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Abstract
Purpose – The purpose of this paper is to analyse and predict the housing prices in Petaling district,
Malaysia and its six sub-regions with a set of housing attributes using functional relationship
model.
Design/methodology/approach – A new multiple unreplicated linear functional relationship model
with both the response and explanatory variables are subject to errors is proposed. A total of 41,750 housing
transacted records from November 2008 to February 2016 were used in this study. These data were divided
into 70% training and 30% testing sets for each of the selected sub-regions. Individual housing price was
regressed on nine housing attributes.
Findings – The results showed the proposed model has better fitting ability and prediction accuracy
as compared to the hedonic model or multiple linear regression. The proposed model achieved at least
20% and 40% of predictions that have less than 5% and 10% deviations from the actual transacted
housing prices, respectively. House buyers in these sub-regions showed similar preferences on most of
the housing attributes, except for residents in Shah Alam who preferred to stay far away from
shopping malls, and leasehold houses in Sri Kembangan are more valuable. From the h-nearest houses
indicator, it is concluded that the housing market in Sungai Buloh is the most volatile in Petaling
District.
Research limitations/implications – As the data used are the actual housing transaction records in
Petaling District, it represents only a segment of Malaysian urban population. The result will not be
generalized to the entire Malaysian population.
Practical implications – This study is expected to provide insights to policymakers, property
developers and investors to understand the volatility of the housing market and the influence of
determinants in different sub-regions. The potential house buyers could also use the model to determine
if a house is overpriced.

The authors would like to thank the Jordan Lee and Jaafar (S) Sdn. Bhd. who provided the housing
data for this study.
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Originality/value – This study introduces measurement errors into the housing attributes to provide a
more reliable analysis tool for the housing market. This study is the first housing research in Malaysia that
used a large number of actual housing transaction records. Previous studies relied on small survey samples.

Keywords Malaysia, Housing prices, Measurement errors, Functional relationship model,
Housing attributes, Petaling district

Paper type Research paper

1. Introduction
The housing sector is very much synchronized with a nation’s economic health. The
fluctuation in demand would affect growth in other economic sectors. Therefore, it is
essential that these price model are as accurate as possible as housing price prediction
are critical for the investors, regulators and household to understand the property
market dynamics, as well as assisting them in decision-making (Clapp and Giaccotto,
1995).

The housing market is different from ordinary consumption goods as it harbour the
attributes of locational fixity, relatively long durability and heterogeneity. The
housing market also susceptible to macro factors such as demographic qualities and
economic development (Hamid and bin Mar, 2006). Various efforts has taken to model
housing prices, for example, monecentric model which based on the assumption that
the housing price is a proximity of localized employment and a reflection of relative
spending power in relates to surrounding areas (Chin and Chau, 2003). In the other
hand, the micro-perspective of housing price can be examined by using hedonic
pricing method (HPM) approach which postulates that commodities are characterized
by their attributes; hence, the total value of the commodity is a summation of values
from its constituent attributes. HPM was widely used in estimating housing price, but
not without controversies. Previous literature mostly proposed that housing price
partly determined by locational and physical characteristics. This includes distance to
amenities or services, travel time or travel cost (Herath and Maier, 2010) and the
results obtained from HPM are likely to be biased due to several assumptions has to
be made when modeling the indexes which includes constant values for some of the
attributes.

Most of the previous studies considered housing attributes as fixed values when
modeling the housing prices. However, some attributes such as distance to the nearby
amenities and housing age may subject to error. The distances between houses to amenities
might be slightly different and housing age might subject to refurbishment and renovation.
This may result in developing a housing price model that cannot truly explain the actual
situation of the housing market behavior. By limiting the housing attributes as fixed value
also provide challenges in explaining situations where houses with similar housing
attributes may be sold at different prices and vice versa. Perhaps, a study on the
interrelationship between housing prices and housing attributes might provide more insight
on explaining such phenomena.

This study proposes a new functional model to investigate the relationship between
housing prices and a set of micro-perspective determinants. The proposed model is taking in
consideration of errors associated with variables while using HPM model and able to
provide greater efficiency in predicting housing price when compared with multiple
regression model (MR). The proposed model was aimed to investigate the influence of
housing attributes on property price in six sub-regions of Petaling District, Malaysia. The
use of a functional relationship model allows the interrelationship between dependent and
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independent variables to be studied. In this study, house price predictions are highly
influenced by extreme values, thus the idea of using the average house price of a certain
number of nearest houses is proposed to diminish or eliminate the effect of extreme prices
and hence increase prediction accuracy.

2. Literature review
2.1 Hedonic pricing method and international housing
Many other empirical types of research that used the hedonic models have been conducted
in both developed and developing nations. Among others are Clark and Herrin (2000),
Clauretie and Neill (2000), Gabriel (1984), Ketkar (1992), Megbolugbe (1989), So et al. (1996),
Ottensmann et al. (2008) and Tyrvainen (1997).

Monson (2009) used hedonic models to study the condominium price in South Boston,
the office building in Peoria, IL, and multi-family condominium units in Reston, VA in
the USA. Among 22 attributes considered, Monson (2009) concluded that attached
garage, swimming pool, private outdoor space, security systems, and extra storage
space are statistically significant variables contributed to transaction condominium
price in South Boston. In the study for the office building in Peoria, 10 variables over 280
office properties were analyzed and the significant variables are total building square
footage, real commercial property index (CPPI), green technology, year renovated and
class of the building. There were 154 multi-family condominium units with 5 variables
selected in Reston. However, the prediction of house price using the hedonic models is
moderately accurate with an average difference of 10 per cent from the actual
transaction house price.

