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ABSTRACT 

 
 
 
 

The limitation and highly complex process of discrete measurement of 
location have encouraged searching for alternative approach to derive locational 
compensation factor in the prediction of property values.  A new approach by use of 
Geographical Information System-Multiple Regression Analysis-generated location 
value response surface (GIS-MRA-generated LVRS) approach was proposed in this 
study.  The method used LVRS in a GIS to model locational influence from MRA-
generated residuals, with no locational variables on residential property values in the 
local context by integrating spatial & aspatial data in term of developing a hybrid 
predictive model.  This study has three main objectives.  First, to discuss the 
pertinent factors influencing residential property values, including the location 
factors.  Second, to develop a predictive model of residential property values, 
whereby the locational factor is modelled by GIS-MRA-generated LVRS.  Third, to 
examine the usefulness of GIS-MRA-generated LVRS to improve the quality of the 
regression model.  To achieve these objectives, this study was divided into two main 
parts.  The first part comprised the theories of value, residential property value 
factors, location modelling, MRA modelling, and the spatial interpolation techniques. 
The second part,  comprised the development of hybrid models, whereby the 
locational factors was modelled by GIS-MRA-generated LVRS approach and 
examining its ability to improve regression modelling.  As many as125 individual 
terraced units in three adjoining housing schemes (Taman Pelangi, Taman Sentosa 
and Taman Sri Tebrau) in Johor Bahru were used for model estimation, while 14 
transacted units were set aside for predictive purposes.  Results have shown models 
applying LVRS have managed to improve overall model’s statistical quality and 
predictive performance by achieving higher proportion of “reasonably accurate” 
prediction as compared to the traditional MRA models.  The LVRS has allowed a 
clearer spatial visual picture of the location influence to be captured at all level in the 
study area. The location factor influence to property value can be modelled in a more 
effective way.   
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ABSTRAK 

 
 
 
 
 Batasan dan proses yang amat kompleks dalam pengukuran lokasi secara 
berasingan telah menggalakkan pencarian kaedah alternatif untuk mendapatkan 
pengganti bagi faktor lokasi dalam meramalkan nilai harta tanah.  Kaedah baru 
dengan menggunakan Geographical Information System-Multiple Regression 
Analysis-generated location value response surface (GIS-MRA-generated LVRS) 
dicadangkan dalam kajian ini.  Kaedah ini menggunaan LVRS dalam GIS untuk 
memodelkan pengaruh lokasi daripada penghasilan residual daripada MRA, tanpa 
pembolehubah lokasi bagi nilai harta tanah kediaman dalam konteks tempatan 
dengan penyatuan data spatial dan bukan spatial untuk membangunkan model 
campuran.  Kajian ini mempunyai 3 objektif utama.  Pertama, membincangkan 
faktor-faktor penting yang mempengaruhi nilai harta tanah kediaman, termasuk 
faktor-faktor lokasi.  Kedua, membangunkan model ramalan bagi harta tanah 
kediaman, di mana faktor lokasi dimodelkan dengan menggunakan GIS-MRA-
generated LVRS.  Ketiga, menguji keupayaan GIS-MRA-generated LVRS dalam 
meningkatkan kualiti model regresi.  Untuk mencapai objektif ini, kajian ini 
dibahagikan kepada dua bahagian utama.  Bahagian pertama merangkumi teori nilai, 
faktor-faktor nilai harta tanah kediaman, pemodelan lokasi, pemodelan MRA, dan 
teknik spatial interpolation.  Bahagian kedua, merangkumi pembangunan model 
kacukan, di mana faktor lokasi dimodelkan dengan GIS-MRA-generated LVRS dan 
pengujian keupayaannya dalam meningkatkan pemodelan regresi.  Sebanyak 125 
individu unit teres dalam 3 taman perumahan bersebelahan telah dipilih untuk 
penganggaran model, 14 rumah transaksi disediakan untuk tujuan ramalan.  
Keputusan menggambarkan model dengan mengaplikasikan LVRS dapat 
meningkatkan statistik kualiti bagi model secara keseluruhan dan keupayaan 
meramal dengan mendapatkan lebih tinggi pembahagian bagi meramal “tepat 
munasabah” berbanding dengan model MRA tradisional.  LVRS membolehkan 
penggambaran spatial yang lebih jelas bagi pengaruh lokasi yang telah ditangkap di 
semua lapisan kawasan kajian.  Pengaruh faktor lokasi ke atas nilai harta tanah boleh 
dimodel dengan lebih berkesan.   
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CHAPTER 1 

