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Abstract
We study the choice of dwelling units in a condominium complex, a problem that has not been
thoroughly investigated in the housing research literature. We take a revealed preference
approach to quantify home buyers’ preference toward attributes associated with a dwelling unit.
In particular, we estimate a mixed logit model using the hierarchical Bayes approach based on the
Markov Chain Monte Carlo method. We derive the willingness to pay measures for detailed attri-
butes associated with a dwelling unit including its floor level, orientation, location in the complex,
location on a floor level, and the type of bathrooms. We also find strong evidence for the prefer-
ence heterogeneity among home buyers and conduct regression analysis to explain the prefer-
ence heterogeneity using home buyers’ socioeconomic characteristics. Our results show that
home buyers with older ages and higher annual household income tend to focus more on the
quality of the dwelling units, while first-time home buyers are more willing to accept dwelling
units with less-desirable attributes.
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Introduction

Condominium living is the most common
residential choice for homeowners in China.1

It carries many desirable characteristics, such
as affordable housing, low maintenance
requirements, enhanced security features
and, often times, easy access to restaurants,
malls and other urban amenities. A

condominium complex typically consists of
low-rise and high-rise residential buildings,
which are divided into a collection of private
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dwelling units. Each dwelling unit is owned
by and registered in the name of the purcha-
ser of the unit. Real estate developers price
these dwelling units differently based on the
popularity of their attributes, for example,
size, floor level, orientation, proximity to
street and so on. Currently, real estate devel-
opers in China rely heavily on the experience
of the salespersons to set the prices of dwell-
ing units (Liao, 2011). Hence, they are very
interested in understanding how prospective
homeowners make their choices of dwelling
units within a condominium complex, partic-
ularly how they value the different attributes
associated with these units. Such knowledge
can help real estate developers better differ-
entiate the prices of dwelling units and pro-
vide valuable insights into the design of new
residential complexes in the future. It is also
of interest to real estate developers to quan-
tify and explain the preference heterogeneity,
if any, among home buyers, so that the
developers can better match prospective
home buyers with their preferred dwelling
units in the sales process.

Literature on dwelling unit choice in a
condominium complex is very scarce. In an
effort to ascertain the influence of the Green
Building Certification Scheme on prospec-
tive homeowners, Heinzle et al. (2013) con-
ducted a stated preference survey to study
home buyers’ preferences toward various
attributes of condominium complexes and
the dwelling units inside. The focus was on
determining home buyers’ willingness to pay
(WTP) for properties with the Green
Building Certification. Ishikawa et al. (2011)
examined how individuals read and compre-
hend the floor plan of a condominium unit.
Subjects were asked to classify various types
of floor plans and results were analysed to
identify floor plan attributes that are impor-
tant. There are also a few remotely related
studies investigating the choice of home
types, for example, single-family detached
house, townhouse, apartment and so on.

However, they do not model the detailed
characteristics of the dwelling units. A sam-
pling of this research includes Quigley
(1976), Tu and Goldfinch (1996), Skaburskis
(1999) and Habib and Kockelman (2008).
For a more comprehensive survey on the
residential choice literature in general, inter-
ested readers are referred to Yates and
Mackay (2006), Barrios Garcia and
Rodriguez Hernandez (2007), Hoshino
(2011) and Wu et al. (2013).

To the best of the authors’ knowledge,
this paper is the first of its kind to investigate
the choice of dwelling units within a condo-
minium complex. Studies of residential pre-
ferences generally employ one of two types
of data, that is, stated preference (SP) data
based on respondents’ choice under hypothe-
tical situations; or revealed preference (RP)
data based on actual market behaviour.
Their respective strengths and limitations are
thoroughly discussed in Train (2003). In this
research, we take a RP approach and use
actual sales data from a real estate developer
in Beijing to analyse dwelling unit choice.
The data were collected in the second quar-
ter of 2012 and contain detailed information
about the dwelling units sold as well as the
socioeconomic characteristics of the home
buyers.

We first estimate a multinomial logit
model, which is a widely used discrete choice
model in the housing research literature and
use it as the base model for comparison. The
attributes we examine include location of the
dwelling unit in the complex (whether it is in
the centre of the complex or adjacent to city
streets), location of the dwelling unit in the
residential building (its floor level and loca-
tion on the floor), orientation, characteristics
of bathrooms, size of bay windows, size of
the unit, purchase price and so on. We then
estimate a mixed logit model that allows us
to assess the heterogeneity among home buy-
ers. The model is estimated using a hierarchi-
cal Bayes approach based on the Markov
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Chain Monte Carlo (MCMC) method.
Results from the mixed logit model reveal
strong evidence for the behavioural hetero-
geneity among home buyers. Besides inter-
preting the results for the mixed logit model
through the conventional ‘random coeffi-
cients’ perspective, we also take the ‘error
components’ approach (Train, 2003) to ana-
lyse the substitution or correlation patterns
among dwelling units. We show that com-
plex correlations exist among dwelling units
and the mixed logit model is more appropri-
ate in this problem context.