Efforts to improve on prediction efficiency of HPM are not new. Ismail and
MacGregor (2005) studied the housing markets in Glasgow, Scotland combining
hedonic model with the aid of Geographical Information System (GIS) and spatial
statistics. The developed model regressed 2,715 housing prices against 61 independent
variables mainly from the microeconomic perspective for the year 2002. They claimed
that multicollinearity, heteroscedasticity and spatial autocorrelation are the main
sources of problems in a housing price hedonic analysis. To improve the imperfection,
GIS has been used in this model as it involved spatial statistics which can detect
positive spatial autocorrelation easily. As a result, the spatial hedonic has improved
the adjusted R2 by 3.9 per cent point from 75.8 per cent under the ordinary least square
model.

A new hedonic model consists of the location, and individual fixed effects were proposed
by Jiang et al. (2014). This new hybrid approach is less prone to specification errors and
greater computational efficiency. Jiang et al. (2014) fit the model to private single-sale and
repeat-sale properties in Singapore between 1995 and 2014. The hybrid hedonic model
slightly outperforms the Case-Shiller index (Case and Shiller, 1987, 1989) in predicting the
price of single-sales homes out-of-sample, but less accurate for repeat-sales homes out-of-
sample case.

Adyan et al. (2017) studied the house price of nine houses located in Malang, East Java,
Indonesia with 15 micro- (home id, street name, building area and et cetera) and two macro-
economic (value of selling tax object building and land prices) determinants. In their
research, they had adopted linear regression and particle swarm optimization methods to
perform house price prediction of seven different areas – Kelurahan Karang Besuki,
Tunggulwulung, Lowokwaru, Puncak Trikora, Sumbersari, Dinoyo and Manggar, with
seven models each of which represented an area. Among the models developed, model that
represented Kelurahan Karang Besuki has shown the best prediction with a root mean
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square error of IDR 14.186. However, the reliability of the finding is to be questioned as the
sample size is too small.

Neelam and Kiran (2018) on the other hand studied the house price of 3,000 houses
located in Ames, IA with 37 microeconomic housing attributes obtained from the Kaggle
database using regression analysis. In their research, they had estimated the house prices
using linear regression, support vector regression, lasso regression, and decision tree, and
the performance and prediction accuracy of those models were compared and evaluated
using mean square error (MSE), R2 value and et cetera. Among those models, the decision
tree has shown the best performance with the highest accuracy where R2 = 0.99 and MSE =
47184.93 compared to linear regression with R2 = 0.987 andMSE= 79604145.

2.2 The studies of Malaysian housing market
The MHPI was first introduced in 1997 by the National Property Information Centre
(NAPIC). The house price index is a transaction-based index which was computed using
Laspeyres weighted formula (Francis, 2004) with 1990 as the base year and it measures the
change in prices which has been paid for an “average” house using linear regression
analysis or known as the hedonic model. The change in prices was estimated by pricing the
“average” house at the current year and comparing to the base year with the intention to
know how much of the cost of housing has changed between these two years by assuming
the house buyers maintained their standard of living as of the base year. The mentioned
“average” house was priced according to a set of fixed characteristics which comprised of
variables mainly from the micro perspectives. The MHPI was then revised and re-based to
the year 2000 to reflect the changes in buyers’ preference which is to show the new trend in
the housing market. Under the revised MHPI, two statistical techniques namely principal
component analysis and two-step cluster analysis were used to analyze the characteristics or
more precisely the housing neighborhoods which included physical, environmental, social
and economic characteristics (NAPIC, 2015).

The macro perspective of Malaysian housing price prediction was covered by several
researchers. Prior to 2000, a research done by Tan (1999) studied the effects of economic and
financial factors on the housing prices using multiple regression model. The study showed
that total loans to housing, per capita income, unemployment rate, and Kuala Lumpur Stock
Exchange (KLSE) composite index are significant determinants of MHPI. Step-wise model
selection was adopted to eliminate the effects of multicollinearity between explanatory
variables. However, the study failed to provide a good justification for its findings of the
positive relationship between the unemployment rate and MHPI. The causal relationship of
property shares and stocks and housing price are again supported by Lee and Ting (2011),
indicating future policy on listed property companies would likely influence the
development of housing prices. Fundamental determinants such as income and population
growth again showed as strong determinants for supply and demand for housing market in
Wong et al. (2019).

Ong (2013) adopted a regression analysis to study six macro-determinants of MHPI,
which are inflation rate, GDP, population, cost of construction, interest rate, and real
property gain tax (RPGT). Ong (2013) concluded that MHPI is significantly correlated to
GDP, population and RPGT. Study by Shiau et al. (2018) also echoed that GDP do
contributed to the fluctuation of housing prices, while availability of money due to national
monetary policy would stimulate housing demand due to economic prospects. Other local
studies on macro factors include comprehensive study conducted by Central Bank of
Malaysia (2013) has looked into the effects of thirteen macroeconomic-factors, financial-
factors, and government regulations and policies on housing prices using a multivariate
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regression model. In this model, economic growth, change in demography and inflation rate
are dominating the change in housing prices. Contrarily, the study of Central Bank of
Malaysia found that real GDP, inflation rate, base lending rate and RPGT are not
significantly contributed to explaining the housing prices in Malaysia. Lim and Chang
(2018) highlighted that overall landed properties fared better than multi-storey buildings as
preferred residential typology among Malaysian house buyers in urban cities regardless of
their socio-economic backgrounds. Study by Lee (2014) also showed that Malaysian
residential property able to withstand impact of inflation in the long run, however
inconclusive over unexpected inflation. The issue of oversupply might be the possible
explanation. Perhaps, further studies are needed.