 
 
 
 

INTRODUCTION 

 
 
 
 
1.1 Introduction 

 
 

Residential property is a multi-dimensional heterogeneous commodity, 

characterized by its durability and structural inflexibility as well as spatial 

immobility. Past studies have advocated that each residential unit has a unique 

bundle of attributes such as accessibility to work, transport, amenities, the structural 

characteristics, neighbourhood, and environmental quality (Muth, 1960; Ridker and 

Henning, 1967; Stegman, 1969; Kain and Quigley, 1970; Evans, 1973; Lerman, 

1979; So et al., 1997). In particular, these studies have indicated that house price 

function relates to location. It is commonly accepted that properties are spatially 

unique and this means that the location is an intrinsic attribute of a dwelling that will 

directly determine one housing quality and its market value. The importance of 

location in real estate is widely acknowledged and, as such, it is arguably the most 

important factor affecting property values (Ali, 2004).  

 
 
However, modelling the location factor in property valuation has proved 

difficult because of the wide range of spatially defined attributes, which may or may 

not affect the value at a particular time and location.  Furthermore, there is little 

consensus in the literature as to the best proxy for location factors, their 

measurements and how they influence property values.  Consequently, modelling 

location for valuation purposes can be very difficult and subjective. 
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MRA is considered as a primary technique of the mass valuation models to 

explain and predict property values.  In this context, MRA has been used to estimate 

residential property values in the U.S, since the 1950s and in U.K since the 1980s 

(Pendleton, 1965; Greaves, 1984; Adair and McGreal, 1988). This is also applied in 

other countries such as Australia, New Zealand, and Singapore, but has yet to be 

adopted in Malaysia.  In applying MRA in property valuation, researcher must 

attempt to identify the data to be collected and variables to be measured in 

quantitative form. This task becomes more complicated when the location influence 

on residential property values needs to be identified.  

 
 
Research that has sought to assess the determinants of property value has 

either ignored detailed location analysis or just deal with it only in a very general 

sense (Wyatt, 1997; So et al., 1997).  To take an easy way out, some researchers 

simply omit the locational variables in their valuation models (Ferri, 1977).  An 

interview has been conducted with local valuation-based firms and government 

offices such as Rahim & Co, Jurunilai Bersekutu. C.H.William & Talhar, Raja 

Hamzah, Ismail & Co, Zaki & Partners, T.D.Aziz, and Valuation and Property 

Services Offices (JPPH).  Results found that the valuers infer a substantial amount of 

information about a property from its location, based on their local knowledge and 

experience.  These have formed a variability of opinion among the valuers regarding 

the specific influence of location to property value.  It is inevitable that no two 

valuers will apply same steps of action towards an opinion on location influence to a 

property value. 

 
 
Location is an amalgamation of several factors that include a number of 

sources such as accessibility to shopping, employment, educational and leisure 

facilities; exposure to adverse environmental factors, such as traffic noise and 

hazard; neighbourhood amenity; perceived levels of neighbourhood security; and so 

on (Gallimore et al., 1996; McCluskey et al., 2000).  From these, two key 

components of location can be isolated, i.e. neighbourhood quality and accessibility 

(McCluskey et al., 2000).  Few, however, are capable of numeric measurement, but 

the measures may not always be valid representation of the influence, especially 

because of the complex interaction of value factors.  For example, a property close to 
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excellent communication links may have a great influence on price of the property.  

The property value may also be reduced due to the impact of adverse environmental 

effects including busy traffic noise etc.  It is apparent that all these factors will 

determine the particular property and housing quality.  Therefore, by allowing one of 

these correlations have a substantial different impact in the estimated model.   

 
 

 Take for instance accessibility, the common approach applied in examining 

the locational factor is to include a distance variable from the Central Business 

District (CBD), which simply assumes that the location is homocentric.  This is 

based on the traditional location theory that examines the role of accessibility to 

central locations on house price.  However, it is argued that house prices are 

determined not only by accessibility but also by the environmental attributes of the 

location (Stegman, 1969; Richardson, 1971; Henderson, 1977; Pollakowski, 1982).  

Besides, there are also theories of multiple nuclei model incorporating the concentric 

pattern that are more appropriate for analyzing locational influence on property 

values.  However, there are also some researchers who employ more sophisticated 

measurements of location in this aspect such as using the type of transport, time 

taken per trip, and transportation cost. 

