 the response variable at point i,
ui, vi	 =	 the spatial coordinates of point i,
β0 (ui, vi)	 =	 the location-specific intercept term parameter,
βk (ui, vi)	 =	 the kth location-specific parameter,
p	 =	 the number of unknown local parameters to be estimated (excluding the intercept term),
xik	 =	 the kth explanatory variable associated with βk,
εi	 =	 a random component assumed to be independently and identically distributed,
n	 =	 the number of observations

Based on equation 2 above, location-specific pa-
rameters βk (ui, vi) are estimated using weighted 

least squares and can be expressed as follows (Cre-
spo, Grêt-Regamey, 2013: 667-668):

	 β (ui, vi) = [XTWiX]-1XTWiy,      i = 1, …., n,	 (c)

where, 	
β (ui, vi)	 = a (p x 1) vector parameter estimates at location i,
X	 = an (n x p) matrix of observed explanatory variables,
Wi	 = a distance decay (n x n) matrix 
y	 = an (n x 1) vector of observed response variables,

Note that p and i are as defined in the equa-
tion  2 above. Location i is also denoted as the re-
gression point; the point at which parameters are 
being estimated. As expressed in the equation 
above, the weighting of an observation is done 
through a distance decay matrix (Wi) so that ob-

servations located near to the point in space are 
weighted more than observations located further 
away. As mentioned above, a new version of GWR 
called S-GWR developed by Nakaya et al. (2009) 
is actually the extension from the previous ver-
sion of GWR; in this new version the user is able 
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to implement model selection through semipara-
metric approach. As  semiparametric includes par-
tially linear terms of explanatory effects on the 

dependent variable in the canonical parameter 
and it can be expressed as follows (Nakaya et al., 
2009: 3):

	 p

	 Pi = β0 (ui, vi) + ∑βk (ui, vi) xik +∑γƖZ	 Ɩii = 1, …., n	 (d)

	 k = 1	 Ɩ = 1

where ZƖi is Ɩth explanatory variable and γƖ is its 
coefficient that is globally fixed across geographi-
cal area. By these geographically weighted calibra-
tion and semiparametric approach, continuous and 
smooth surfaces of local parameter estimates can 
be mapped over geographical area and the effects 
of explanatory variables on dependent variable can 
be judged whether it globally fixed or geographi-
cally varying. 

3.	 The study area and data acquisition

3.1.	 The study area

The empirical study was conducted in Tanjung 
Malim, Perak, Malaysia which is located approxi-
mately 70 kilometres north of Kuala Lumpur and 
130 kilometres south of Ipoh  via the  North-South 
Expressway, and in recent years a lot of develop-
ment can be observed particularly after the operat-
ing of heavy industry such as PROTON (national 
car maker), vendors for PROTON and the com-
pletion of phase one Sultan Azlan Shah Campus 
(Sultan Idris Education University) in Proton City. 
Tanjong Malim was chosen because there were 
enough housing transactions during the period of 
study (2011) and also a sufficient variation within 
the locational attributes. It encompasses an area of 
949.86 square kilometres and had a population of 
about 41,693 in 2010. There are three biggest em-
ployers in Tanjong Malim: national car maker PRO-
TON Company (which has a production plant in 
Tanjong Malim) and its vendors, Sultan Idris Edu-
cation University (two campuses) and Sultan Azlan 
Shah Polytechnic.

Tanjong Malim itself is a medium sized town 
which lies on the  Perak-Selangor  state border, 
with  Bernam River serving as the natural divid-

er and also at the foot of Titiwangsa range. The 
main features in the landscape are natural greens 
and commodity crops such as palm oil and rubber 
plantations. The buildings in the town are typically 
not higher than three stories. In most of the hous-
ing areas detached, terraced and traditional Malay 
houses predominate. Thus, the general profile of the 
town is almost flat. As a newly developed area, resi-
dents of Tanjong Malim are served by basic ameni-
ties such as local banks, post office, district hospital, 
worship places, local shops, commuter service, me-
dium size shopping mall and small size fast food 
restaurants. Furthermore, the only recreational fa-
cility available in Tanjong Malim is located 10 kilo-
metres away from main residential areas and it was 
developed by a private company as part of an inte-
grated township known as Proton City consisting of 
residential, commercial, institutional as well as in-
dustrial areas. For private transport, Tanjong Malim 
benefits from good arterial road access. 