In 2002, Chau and Chin proposed a hedonic price model by adapting Lancaster’s
consumer theory and Rosen’s model to study the behavior of the housing market in Penang.
Chau and Chin (2002) considered only 120 condominium transacted prices in Penang and it
was found that actual floor area, floor level, distance from the central business district,
proximity to large shopping centre, proximity to the premier school and availability of
facilities are key contributors to the housing prices.

Yusof and Ismail (2012) analyzed house price variations of double-storey terrace in Kuala
Lumpur using multiple regressions. They concluded that locality is the most influential
factor contributed about 80 per cent of the variations of housing prices in Kuala Lumpur
city. On the other hand, Yusof and Ismail (2012) compared hedonic models for the double-
storey terrace in Penang, Ipoh, Kuala Lumpur, Kuantan and Johor Bahru. Separate models
were constructed for years 1990, 1995, 2000, 2002, 2003, and 2004. It was found that the
gross domestic product (GDP) growth is the main macro-determinant which affects housing
prices in these states with the coefficient of determination, R2 > 0:80. For the micro-
perspective, Yusof (2012) claimed that housing prices in different states are affected by
different predominant factors. For example, in Kuala Lumpur, the MHPI is well explained
by vocational factors while in Johor Bahru, utility-bearing characteristics are found to be the
main factor in affecting housing prices.

Norshazwani et al. (2013) studied micro-perspective of the housing market in three sub-
districts in Kuala Lumpur. They concluded that lot area, building area, house age, and other
micro factors are significantly contributing to MHPI. Norshazwani et al. (2013) proposed
time dummies from the hedonic model to estimate the Hypothetical House Price Index, an
alternative to MHPI. However, this hypothetical house price index failed to correlate well
with MHPI. A similar study by Kam et al. (2016) focused on the double-storey house in
Rawang, Selangor, a sub-urban area located 33 km from the north of Kuala Lumpur. Unlike
an urban area, terrace house prices in Rawang are affected by built-up area and distance
from the shopping centre with the coefficient of determination, R2 ¼ 0:668.

3. Methodology
3.1 Data
This study focuses on terrace houses in Petaling District, the most populated region in
Malaysia. Petaling District is in Selangor state and adjacent to Kuala Lumpur city (Figure 1).
It is divided into six sub-regions under three administrative zones. Shah Alam and Sungai
Buloh are under the governance of Shah Alam City Council, Subang Jaya, Puchong, and Seri
Kembangan are under the governance of Subang Jaya City Council, and Petaling Jaya is
under the governance of Petaling Jaya City Council. The area was selected due to the
common perception where Kuala Lumpur and its surrounding (in this case Petaling District)
leads the national residential price cycle and the ripple effect might affect similar projects in
greater neighbouring areas as well (Lian and Smyth, 2012).
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The main data source was collected from Jordan Lee and Jaafar (S) Sdn. Bhd., and it consists
of 44,331 terrace house transacted records from November 2008 to February 2016. A total of
1,167 (2.63 per cent) duplicated records and 1,414 (3.19 per cent) records with missing values
or non-rectifiable errors were removed. Hence, the remaining 41,750 were used and grouped
according to the six sub-regions based on the address given where 9,643 cases from Shah
Alam; 9,341 cases from Puchong; 8,741 cases from Petaling Jaya; 7,956 cases from Subang
Jaya; 5,477 cases from Seri Kembangan; and 592 cases from Sungai Buloh. These data were
randomly divided into a 70 per cent training set and 30 per cent testing set. The training set
was used to train the model, and the testing set was used to validate the performance of the
trained models.

The relevant information extracted from source data are transacted house prices, lot
sizes, tenure types (freehold or leasehold), expiry dates of lease terms, terrace types, number
of bedrooms, main building sizes and transaction date. Additional information from Google
Maps such as distance to the nearest shopping mall and distance to the nearest supermarket
were also included based on the property’s address. Table I summarizes the variables used
in this study.

Referring to Table II, out of the 41,750 total transacted houses that was analysed, 25.01
per cent sold at prices between RM150,000 to RM300,000, another 24.81 per cent ranged
from RM300,000 to RM450,000. Transacted house prices from RM450,000 to RM750,000
account for 16.69 and 11.91 per cent. The remaining are either low cost houses below
RM150,000 or luxury houses above RM750,000. For tenure type, 66.33 per cent of the

Figure 1.
Administrative map
of Petaling District
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Table II.
General information

of the transacted
houses

Variables (%) Variables Statistic

Transacted house price (RM’000) Lot size (m2)
Below 150 3.90 Mean 160.93
150-300 25.01 Standard deviation 70.72
300-450 24.81 Median 153.00
450-600 16.69 Minimum 43.48
600-750 11.91 Maximum 3617.00
750-900 8.19
900-1050 3.60 Expiry of leasehold term (years)
1050-1200 1.84 Mean 82.28
1200-1350 1.70 Standard deviation 9.80
At least 1350 2.35 Median 82.78

Minimum 42.09
Tenure type Maximum 102.96
Freehold 66.33
Leasehold 33.67 Building Size (m2)

Mean 134.78
Terrace type Standard deviation 48.14
Single�storey 11.87 Median 131.18
1.5�storey 1.65 Minimum 40.85
Double�storey 81.57 Maximum 571.04
2.5�storey 3.97
3�storey 0.91 Distance to nearest shopping mall (km)
Others 0.04 Mean 3.76

Standard deviation 2.60
Number of bedrooms Median 2.90
1�bedroom 0.01 Minimum 0.014
2�bedrooms 5.40 Maximum 12.3
3�bedrooms 49.86
4�bedrooms 42.24 Distance to nearest supermarket (km)
5�bedrooms 2.25 Mean 2.44
6�bedrooms 0.23 Standard deviation 1.77
7�bedrooms 0.01 Median 1.90