 
 
 Apart from that, there is an approach that adjusts for location by partitioning 

the study area into neighbourhoods and each neighbourhood will be analyzed 

separately or categorizes each as a dummy variable (Azhari, 2001; Hamid, 2003).  

From the mass appraisal modelling perspective, it is essential to subdivide the study 

area into “realistic” sub-market or neighbourhoods to enable the model to reflect the 

influence of location more accurately.  However, this could pose a modelling 

constraint in terms of data representativeness such as neighbourhoods with too few 

transactions this may give rise to small sample size in some neighbourhoods, which 

may not work well with the MRA technique in the statistical estimation.  Too small 

sample size, therefore, is less concerned with explicit consideration of the values 

ascribable to the characteristics.   
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In addition, the problem commonly faced in the use of neighbourhood is the 

requirement for subjective judgments about the boundaries of each neighbourhood 

and the numeric indicator for neighbourhood quality.  To solve this problem, some 

researchers have simply asked local valuers or local experts to rank the 

neighbourhood quality (Hickman et al., 1984).  There is little consensus, however, on 

which variables are the best proxy for neighbourhood quality measurement.  There is 

no exact answer whether it should be based on actual house price or property 

physical characteristic or housing quality or ward boundary or defined in spatial 

terms (Can, 1990; Adair et al., 1996).  Therefore, neighbourhood quality is arguably 

an unobservable variable (Dubin and Sung, 1987).  Either one of the proxies for 

neighbourhood quality measurement is adopted, it may lead to disparities or 

inconsistencies for properties adjoin or close to neighbourhood boundaries.  A hard 

edge may be implied at such boundaries, whereas in reality the varying influence of 

location may operate far more smoothly and the spatial trends occur as opposed to 

distinct areas of homogeneous property subsets (Mackmin, 1989; Gallimore et al., 

1996). 

 
 
The complexity of locational factors and the problems to identify them, 

which confront their assessment, can seriously threaten the validity of a MRA model.  

This is due to the selection of location characteristics has an impact for the model 

estimation (Can and Megbolugbe, 1997; Raymond Tse, 2002).  If the method of 

computing location characteristics may be inadequate, this will increase the error of 

estimation and reduce the predictive capability of the model.  In fact, location is only 

one of many variables in the equation, and it is commonly agreed as an important 

variable influencing residential property values. For this reason, it appears in almost 

every house price regression.  Hence, an approach, which accurately accommodates 

the transitions of locational influence (capturing the value of neighbourhood and 

accessibility) across a particular area from which valuation data are derived, is 

required.  

 
 
This study uses a LVRS generated by using GIS in the modelling of 

locational influence on residential property values in the local context by integrating 

spatial and aspatial data taking Johor Bahru as a study area.  In particular, this study 



 5

develops locational adjustment factor based on the residuals generated from location-

blind model.  The residuals or the discrepancies between actual and estimated prices 

can be regarded as the value of location and used to construct a LVRS.  This surface 

could then be used to adjust for under-or over-valuation of any property within the 

area to estimate location influences.  In this study, GIS will be used to generate the 

LVRS.  In constructing LVRS, appropriate spatial interpolation analysis technique(s) 

within a GIS will be chosen for this purpose.  In order to consider GIS-MRA-

generated LVRS, this study will concentrate on the model quality improvement and 

predictive performance of the hybrid model (marriage between MRA model and 

location adjustment factor generated from the GIS-generated LVRS) in relation to 

predicting unsold properties whose sales prices are unknown.  Also, the results of the 

traditional approaches in modelling the location effect will be used to compare 

model’s predictive capability. 

 
 

 
 

1.2 Problem Statement 

 
 

Having discussed the background scenarios, the issues of this study can be 

stated as follow: 

 
 

1. What are the pertinent factors influencing residential property values? 

 
 
2. How can the locational influence on the residential property values be 

quantified in the MRA model?  

 
 

3. Will the locational effect modelled by the GIS-MRA-generated LVRS 

improve the regression results? 
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1.3 Objectives of Study 

 
 
 In line with the issues mentioned above, this study has the following 

objectives: 

 
 

1. To discuss the pertinent factors influencing residential property values, 

including the location factors. 

 
 
2. To develop a predictive model of residential property values using MRA, 

whereby the locational factors is modelled by GIS-MRA-generated LVRS.   

 
 

3. To examine whether the use of GIS-MRA-generated LVRS can improve the 

regression results.   