3.2.	 Sampled data 
and selection of independent variables

House price transactions for 2010 and 2011 were 
chosen to be the sample for this study. In total, 350 
units of residential property selling prices were col-
lected. However, after going through several steps to 
clean the sample dataset by eliminating the unsuita-
ble data and unavailable data (3), the study was left 
with 217 observations across 14 housing estates. The 
selling price of an individual house and its struc-
tural attributes were collected from the Department 
of Valuation and Property Services, Malaysia (Teluk 
Intan, Perak branch).

Variables used in this paper were selected on the 
basis of their inclusion in previous studies (see, for 
wexample, Powe et al., 1995; 1997; So et al., 1997; Or-
ford, 1999; Irwin, 2002; Tse, 2002; Cohen, Coughlin, 

http://en.wikipedia.org/wiki/Kuala_Lumpur
http://en.wikipedia.org/wiki/North-South_Expressway,_Malaysia
http://en.wikipedia.org/wiki/North-South_Expressway,_Malaysia
http://en.wikipedia.org/wiki/Perak
http://en.wikipedia.org/wiki/Selangor
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2008; Anderson et al., 2009; Dziauddin et al., 2013; 
Dziauddin, 2013) and most importantly, on the basis 
of their availability and multicollinearity. According 
to Laakso (1997 cited by Tyrvainen, Miettinen, 2000), 
the number and quality of explanatory variables vary 
considerably from one study to another. In Laakso’s 
review of 18 hedonic price studies the number of ex-
planatory variables in the models varied from three 
(Linneman, 1981) to 30 (Palmquist, 1984). 

A list of variables for inclusion in the HPM and 
S-GWR is given in Table 1. It has been argued by 

Tyrvainen and Miettinen (2000) that in hedonic 
models multicollinearity between explanatory var-
iables commonly exists. As a result, ‘estimating ac-
curate and stable regression coefficients may be 
difficult’ (Tyrvainen, Miettinen, 2000: 209). To han-
dle this problem Tyrvainen and Miettinen suggest 
that one can omit a highly collinear variable from 
the model, provided this does not lead to serious 
specification bias. For example, Ohlsfeldt (1988) im-
plies that restricting the number of variables may 
also make the interpretation of results easier.

Table 1. List of explanatory variables and their expected effects on residential property prices

Explanatory variables
(Structural attributes)

Expected
sign*

Explanatory variables
(Locational attributes)

Expected
sign*

Size of floor area 
Size of lot area
Bedroom
0 = <3 rooms, 
1 = 3 rooms or more
Freehold,
0 = no, 1 = yes

+
+
+

+

Proximity to CBD
Proximity to primary school
Proximity to secondary school
Proximity to university
Proximity to mosque

-
-
-
-
?

Explanation: + increasing/- reducing effect on the selling price. ? indicates an a priori undetermined sign

Source: Author’s own work

In order to measure the distance to location-
al attributes from a given residential property, the 
geographical information systems (GIS) was used 
in this study. GIS was used to organise and man-
age large spatial datasets (that is, units of residen-
tial properties) and of course their structural and 
locational attributes too. Most importantly GIS was 
used to position each observation accurately on a 
local map by using the geographical coordinates. 
Moreover, the combination between GIS and spatial 
analysis has been particularly useful in this study 
in which the distance and proximity were meas-
ured accurately by measuring the distance from one 
point to another using network distance.

4.	 Empirical results

The results of the HPM and S-GWR models using 
the above specification are presented below in two 
stages. The first part shows the results from the he-

donic price model and the second part shows the 
results from the S-GWR model. 