Minimum 0.11
Maximum 9.80

Table I.
Descriptions of
variables used

Variable Description

yi Individual housing price (RM’000)
xi1 Lot size (m2)
xi2 Tenure type (freehold – 0, leasehold – 1)
xi3 Years to expiry of lease term (assuming 200 years for freehold)
xi4 Terrace type (total number of floors, i.e. 1 for single storey, 2 for double storey)
xi5 Number of bedrooms
xi6 Main building size (m2)
xi7 Distance to nearest shopping mall (km)
xi8 Distance to nearest supermarket (km)
xi9 Transaction date (in month)
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transacted houses are freehold and the remaining 33.67 per cent are leasehold. Among the
leasehold terraces, their average expiry of lease term is 82.28 years with a standard
deviation of 9.8. The minimum expiry of lease term is only 42 years while the longest lease
term is around 103 years. For terrace type, the double-storey houses comprise of 81.57
per cent of the total transaction record, while the single-storey houses consists of 11.87 per
cent. Other terrace types are not popular in Petaling district. On the number of bedrooms,
49.86 and 42.24 per cent of the transacted houses have 3- and 4-bedrooms, respectively.

The average lot size of the transacted houses is 160.93m2 with a standard deviation of
70.72. The smallest and the largest lot size being transacted is 43.48m2 and 3617m2,
respectively. When referring to main building size, the average size is 134.78m2 and the
standard deviation is 48.14, while the minimum building size is 40.85m2 and the maximum
building size is 571.04m2. With regard to the nearest distance between the transacted
houses to the amenities, the average nearest distances to shoppingmall and supermarket are
3.76 and 2.44 km, respectively. The minimum distance to shopping mall is only 0.014 km,
while the longest distance is 12.3 km. For supermarket, the minimum and maximum
distance are 0.11 and 9.80 km, respectively.

3.2 The multiple un-replicated linear functional relationship model
In this study, seven models have been developed, where six models were used to study the
terraced housing market for each region, while one model was used to study the overall
performance of terraced housing market in Petaling District. For each model, 70 per cent of
the data were used for training purpose, while the remaining 30 per cent were used for
testing purpose. All values of the independent variables were normalized with the intention
to compare the coefficients of the housing attributes. The housing prices were regressed
against the above-mentioned independent variables using Multiple Un-replicated Linear
Functional Relationship (MPULFR)Model (Choong et al., 2018). It is a special case of MULFR
model developed by Chang et al. (2010).

Suppose that Yi is an unobservable housing price and Xi = (Xi1 Xi2 � � � Xip) are p
unobservable attributes such that:

Yi ¼ aþ b 1Xi1 þ b 2Xi2 þ � � � þ b pXip ¼ aþX ib; i ¼ 1; 2; . . . ; nr (1)

where a is an intercept and b = (b 1 b 2 � � � b p)’ are coefficient of the linear function and nr is
the number of transacted houses in Petaling District or the respective sub-regions.

Consider the two corresponding observed housing prices yi and observed attributes xi =
(xi1 xi2 � � � xip) with errors « i and di= (d i1 d i2 � � � d ip) respectively, such that:

yi ¼ Yi þ « i

xi ¼ X i þ di

)
i ¼ 1; 2; . . . ; n (2)

and both error vectors are assumed to be mutually independent and normally distributed
with the following properties:

� E(« i) = 0 and E(di) = 0
� Cov(« i, « j) = 0 and Cov(di, dj) = 0, V i= j
� Cov(« i, dik) = 0, V i= k, and
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� « i � NID(0, v 11) and d i � NID (0, v 22) where v 11 = t 2, and v 22 = s 2Ip then

x ¼ v 11 x12

x21 x22

� �
where x21 ¼ x

0
12 ¼ 0.

The joint density function (xi1, xi2, . . ., xip, yi) or equivalently, (xi, yi) is:

f xi; yið Þ ¼ 1

2pð Þr=2jxj1=2
exp � 1

2
yi � Yið Þ xi �X ið Þ� �

x�1 yi � Yi

xi �X i½ �0
� �� �� 	

where r = pþ 1, E(xi) = E(Xi þ di) =Xi, and E(yi) = E(Yi þ « i) = Yi. For simplicity, let t 2 =
ls 2, where l is a positive constant then the log-likelihood function is:

L* ¼ �lnK � n
2
ln l � pþ 1ð Þn lns

� 1
2s 2

Xn
i¼1

1
l

yi � a � b0X
0
i


 �2
þ xi �X ið Þ xi �X ið Þ0

� 	

where K = (2p )rn/2, |v| = |v 11 v 22| = ls 2(p þ 1) and b0X
0
i ¼ X ib: Hence, the log-

likelihood function with respect to a, b , Xi ands , and equate them to zero will yield:

â ¼ y � 1
n

Xn

i¼1
X̂ i


 �
b̂ (3)

b̂
0
¼

Xn

i¼1
yiX̂ i � â

Xn

i¼1
X̂ i


 � Xn

i¼1
X̂

0

iX̂ i


 ��1
(4)

X̂ i ¼ lxi þ yi � âð Þb̂
0h i

l I þ b̂b̂
0


 ��1

(5)

ŝ 2 ¼ 1
pþ 1ð Þn

Xn

i¼1
xi � X̂ i

� 
xi � X̂ i

� 0
þ 1
k

yi � â � X̂ i b̂


 �2
� 	

(6)

To estimate â, substitute equations (5) into (3) and get:

â ¼ y � 1
n

Xn
i¼1

lxi þ yi � âð Þb̂
0h i

l I þ b̂b̂
0


 ��1
( )

b̂

âb̂
0
b̂b̂

0

 ��1

l I þ b̂b̂
0


 �
¼ y b̂

0
b̂b̂

0

 ��1

l I þ b̂b̂
0


 �
� 1
n

Xn
i¼1

lxi þ yi � âð Þb̂
0h i

â ¼ y � x b̂ (7)
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To estimate b̂, substitute equation (5) into equation (4) and rearrange will get:

b̂
0Xn
i¼1

lxi þ yi � âð Þb̂
0h i

l I þ b̂b̂
0


 ��1
� �0

lxi þ yi � âð Þb̂
0h i

l I þ b̂b̂
0


 ��1

¼
Xn
i¼1

yi � âð Þ lxi þ yi � âð Þb̂
0h i

l I þ b̂b̂
0


 ��1

l
Xn
i¼1

xib̂
� 2 þ b̂

0
b̂ � l


 �Xn

i¼1
yi � âð Þxi b̂ � b̂

0
b̂
Xn

i¼1
yi � âð Þ2 ¼ 0 (8)

Then, substitute equation (7) into equation (8) and get:

l
Xn
i¼1

xi b̂
� 2 þ b̂

0
b̂ � l


 �Xn
i¼1

yi � yð Þxib̂ � l n x b̂
� 2 � b̂

0
b̂
Xn
i¼1

yi � yð Þ2 ¼ 0

l
Xn
i¼1

Xp
j¼1

xij b̂ j

0
@

1
A

2

þ
Xp
j¼1

b̂
2
j � l

0
@

1
AXn

i¼1

yi � yð Þ
Xp
j¼1

xij b̂ j

2
4

3
5� l n

Xp
j¼1

xj b̂ j

0
@

1
A

2

�
Xp
j¼1

b̂
2
j

Xn
i¼1

yi � yð Þ2 ¼ 0

To solve for b̂ k:

l b̂
2
k

Xn
i¼1

x2ik þ b̂
2
k � l


 �Xn
i¼1

yi � yð Þxik b̂ k � l nb̂
2
kx

2
k � b̂

2
k

Xn
i¼1

yi � yð Þ2 ¼ 0

b̂ k ¼
Syy � l Sxkxk

� þ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Syy � lSxkxk

� 2 þ 4l S2
xky

q
2Sxky

(9)

where Sxkxk ¼
Xn

i¼1
xik � xkð Þ2, Syy ¼

Xn

i¼1
yi � yð Þ2, Sxky ¼

Xn

i¼1
xikyi� nxky, b̂b̂

0

 �

is
a reversible and symmetry p� pmatrix and l is the ratio of the error variances.

Thus, the maximum likelihood estimators are:

â ¼ y � x b̂

b̂ k ¼
Syy � lSxkxk

� þ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Syy � l Sxkxk

� 2 þ 4lS2
xky

q
2Sxky

X̂ i ¼ lxi þ yi � âð Þb̂
0h i

l I þ b̂b̂
0


 ��1

Choong et al. (2018) has showed that â and b̂ are unbiased and consistent estimators, and the
estimation of these parameters is not affected by multicollinearity effect which is resulted
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from the correlation between independent variables. For simplicity, we used l = 1 in this
study. Chang et al. (2010) showed that the estimation of parameters and R2 still perform well
for l # 100.

Coefficient of determination for MpULFRmodel is given as:

R2 ¼ SSR

Syy
¼ 1� SSE

Syy
(10)

where Syy ¼
Xn

i¼1
yi � yð Þ2, and SSE ¼ b̂

0
kI þ b̂b̂

0

 ��1

kI þ b̂b̂
0


 ��1

b̂

�

þl b̂
0
b̂b̂

0
 ��1

kI þ b̂b̂
0
 ��1

b̂

#2
2
4

9=
;Xn

i¼1
yi � â � xib̂
� 2

:

The coefficient of determination measures the total variability of the error variances
explained by the model in term of percentage. The R2 will be used to assess the performance
of MPULFR.

From Choong et al. (2018), it is observed that housing price, yi is used to estimate its
respective unobservable attributes, Xi. However, it is always assumed that the price of a
house is not known upon prediction. In other words, MPULFR model requires a reference
housing price, ~ym when predicting the price of a house. Euclidean distance is used to
determine ~ym:

di ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x1 � xi1ð Þ2 þ x2 � xi2ð Þ2 þ � � � þ xp � xipð Þ2

q
; i ¼ 1; 2; . . . ; n (11)

~ym ¼ 1
h

Xh

j¼1
min
di

yjð Þ (12)

where ~ym is the average of historical housing prices of h houses with the most similar
housing attributes.

4. Results and discussions
In this section, we will first compare the estimated parameters from MpULFR and multiple
linear regression (MR) models. The attributes that significantly contributed to housing price
are identified and some justifications based on the previous studies will be given. The
second part of this section investigates the performance of the models in predicting
the housing price from the testing sample set. All statistical hypotheses were conducted at a
0.05 level of significance.

4.1 Attributes significantly contributed to housing price
A total of seven MpULFR models for Petaling District and its six sub-regions are
constructed. The transacted housing price is correlated with eight housing attributes and a
time factor. The time factor is used to differentiate the transaction time of repeat-sales
houses. All housing attributes were normalized before constructing the models. Table III
shows the estimated parameters for MpULFR and MR models and their performance
measures in Petaling Jaya, Shah Alam, Sungai Buloh, Puchong, Seri Kembangan and
Subang Jaya.
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In Table III, it is shown that the proposed MPULFR model has a better fitting ability in the
training sample set as compared to the MR model. For example, the MSE and R2 generated
from the MPULFR model for Petaling Jaya are 1.84E-07 and close to 1.0, respectively. This is
much better than the MR model where its MSE is 40856.55 and R2 is 0.7171. A similar result
is observed for other sub-regions and the Petaling district.