 
 
 
 
1.4 Scope of Study 

 
 

There is a wide range of location attributes.  Real estate is spatially unique in 

which location is an intrinsic attribute that directly determines the quality and market 

value of the property.  Literature review reported that the modelling of the locational 

factors in property valuation is very complex because of the wide range of spatially 

attributes, which may or may not affect value at a particular time and location.  There 

have also a little consensus as the best proxy for locational factor measurement.  

Besides, the combination of individual property-specific location variables is 

necessary because normally there are very few cases in each individual variable to be 

significant in the model (O’Conner, 2002).  Therefore, this study is focusing on 

quantifying locational value factors in the model and considers location in a very 

general manner.  In other words, the locational detail such as distance from school, 

leisure facilities, market and so on are not going to examine in this study. 

 
 
 



 7

1.5 Importance of Study 

 
 

To adjust the property prices for locational influence, adoption of GIS-

assisted approach can be used to enhance the traditional comparison method in 

property valuation, especially if mass appraisal approach has been adopted.  The 

LVRS will tell something about locational differences in residential property values 

across a particular geographic area.  

 
 
This can be used as a starting point to examine the cause-and-effect of 

locational differences in property values in the actual real estate market.  This may 

help further understanding about the actual market forces that occur spatially.  For 

example, in the low-residual areas, further investigation can be carried out to 

ascertain the actual factors giving rise to under-valuation. In the same way, in the 

high-residual areas, further investigation can be carried out to ascertain the factors 

that cause over-valuation. 

 
 
It may be discovered that some in-situ factors have not been taken into 

account in the MRA but have actually determined the prices paid for the properties 

involved.  For examples, unpleasant odours, streets pattern, topography, attitudes of 

residence to maintain the neighbourhood as a good place to live and so on.  These are 

not capable using numeric measurement and even this is so, the measurements may 

not always be valid representing the influence. 

 
 
 
 

1.6 Methodology  

 
 

Briefly, the methodology of this study consists of three main components as 

follows.  Further refinement to the procedure of this study is illustrated in Figure 1.1.   
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1.6.1 Literature Review 

 
 

The literature review is spread over the next three chapters.  Chapter 2 

reviews the issues related to the theories of value and factors influencing residential 

property values, whereby the locational factors will be specifically emphasized.  

These involve wide spectrums of locational issues such as neighbourhood, 

accessibility, environmental quality, etc.  Modelling the value of location, particular 

using the GIS-MRA-generated LVRS is presented in the following this entails, 

among other things, the theoretical foundation of the multiple regression models and 

its application.  The literature on spatial interpolation analysis techniques is 

presented in Chapter 4. 

 
 
 
 
1.6.2 Data Collection 

 
 

There are two major categories of data needed in this study.  They are 

valuation data and GIS data.  The main source of these valuation data is obtained 

from the Johor Bahru Valuation and Property Services Office (JPPH).  The value 

factors selected to build the statistical models in this study are primarily based on the 

availability of data from this department.  The second source is GIS data.   The 

analogue maps (Standard Sheet plans) are obtained from Jabatan Ukur dan 

Pemetaan Malaysia (JUPEM).  The maps are constructed into digital form to provide 

the spatial information that is used in the GIS-MRA generation of value residuals at 

each geo-referenced location of the property in the study area.   

 
 
 
 
1.6.3 Analysis 

 
 

There are three major interrelated components of analysis as follows: 
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1.6.3.1 MRA Modelling 

 
 

The first step in building the regression models is selecting the variables 

based on the literature review.   The second step is specification of the appropriate 

functional forms of the regression models.  Then, the regression results are tested to 

analyze their statistical qualities.  The basic theories of property values and the 

property value factors are discussed in Chapter 2.  The modelling aspects, and in 

particular the modelling of locational variables are discussed in Chapter 3. Data 

procedure is discussed in Chapter 5, and finally, the regression results are discussed 

in Chapter 6. 

 
 
1.6.3.2 Spatial Interpolation Analysis  

 
 

This analysis is carried to construct the LVRS.  As a note, R = v  - v̂  , where  

v̂  is the estimated price from the regression without locational components; v is the 

actual price of the residential property; and R is the discrepancies between the actual 

and predicted price (residual or error of prediction), which capture locational 

influence.  This discrepancies value will be fitted into each locational point to build a 

LVRS.  Therefore, this response surface could then be used to adjust for under-or 

over-valuation (discrepancies) of properties in the study area.    This enables 

locational influence to be measured and accurately accommodated into the 

transitions of locational factors effect across the study area.  The locational influence 

can be measured for any point of property site within the area in relation to predict 

property price.  The LVRS is generated by using spatial interpolation analysis 

techniques available within GIS.  The basic theories and the rationalism of 

interpolation techniques used in this study are discussed in Chapter 4.   