4.1.	 The HPM estimation 

The next stage of the estimation process using the 
HPM is to choose the functional form which best 
portrays the relationship between a property’s mar-
ket price and each of the variables describing its 
characteristics. There were four common function-
al forms used in the HPM: linear, semi-log, dou-
ble-log and Box-Cox linear (Garrod, Willis, 1992; 
Cropper et al., 1988; Palmquist, 1984). Unfortunate-
ly, economic theory does not generally give clear 
guidelines on how to choose a particular function-
al form for property attributes (Tu, 2000; Garrod, 
Willis, 1992). However, Cropper et al. (1988) sug-
gest that linear, semi-log, double-log and Box-Cox 
linear perform best, with quadratic forms, includ-
ing the quadratic Box-Cox, faring relatively badly. 
Based on the advice given by Cropper et al. (1988), 
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double-log specification was used to measure the ef-
fects of the LRT system on residential property val-

ues in this study. The model is regressed on a set of 
eterminants as follows:

	 lnPi = β0 + β1lnFLRAREAi + β2lnLOTAREAi +β3BEDROOMi+β4FREEHOLDi + β5lnCBDi+

	 + β6lnPRIMARYSCHi +β7lnSECONDARYSCHi+β8lnMOSQUEi+ β9lnUNIVERSITYi+ ε	 (e)

where i is the subscript denoting each property; Pi is the price of property i in Malaysia Ringgit (RM); 
ln is natural logarithm; FLRAREA is the floor area of the property in square metres; LOTAREA is the 
size of lot area of the property in square metres; BEDROOM is 1 if property has 3 or more bedrooms, 
0 otherwise); FREEHOLD is 1 if the property is classified as free hold, 0 otherwise (least hold). CBD, 
PRIMARCHSCH, SECONDARYSCHL, MOSQUE and UNIVERSITY are Tanjong Malim town, primary 
school, secondary school, mosque and university respectively. These continuous explanatory variables are 
all measured in metres. Finally, β0,...,β9 denotes a set of parameters to be estimated associated with the ex-
planatory variables (including the intercept term), and ε denotes standard error of the estimation, which 
is assumed to be independently and identically distributed. The descriptive statistics of the model’s vari-
ables are shown in Table 2.

Table 2. Descriptive statistics of the model’s variables

Variable Typea Description Units Minimum Maximum Mean

Dependent variable
SELLING

Explanatory variables
Structural variables
FLRAREA
LOTAREA
BEDROOM
FREEHOLD

Location variables
CBD
PRIMARYSCH
SECONDARYSCH
MOSQUE
UNIVERSITY

C

C
C
C
D

C
C
C
C
C

Residential property price trans-
actions 

Size of floor area 
Size of lot area 
Number of bedroom
Free hold type of house

Proximity to central business dis-
trict
Proximity to primary school
Proximity to secondary school
Proximity to mosque
Proximity to university

Malaysia Ringgits 
(RM)

Square metre
Square metre
Dummy (0 or 1)
Dummy (0 or 1)

Metre
Metre
Metre
Metre
Metre

38,000

46.50
55.60

50
20
88

750
850

550,000

233.74
709.00

709
9,900
7,500
8,600
9,800

137,221.09

106.19
176.19

4,249.68
2,805.67
1,602.71
3,756.45
3,543.09

Explanation: aC = continuous; D = binary

Source: Author’s own work

Table 3 presents the summary of the parameter 
estimates associated with the ‘best’ model for dou-
ble-log specification together with geographical vari-
ability tests of local coefficients procedure for S-GWR 
model. In general, the model fits the data reasonably 
well and explained 81.2 per cent of the variation in 

the dependent variable. Within the final model most 
of the explanatory variables that influenced residen-
tial property prices are significant at the 1 per cent 
level and have the anticipated positive and negative 
signs except for two variables: central business district 
(CBD) and secondary school (SECONDARYSCH).
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Table 3. Global regression statistics and ANOVA table