4.1.1 Petaling jaya. All housing attributes are significant determinants of the housing
prices in Petaling Jaya with p-values smaller than 0.05. Both MpULFR and MRmodels show
that lot sizes and main building sizes have a positive impact on housing prices. Buyers are

Table III.
Estimated
parameters for
MpULFR model and
MR model in six
selected sub-regions

Attributes
Petaling Jaya Shah Alam

MPULFR p-val. MR p-val. MPULFR p-val. MR p-val.

Constant �3201.36 � �417.13 5.45E–13 �13120.67 � �230.78 1.6E–06
Lot size 9264.85 0.0000 1037.80 6.5E–241 24775.06 0.0000 4242.50 0.0000
Tenure type �2094.88 0.0000 143.76 2.08E–03 �1487.71 0.0000 76.28 0.0533
Time to expiry 2621.80 0.0000 340.39 2.2E–08 1829.54 0.0000 235.85 3.02E–06
Terrace type 7739.19 0.0000 435.73 4.2E–38 10727.04 0.0000 �113.90 9.15E–08
Bedrooms no. 8216.49 0.0000 50.76 0.0417 4746.85 0.0000 �69.35 5.51E–06
Building size 6637.34 0.0000 1811.63 2.4E–272 3007.68 0.0000 1395.17 0.0000
Mall distance �9766.77 0.0000 �285.56 1.49E–78 9972.66 0.0000 �174.10 2.84E–66
Supermarket Dis. �14091.05 0.0000 �112.54 3.73E–13 7397.08 0.0000 63.79 2.12E–14
Transaction date 3365.03 0.0000 576.33 0.0000 2675.77 0.0000 373.72 0.0000
Model MSE 1.84E–07 40856.55 1.38E–05 18058.46
R2 0.9999997 0.7171 0.9999998 0.8184

Attributes Sungai Buloh Puchong
MPULFR p-val. MR p-val. MPULFR p-val. MR p-val.

Constant �3249.39 � 98.47 0.4902 �4127.02 � �285.74 4.11E–06
Lot size 3403.91 0.0000 462.04 3.1E–21 7457.99 0.0000 1075.49 0.0000
Tenure type �755.68 0.0000 �64.23 0.5260 �4291.02 0.0000 128.48 9.24E–03
Time to expiry 968.11 0.0000 40.50 0.7417 4892.61 0.0000 282.37 9.57E–06
Terrace type 2292.34 0.0000 �46.05 0.0949 8773.64 0.0000 �80.70 7.18E–04
Bedrooms no. 3629.91 0.0000 0.64 0.9823 4274.03 0.0000 �20.94 0.09039
Building size 1306.05 0.0000 685.58 2.77E–46 4179.32 0.0000 1678.66 0.0000
Mall distance �2916.83 0.0000 �85.04 0.0706 �18731.48 0.0000 �120.26 1.02E–80
Supermarket Dis. 5844.27 0.0000 �113.54 7.91E–03 12261.81 0.0000 �30.05 2.38E–04
Transaction date 4311.73 0.0000 305.90 1.24E–54 2177.06 0.0000 454.05 0.0000
Model MSE 6.82E–08 8819.52 8.06E–08 16206.46
R2 0.9999988 0.8483 0.9999993 0.7721

Attributes Seri Kembangan Subang Jaya
MPULFR p-val. MR p-val. MPULFR p-val. MR p-val.

Constant 23068.01 � �373.75 2.39E–30 �18373.48 � �391.00 0.0406
Lot size 10511.04 0.0000 884.09 2E–140 11579.74 0.0000 1886.40 0.0000
Tenure type 8575.89 0.0000 288.68 3.09E–23 �11245.92 0.0000 110.24 0.5309
Time to expiry �25149.91 0.0000 349.01 9.13E–24 12352.46 0.0000 264.15 0.1664
Terrace type 2434.93 0.0000 �56.49 1.1E–08 18214.99 0.0000 338.86 4.57E–25
Bedrooms no. 3989.68 0.0000 �10.33 0.4253* 9869.07 0.0000 75.43 4.98E–05
Building size 1998.76 0.0000 661.59 0.0000 3610.81 0.0000 1004.98 0.0000
Mall distance �54273.64 0.0000 �26.91 1.66E–04 �14776.55 0.0000 �168.48 3.02E–50
Supermarket Dis. 5545.67 0.0000 62.48 2.77E–25 13421.37 0.0000 94.46 1.52E–13
Transaction date 1020.14 0.0000 311.30 0.0000 1792.68 0.0000 563.98 0.0000
Model MSE 7.34E–04 6542.79 9.14E–05 14913.70
R2 0.999995 0.7260 0.9999996 0.8121
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willing to pay more for a larger lot and main building sizes which is also indicated in the
studies from Pashardes and Savva (2009) and Owusu-ansah (2012). In the study of Ooi et al.
(2014), freehold housings are preferable compared to leasehold housings. This finding is
further supported by the MPULFR model, but the MR model shows a positive relationship
between housing prices and leasehold housings. The contradiction may due to a very high
negative linear correlation (r = �0.9906) between tenure type (x2) and time to expiry (x3)
that contributed to the existence of multicollinearity in MR model with variation inflation
factors (VIF) of 79.21 and 78.31 for the variables x2 and x3 respectively which have seriously
affected the estimation of MRmodel.

MPULFR and MR models show that house buyers prefer a house with a longer length of
the residential lease, and they are willing to pay more to own a house with more bedrooms.
Distance to the nearest amenities such as shopping mall and supermarket have a negative
impact on the housing prices in Petaling Jaya. This can be interpreted as the house buyers in
Petaling Jaya are more willing to invest in the houses that have better accessibility and
convenience. A similar remark was also noted in Kam et al. (2016). However, as Rosiers et al.
(1996) has pointed out, the impact of the distance to nearest amenities on housing prices is
ambiguity where these attributes have contributed either repulsion or attraction effect.