 
 
1.6.3.3 Regression Models Evaluation 

 
 

The ability of the GIS-MRA-generated LVRS to improve the predictive 

model is evaluated on the basis of quality and predictive performance of the other 

models.  Different spatial interpolation analysis techniques (IDW and kriging) for 
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generating LVRS are tested.  Traditional locational factors calibration techniques are 

also compared.  Model quality is evaluated based on their basic statistical 

significance while the predictive performance of the models is evaluated based on 

the size of proportion of mean absolute percentage error (MAPE) of each model and 

the proportion of accurate predictions from the holdout sample.  These are discussed 

in Chapter 5 and Chapter 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Issue: The limitation and highly complex process for discrete measurement of location have 
encouraged searching for alternative approach to derive locational compensation factor.   

New approach should be based on 
 GIS-MRA-generated LVRS 

Literatures on value factors include locational factors

Data collection 

Property sales data: 
-Price  -Type of lot              -Nature of transaction    -Kitchen cabinet 
-Lot number -Age                 -Type of fencing             -Kitchen extension 
-Land Area -Date of transaction   -Type of finishes            -Building extension 
-Gross Floor Area   -Property types         -No. of bathroom/toilet  -Physical improvement 
-Ancillary Area       -Interest in property  -No. of bedrooms          -State of repair 

GIS data: 
-Digitize Standard 
 Sheet plans for study 
 area 
   

Parcel identifier

Integrated database

Value Modelling

GIS-MRA-generated LVRS 

v̂  = f (X1, X2, X3,…Xn) 
 

 
IDW 

 
v̂ = f(X1, X2, X3,…Xn, L1) 

 
Kriging 

         
v̂ = f(X1, X2, X3,…Xn, L2) 

 
v  – v̂  = R 

          R = L

Model evaluation

Improvement of model quality: 
-Statistical result 
 

Predictive Performance: 
-Holdout samples of property sales 
  data 
 

(1) MAPE 
(2) Proportion of accurate prediction  

Traditional MRA GIS-MRA-generated LVRS

Improved predicted values

Conclusion & recommendation 

DATA 

METHOD

RESULT 

Where, 
V - property values; v̂  - predicted property values; X1..n – factors beside locational factors; R - residual; L - locational factors 

 

Figure 1.1:  Flow chart of the research process 

LVRS LVRS 

OBJECTIVE 2 

OBJECTIVE 3 

OBJECTIVE 1 
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1.7 Chapters Layout 

 
 

The contents of this study are divided into five chapters: 

 
 
Chapter 1 – This chapter introduces the background of the study; problem statement; 

objectives; importance of the study; scope of study; methodology and chapter layout. 

 
 
Chapter 2 – This chapter discusses the theories of property values and factors 

influencing residential property values. 

  
 
Chapter 3 – This chapter contains an overview of previous studies in the modelling 

of locational factors for property valuation.  These can be divided into two sub-

categories of models.  They are traditional statistical approach and hybrid approach 

(modelling the value of location using the GIS-MRA-generated LVRS).  This 

chapter includes the discussion on the theoretical foundation of the multiple 

regression models and its application.  

 
 
Chapter 4 – This chapter presents the spatial interpolation analysis techniques used to 

estimate the configuration of LVRS.  The first part presents an overview of the 

interpolation techniques in GIS.  The second part discuses the two interpolation 

techniques selected for this study.  

 
 
Chapter 5 – This chapter explains the data and research procedure.   The first part 

discusses the data used in this study.  The second part explains how to model 

locational effect by using GIS-MRA-generated LVRS.  The third part demonstrates 

how the spatial interpolation analysis techniques (IDW and kriging) within a GIS are 

applied to generate a response surface. Then, the analysis of model improvement 

follows. 

 
 
Chapter 6 – This chapter presents the results of the study.  The first part includes the 

discussion on the MRA and the LVRS of a hybrid model.  In the second part, the 
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statistical significance and predictive performance of the hybrid models are 

compared with the traditional MRA models. 

 
 
Chapter 7 – This chapter concludes the study as a whole and gives some 

recommendations for further study. 
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