Hedonic price model (HPM)

Coefficient t-value Implicit price 
(RM2011)

Geographical variability tests 
of local coefficients*

Intercept

Structural Variables
	 FLRAREA
	 LOTAREA
	 BEDROOM
	 FREEHOLD 
Locational Variables
	 CBD
	 PRIMARYSCH
	 SECONDARYSCH
	 MOSQUE 
	 UNIVERSITY
Summary Statistics
	 No of observations = 217
	 Dependent mean = 137229.09 
	 R2 (adjusted) (HPM: 81.2; 
	 GWR: 84.6)
Akaike Information Criterion
	 (HPM: -9.93 ; GWR: -16.32)

ANOVA
	 OLS residuals
	 GWR improvement
	 GWR residuals

4.905

0.838
0.326
0.083
0.133

0.088
-0.035
0.069
0.049
-0.002

Sum of 
squares
12.507
2.296

10.211

11.747

19.155
8.241
1.120
2.924

4.220
-1.166
2.017
0.487
-0.014

Degrees
of freedom

211.000
15.559

195.441

134.96

1,082.88
253.89

11,389.35
18,250.40

2.84
-1.71
5.91
1.79
-0.07

-1,283.448

-25.866
-1.791
-0.448

NA

-0.012
-53.251
-36.716

-1,083.553
-715.174

F value

2.824

Explanation: * = negative value indicates that these variables are varies across geographical area 
NA = FREEHOLD variable was classified as global therefore were not included in geographical variability test

Source: Author’s own work

The implicit prices of the continuous explanatory 
variables were calculated by holding all other varia-
bles at their mean level.The parameter estimates as-
sociated with floor area (FLRAREA) are found to be 
the most dominant factor in determining the resi-
dential property price. For every square-metre in-
crease in floor area, the expected selling price of a 
residential property increases by RM1082.88. The 
greater magnitude of the effect of floor area was ex-
pected since floor area is always associated with the 
size of the property – this is consistent with most of 
the hedonic house price literature.

The parameter estimates concerning size of lot 
area (LOTAREA) indicate that every metre increase 
in lot area can add RM253.89 to residential proper-
ty prices. The probable explanation for this is that 

bigger lot size can provide more land space that can 
be used in different and exciting ways. For example, 
the children can have a larger yard to play in. Fur-
thermore, those who are creative can beautify the 
property with plenty of plants and shrubs through 
gardening and landscaping. In other words, extra 
space is a big advantage when it comes to enter-
taining friends and family members. Based on the 
advantages listed above it can be expected that the 
size of lot area of properties has a positive effect on 
their prices.

The results also tell us that a unit of residen-
tial property with three or more bedrooms (BED-
ROOMS) is sold at RM11,389.35 more than 
a  property with less than three bedrooms. Howev-
er, the t-value for this explanatory variable is found 
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to be statistically insignificant. Note that the insig-
nificant t-value in the HPM may be found to be sig-
nificant in the S-GWR model.

Another structural attribute with a positive effect 
on residential property prices is tenancy attribute 
(FREEHOLD). The parameter estimates for tenan-
cy indicate that a residential property with freehold 
title is worth RM18,250.40 more than a residential 
property without that title (leasehold). The positive 
effect of freehold tenancy was expected since free-
hold of a residential property means that one owns 
the property and the land it is on outright, whilst 
in the case of leasehold tenancy the length of lease 
can affect the selling price if one decides to sell the 
property. In Malaysia for example, majority of lease-
hold properties are granted only for up to 99 years. 