4.1.2 Shah alam. All housing attributes are significant determinants of the housing
prices in Shah Alam except the tenure type (p-value = 0.0533) by the MR model. MpULFR
model produces positive relationships between housing prices and all housing attributes,
except tenure type.

In particular, MpULFR model shows that the distance to the nearest shopping mall and
supermarket have a significant positive relationship with the housing prices in Shah Alam.
This indicates that house buyers in Shah Alam are less likely to spend more money to buy
housings that are near to shopping malls and supermarkets. This phenomenon can be
explained because the earlier development of Shah Alam prior to 2000 is solely based on a
unique identity of a Malay City with no entertainment outlets (City Declaration by Shah
Alam City Council as cited in Wikipedia, 2017a, 2017b). Besides, the repulsion effect of
shopping malls and supermarkets on housing prices in Shah Alam may also due to a not
preferable noise and air pollutions, and traffic congestions (Tse and Love, 2000).

In contrast, the MRmodel shows the distance to the nearest shoppingmall has a negative
impact, while the distance to the supermarket has a positive impact on the housing prices.
The most perplexity outputs from the MR model are the terrace type (number of floors) and
the number of bedrooms, where both show negative relationships with housing prices. This
is contradicted to Babawale and Adewunmi (2011), Owusu-ansah (2012), and Pashardes and
Savva (2009) where they concluded that the number of bedrooms contributes a positive
impact to housing prices.

4.1.3 Sungai Buloh, Puchong and Subang Jaya. The MpULFR model produces the same
results in Sungai Buloh, Puchong and Subang Jaya with all housing attributes
are significant. Most of the attributes have a positive impact on the housing prices except
tenure type and distance to the nearest shopping mall. Unlike Petaling Jaya and Shah Alam,
house buyers in Sungai Buloh, Puchong and Subang Jaya preferred to invest in houses that
are nearer to a shoppingmall, but further to the supermarket. It is believed that supermarket
usually causes serious traffic congestion and insufficient parking spaces to the
neighborhood, while the shoppingmall provides in-house parking lots.

For the MR model, five out of nine housing attributes and the intercept are statistically
not significantly contributed to the housing prices in Sungai Buloh. Four significant housing
attributes are lot size, building size, distance to the nearest supermarket and the transaction
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date. The MR model indicates that distance to the nearest supermarket has a negative
impact on housing prices. This is contradicting with MpULFR findings.

In the Puchong area, the MR model indicates only the number of bedrooms is not a
significant determinant for housing prices. Among the significant determinants, it is
observed that lot size, tenure type, time to expiry, building size and transaction date have a
positive relationship with housing prices; while terrace type, distance to nearest shopping
mall and distance to nearest supermarket have a negative impact.

There are two insignificant determinants in Subang Jaya using the MR model, namely
tenure type (p-value = 0.5309) and time to expiry (p-value = 0.1664). From all the significant
determinants, only distance to the nearest shopping mall is negatively related to housing
prices.

4.1.4 Seri Kembangan. Consistently, the MpULFR model resulted in a significant impact
of all housing attributes for Seri Kembangan. The main different obtained from Seri
Kembangan as compared to other regions is that the tenure type has a positive impact, while
the time to expiry has a negative impact on the housing prices in Seri Kembangan. This
means that the leasehold houses have higher market value than the freehold houses, while
the shorter the lease term, the higher the housing prices in Seri Kembangan. This is
contradicted to the previous studies in different areas where freehold housings are
preferable as compared to leasehold housings (Ooi et al., 2014), and newer houses with
longer lease term are preferable as compared to older houses (Chiang et al., 2015; Clapp and
Giaccotto, 1998; Tse and Love, 2000).

These phenomena are further investigated and could be explained when considering
the geographical locations of the terrace houses in Seri Kembangan as shown in Figure
2. It is observed that leasehold housings are mainly located at areas that nearby
industrial area or business centre (labeled as ‹ and ›) as compared to freehold
housings (labeled as fi). Industrial and business areas are usually seen as attractive
force to the housings market due to more job opportunities in these areas, and hence it
causes the prices of the leasehold housings are higher as compared to freehold
housings.

Similar to Puchong, the MR model shows a negative relationship between the terrace
type and housing prices in Seri Kembangan. The only possible explanation is that residents
in Seri Kembangan preferred single-storey houses as compared to double or higher number
of storey houses. The only insignificant housing attribute using theMRmodel is the number
of bedrooms.

4.1.5 Petaling district. The previous sub-sections identified significant housing attributes
for each region within Petaling District. It is also interested to compare if the housing
attributes changed at the district level. Table IV indicates the estimated parameters for
MpULFR andMRmodel for the whole Petaling District.

When considering a larger residential area, the MpULFR model remains outperformed
than the MR model with much smaller MSE and higher R2. MpULRF is also more consistent
where it produces the same set of significant housing attributes for sub-regions and district
level. In general, house buyers in Petaling District are more likely to spend more in exchange
for housings with a larger lot and building sizes, freehold tenure, newer houses, more floors,
more bedrooms and good accessibility to shoppingmall and supermarket.

On the other hand, the terrace type is not significant under the MRmodel while it reveals
that the housing prices increased if there are a fewer number of bedrooms. Same to Shah
Alam, this observation is contradicted to the previous studies (Babawale and Adewunmi,
2011; Owusu-ansah, 2012; Pashardes and Savva, 2009).
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4.2 Predictions of housing prices
In the previous section, we have seen that the MpULFR model outperformed the MR model
in estimating parameters with higher consistency and accuracy for the training sample. In
this section, we will compare the predictive accuracy of the MpULFR and MR models when
applied to the testing sample. Table V summarizes the performance of housing prices
prediction for Petaling District and its sub-regions.