In terms of the locational attributes of explana-
tory variables, the parameter estimates for a prima-
ry school (PRIMARYSCH) suggest that the selling 
price of a residential property decreases by RM1.71 
for every away which is rather small and with in-
significant t-value. In the case of secondary schools 
(SECONDARYSCH) and central business district 
(CBD) the estimation for these two variables is 
significantly positive. This is somewhat counterin-
tuitive: we might expect that residential property 
price would decrease as the distance from a sec-
ondary school and CBD increases. The results from 
the HPM also show that residential property price 
experiences increase for every metre away from 
a mosque (MOSQUE). The possible reason for this 
is that traffic, parking congestion and noise are al-
ways associated with a mosque, in particular during 
Friday prayers or when some community activities 
are organised. Traffic and parking congestions that 
occur can potentially cause residential properties lo-
cated around a mosque to become less favourable 
among buyers, hence they will bring down the val-
ue of the residential properties. Similarly, the use of 
loudspeakers by a mosque when calling to prayer by 
‘muezzin’ is also perceived as an annoyance to some 
people and residential properties around a mosque 
may also become less favourable among buyers. Fi-
nally, for proximity to university (UNIVERSITY) 
the model suggests that for every metre away from 
a university house price experiences decrease by 
RM0.07 but with insignificant t-value. 

The conclusion that can be drawn from the 
above findings is that structural attributes of the 

property played a greater role in determining res-
idential property prices in the study as compared 
to locational attributes. As discussed above, the 
size of floor and lot area have been shown to con-
tribute more greatly to the residential property 
price. The possible explanation that could be giv-
en is that majority of housing estates in Tanjong 
Malim were developed in the late 1990s and ear-
ly 2000, therefore as they are new properties, it is 
reasonable to expect that home buyers have to pay 
more for the structural attributes rather than loca-
tional attributes. Furthermore, as mentioned in the 
above discussion Tanjong Malim itself is a newly 
developed area and as a newly developed area the 
number of amenities available in TanjongMalim is 
rather basic, hence the influence of these amen-
ities on residential property prices could not be 
observed or they are too small to make a greater 
impact. 

It has been argued by Orford (1999) that the sig-
nificant and greater effect of locational attributes on 
residential property prices is frequently observed in 
a well-established area, whilst in a newly developed 
area structural attributes of the property normally 
play a greater role. The above finding is in line with 
the study carried out by Dziauddin (2009) in the 
Klang Valley where he found home buyers in Pet-
aling Jaya paid marginally more for locational at-
tributes, whilst in Wangsa Maju-Maluri area they 
paid more for structural attributes. This is because 
the former area is a very well established area with 
a good number of amenities as compared to the lat-
ter area which emerged as a new town in the late 
1990s. Furthermore, most of the housing estates 
in WangsaMaju-Maluri were developed in the late 
1980s and early 1990s, compared to housing estates 
in Petaling Jaya which were developed during the 
1970s. It is clear that the newest housing built dur-
ing the 1980s and 1990s has the highest value over 
residential properties built during the 1970s. In oth-
er words, the value of houses tends to decrease with 
increasing age. In order to fully understand how 
structural and locational attributes interact with res-
idential property prices further analysis needs to be 
carried out in the local environment, that is, with 
the use of S-GWR model. Perhaps by using the lo-
cal model we would be able to confirm the above 
findings and maybe some more important findings 
can be revealed.
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4.2.	 Calibration of the HPM: 
S-GWR estimation

As highlighted in the literature, the main contribu-
tion of the GWR technique is the ability to explore 
the spatial variation of explanatory variables in the 
model. Thus, the coefficients of explanatory variables 
may vary significantly across geographical area. The 
analysis using S-GWR software in this paper pre-
sents two diagnostic types of information: the infor-
mation for the HPM and S-GWR model – including 
general information on the model and an ANOVA 
(it can be used to test the null hypothesis that the 
S-GWR model has no improvement over the HPM).

In this analysis, the local model benefits from a 
higher adjusted coefficient of determination (adjust-
ed R2) from 81.2 per cent in the HPM to 84.6 per 
cent in the S-GWR model and the Akaike Informa-
tion Criterion (AIC) of the S-GWR model (-16.318) 
is lower than for the HPM (-9.933) suggesting that 
the GWR local model gives a significantly better ex-
planation, after taking the degrees of freedom and 
complexity into account.

As mentioned above, one of the advantages of 
S-GWR is the ability to explore the spatial varia-
tion of explanatory variables in the model. Based 
on geographical variability tests of local coefficients 
procedure, the S-GWR software can examine the 
significance of the spatial variability of parameters 
identified in the local parameter estimates and the 
results of the test are shown in Table 3 above.

4.2.1.	 Analysing the spatial variation 
of parameter estimates and T-surfaces

All the local parameter estimates can be mapped 
but due to space limitations, this paper concentrates 
merely on two variables: floor area and secondary 
school. These parameter estimates are mapped us-
ing inverse distance weighted (IDW) interpolation 
that is available in ArcGIS. These two variables are 
chosen because they represent both structural and 
locational attributes. Thus, they can be used to con-
firm and answer the above findings. Besides that, 
with respect to the variable secondary schools it was 
estimated that residential property price experienc-
es increase for every metre away from a secondary 
school, which is counterintuitive. To confirm this 

results further analysis needs to be carried out in 
the local model.

According to Mennis (2006) the best interpreta-
tion comes from maps of local parameter estimates 
alongside the maps of local t-value since the local 
t-value maps exhibit the local significance that ac-
counts for the local varying estimate errors. The 
parameter estimates for Figure 2 and 3 show the 
spatial variation over geographical area of a pre-
mium on residential property prices provided by 
two explanatory variables: floor area and second-
ary schools. In these two figures, the local estimat-
ed parameters are shown as different colour bands 
and the points represent the t-value. Note that for 
variables to be classified as statistically significant, 
the t-value of those variables needs to be at 1.96 
or greater (positive and negative signs). It is clear 
from the maps that the estimated parameters and 
t-values exhibit significant spatial variation across 
geographical area – this information is completely 
invisible in the global estimation and is only seen 
in the local model.

4.2.1.1.	 Size of floor area (FLRAREA)

In the HPM, the value of floor area is estimated at 
an average of RM1,082.88 per square metre. How-
ever, the S-GWR model illustrates how the implicit 
price of floor area varies from one place to anoth-
er (see Fig.1). As can clearly be seen on the map, 
the implicit price of floor area is estimated to be 
between RM275 and RM1,370 per square metre, 
with positive significant t-value. Indeed, the implic-
it prices of floor area that have been estimated to 
be constant across geographical area by the HPM 
in fact vary between locations.

As shown on the above map, the implicit price 
of floor area for some residential properties in Tan-
jong Malim is estimated at a much cheaper rate 
compared to the rate estimated by the HPM. For 
example, there are some residential properties lo-
cated in the north-east and south-west which expe-
rience increase in selling price of between RM275 
to RM823 (white and light red bands). Meanwhile, 
there are also some residential properties locat-
ed in north-west, east and south-east where their 
floor area is estimated at a much higher price 
–  the implicit price of floor area is estimated to 
be between RM1,098 to RM1,380per square metre 
(red band).
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Fig. 1. Map of t-values and parameter estimates associated with floor area

Source: Author’s own work

4.2.1.2.	 Proximity to secondary schools 
(SECONDARYSCH)

In the case of secondary schools, it has been esti-
mated by the HPM that residential property prices 
would increase by MYR5.91 for every metre away 
from a secondary school. An examination of Fig-
ure 2 shows that the t-values and estimated param-
eters illustrate considerable spatial variation on the 
impact of secondary schools on residential proper-
ty prices which is hidden in the HPM. Generally, 
a majority of buyers in this area do not positive-
ly value the existence of secondary schools when 
they buy a property. As can be seen from Figure 

2 below, the majority of houses increase in value 
for every metre away from a secondary school. Yet, 
there are some buyers who positively value the ex-
istence of secondary schools in the neighbourhood 
by spending marginally more money to be closer 
to a secondary school. It can be seen from Figure 
2 that residential properties located in south expe-
rience decrease in selling price of between RM9.67 
to RM34.24 (red and light red bands) for every me-
tre away from a secondary school together with sig-
nificant t-value. Observation that can be made here 
is that there is degree of importance to be closer to 
a secondary school for the affected residential prop-
erty owners in the areas being dissected.
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5.	 Conclusions