Figure 2.
Land use of Petaling
District prepared by
Unit DEGIS Pejabat
and Tanah Petaling

(2014) and
geographical position

of housings in Seri
Kembangan

Table IV.
Estimated

parameters for
MpULFR model and
MR model in Petaling

district

Attributes
All-region

MPULFR p-val. MR p-val.

Constant 10660.79 – �363.46 1.85E� 36
Lot size 32433.17 0.0000 4107.73 0.0000
Tenure type �2510.63 0.0000 167.15 3.67E� 14
Time to expiry 3232.74 0.0000 374.33 2.86E� 36
Terrace type 10711.51 0.0000 �16.66 0.2036
Bedrooms no. 9968.89 0.0000 �119.98 1.18E� 29
Building size 5077.58 0.0000 1897.75 0.0000
Mall distance �11291.13 0.0000 �249.59 0.0000
Supermarket Dis. �74566.31 0.0000 �93.11 1.13E� 60
Transaction date 2752.30 0.0000 460.77 0.0000
Model MSE 1.94E� 05 27102.99
R2 0.9999997 0.7268
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In term of prediction ability, the MPULFR model remains outperformed MR model in all
cases. There is a significant reduction in MSE values for those cases with less than 30
per cent difference from actual housing prices (Figure 3). There are 20.71 to 27.12 per cent of
the predicted housing prices using the MPULFR model are very close to the actual housing
prices with only less than 5 per cent of differences. The differences between predicted and
actual housing prices with less than 5 per cent using the MRmodel range from 12.36 to 23.59
per cent.

Similar results obtained when we consider the predicted and actual housing prices are of
10 and 30 per cent differences. In Sungai Buloh, for example the MpULFR model have 79.78
per cent cases with less than 30 per cent difference from actual value, while the MR model
only achieved 66.29 per cent. The highest percentage achieved is in Subang Jaya where 90.53
and 87.01 per cent cases with less than 30 per cent difference from actual housing prices
from theMpULFRmodel andMRmodel, respectively.

The overall performance of the models in the testing sample is given by the MSE.
The MSE values for the MpULFR model are much smaller than the MR model for all
regions. In Petaling District, the MSE are 19034.64 and 27191.46 for MpULFR and MR
models respectively. The overall MSE values in the pair of (MpULFR, MR) for the
respective sub-regions are (13281.47, 21956.83) for Shah Alam, (10753.67, 18665.33)
for Puchong, (28421.70, 38256.35) for Petaling Jaya, (14016.46, 14305.99) for Subang
Jaya, (6027.63, 6847.15) for Seri Kembangan and (18509.61, 20621.78) for Sungai
Buloh.

There is a significant reduction in MSE values for those cases with less than 30 per cent
difference from actual housing prices. In Petaling District, 83.25 per cent of the cases have
less than 30 per cent of the difference between predicted and actual housing prices and its
MSE is 6962.23, which is much lower than the MSE (19034.64) for the entire testing sample.
This means that a sizable portion of MSE, that is 12072.41 in Petaling District is caused by
the remaining 16.75 per cent of the cases. The same situations happened to the sub-regions
for MpULFR andMRmodels.

The h nearest houses showed in Table V are the numbers of houses with the most similar
housing attributes needed to achieve the best predictions by resulting the smallest MSE for
the MPULFR model. In other words, there exists a nearest housing price for every h-similar-

Figure 3.
Percentage
comparisons within 5,
10 and 30%
difference between
actual housing price
and predicted
housing price using
MpULFRModel
(dotted line) andMR
Model (smooth line)
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housing. As Sungai Buloh has the largest value of h = 7, this implies that the housing
market in Sungai Buloh is relatively more volatile as it needs seven similar housings to
achieve best predictions while the other regions need only four or five similar housings.

Besides, the smallest h in Table V indicates the numbers of similar housings required by
the MPULFR model to achieve a better prediction as compared to the MR model. In general,
the MPULFR model needs at least three nearest houses to achieve results that will
outperformMRmodel.

5. Discussion and concluding remarks
This study has applied a newMPULFRmodel to investigate the influence of a set of housing
attributes on the terrace-house prices in Petaling district, Malaysia. The proposed model
able to improve the prediction ability of HPM and provides a good indicator of the volatility
of the housing market after considering the error aspects of the attributes. The housing
attributes that’s not significant under other prediction model such as MR may actually
strong determinants of housing price, reducing errors associated with the estimation
approach. This study had successfully discovered the impact of various housing attributes
to housing price at Petaling Jaya’s different sub-regions and its district level. The findings
confirmed that house buyers in Petaling district have similar preferences on the common
housing attributes. It was also found that there were localized factors that affect the housing
prices such as Islamic concept city that impede entertainment development in Shah Alam
and more strategic location of the leasehold houses in Seri Kembangan. In addition, our
analysis indicated that the housing market in Sungai Buloh is relatively more volatile than
other sub-regions. Despite the encouraging results from the proposed model, it remain a
challenge to generalize the implications nationwide as the study only uses a large actual
housing transaction records that represent a segment of Malaysian urban population.
Future studies might need to aggregate other localized factors before applying the model (in
this case, Islamic concept city in Shah Alam) at other areas. Based on these observations, it
is suggested that policymakers, property developers and investors could consider the
impact of the housing attributes and the volatility of the housing prices in their future
development planning, especially on urban area. On the other hand, the potential house
buyers could use the model to evaluate if a house is overpriced by considering the proposed
housing attributes.
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