As stated previously, the purpose of this paper is 
to analyse the local geography of the relationship 
between residential property prices and its deter-
minants in Tanjong Malim, Perak. This paper es-
tablished that the results of the HPM used were 
insufficient for drawing conclusions about the re-
lationship between residential property prices and 
its determinants in Tanjong Malim. This insufficien-
cy was due to the nature of the HPM as a global 

Fig. 2. Map of t-values and parameter estimates associated with secondary schools

Source: Author’s own work

model which does not have the capability to cap-
ture the geographical context and variation with-
in which properties are located. To correct for this, 
further analysis determined that a spatial econo-
metric model would be a better tool for analyzing 
the relationship. Therefore, the S-GWR model was 
employed to analyse more directly the relationship 
locally.

In terms of its overall findings, the results of 
the HPM demonstrated that structural attributes 
of the property played a greater role in determin-
ing residential property prices in the study. As dis-
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cussed above, the size of floor area has been shown 
to contribute more greatly to the residential prop-
erty price. The results of the HPM analyses also in-
dicated that the effect of some locational attributes 
such as CBD and secondary schools is positive; that 
is, the residential property values tend to increase 
with increasing distance from CBD and a second-
ary school.

However, further analysis using the S-GRW re-
vealed that such elementary analysis effectively 
hides a more complex relationship between resi-
dential property prices and its determinants un-
der study. The results of the S-GWR model clearly 
demonstrated that this relationship varies across 
geographical area; that is, the magnitude and di-
rection of the relationship is geographically de-
pendent, with residential property prices in some 
areas affected positively and greatly, and in other ar-
eas positively but with lesser magnitude. This is ev-
idently true for floor area where the results from the 
HPM indicated that the size of floor area has been 
shown to contribute more greatly to the residen-
tial property price. However, the analysis using the 
S-GWR model revealed that the effects and magni-
tudes of this attribute on residential property prices 
vary across geographical area. Similar to secondary 
schools where it was estimated by the HPM that 
residential property prices tend to increase with in-
creasing distance from a secondary school. But the 
results from the S-GWR suggest that the relation-
ship between residential property prices and a sec-
ondary school also varies geographically, that is, in 
terms of magnitude and direction, with residential 
property prices in some areas affected positively and 
in other areas negatively by distance from a second-
ary school.

The conclusion that can be drawn from this 
study is that structural and locational attributes in-
deed do have an impact on pricing, but this im-
pact varies depending on residential location. Along 
with its contribution to knowledge in this field, at 
very least, then, such information may be relevant 
and beneficial to future urban development in Tan-
jong Malim and other urban settings where atten-
tion should be given to providing more amenities 
within close proximity to residential area in order to 
boost residential property prices – increases in resi-
dential property prices indirectly can generate more 
revenues for local council through taxing.

Notes

(1)	 Following Hashim (2010: 38) affordability is-
sues in Malaysia have never been dealt with in 
great detail and no specific study on housing af-
fordability has been done. The connotation ‘af-
fordable house’ which has been widely used by 
housing developers in Malaysia is mainly their 
selling point without reference to any estab-
lished facts or index as base point.

(2)	 The presence of spatial effect on the validity of 
traditional statistical methods has long been 
recognised as a potential problem (see, for in-
stance, Anselin, 1988). For example, spatial ef-
fects such as heteroscedasticity can pose severe 
problems, particularly a violation of underlying 
independence assumptions, identically distrib-
uted errors in the ordinary least squares (OLS) 
regression model (assumptions four and five) 
used to estimate the hedonic model.

(3)	 The following criteria were implemented for the 
purpose of sales transactions data cleaning; non 
year 2011 transactions, non-residential proper-
ty use, incomplete information and suspected 
error in data entry.
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