Based on the the WTP estimates pro-
duced by the mixed logit model, we derive
the price adjustments real estate developers
make for dwelling units with different attri-
butes and characterise the ideal dwelling unit
in Chinese home buyers’ minds. We also
identify factors that influence home buyers’
choice and discover that the floor level and
orientation are the top two factors affecting
dwelling unit choice, followed by the loca-
tion in the complex, the location on a floor
level and, finally, the types of bathrooms in
the dwelling unit.

To uncover the socioeconomic causes for
the preference heterogeneity among home
buyers, we estimate each individual’s WTP
conditional upon his or her observed choice.
We then conduct regression analysis to iden-
tify the correlation between home buyers’
WTP estimates and their socioeconomic
characteristics. We find a reasonable rela-
tionship between the WTP estimates and the
explanatory variables. For example, the
regression results suggest that home buyers
with older ages and higher annual household
income focus more on the quality of the
dwelling units, that is, they prefer dwelling
units located on good floor levels and whose
orientation is north- and south-facing. It is
also found that first-time home buyers are
more willing to accept dwelling units with
less-desirable attributes. These results can
assist real estate developers in tailoring their

offerings to different customer segments to
improve customer satisfaction as well as
their profitability.

Methodology

This paper investigates dwelling unit choice
in a condominium complex. To address this
discrete choice problem, we use the multino-
mial and mixed logit models (Ben-Akiva and
Lerman, 1985; Train, 2003). The multino-
mial logit model is a widely used discrete
choice model in the housing choice litera-
ture, while the mixed logit model is well sui-
ted to discover behavioural heterogeneity
among decision makers.

From the discrete choice perspective, home
buyers are assumed to attain some level of
utility when purchasing a dwelling unit in the
condominium complex. Specifically, for home
buyer n n= 1, 2, � � � ,Nð Þ, let Cn be the set of
dwelling units available to him or her, that is,
the set of unsold dwelling units in the condo-
minium complex before the home buyer
finally purchases. Let yin take value 1 if home
buyer n chooses dwelling unit i 2 Cn; and 0,
otherwise. Define yn =(y1n, y2n, � � � , yjCnjn),
where jCnj is the cardinality of set Cn. For
dwelling unit i 2 Cn, its utility function for
home buyer n can be written as:

Uin =b0nxin + 2in , ð1Þ

where xin is a vector of observed attributes
related to dwelling unit i for home buyer n,
bn is the coefficient vector of these variables
for this buyer, and 2in is a random term, rep-
resenting the unobserved utility component.
Let k be the length of vector bn. The prob-
ability for home buyer n to choose dwelling
unit i is then defined as:

Pn(ijCn)=P(Uin � Ujnjj 6¼ i, j 2 Cn): ð2Þ

Depending on the assumptions on the distri-
butions of bn and 2in, we can obtain various
discrete choice models.
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The multinomial logit model

The multinomial logit model is a widely
applied discrete choice model in the housing
choice literature because of its simplicity in
estimation, its closed form specification and
its robustness to the very strong Independent
from Irrelevant Alternatives (IIA) assump-
tion imposed on the error terms.

If we assume that the coefficient vector bn

is constant across home buyers (that is,
bn =b, 8n) and 2in is independently identi-
cally Gumbel distributed across home buyers
and alternatives, we obtain the multinomial
logit model. The probability that home
buyer n chooses dwelling unit i is:

Pn(ijCn)=
exp(b0xin)P

j2Cn
exp(b0xjn)

: ð3Þ

The coefficient vector b is estimated by
maximising the likelihood function based on
all individuals in the sample, that is,
L(b)=PN

n= 1L(yn), where L(yn) is the prob-
ability of home buyer n’s observed choices
and can be expressed as:

L(yn)=
Y
i2Cn

exp(b0xin)P
j2Cn

exp(b0xjn)

 !yin

: ð4Þ

The mixed logit model

The mixed logit model relaxes the assump-
tion that bn is constant across home buyers
and allows us to assess the heterogeneity
among home buyers as well as the correla-
tion among dwelling units (Train, 2003). In
the mixed logit model, bn is assumed to vary
over individuals to capture their taste varia-
tions. That is, bn is decomposed into mean b
and deviation zn. Often times zn is assumed
to conform to a multivariate normal distri-
bution N (0,W) where W is the variance-
covariance matrix. The density function of
bn can therefore be written as f(bnjb,W).

The probability that home buyer n chooses
alternative i, conditional on bn, is:

Pn(ijbn,Cn)=
exp(b0nxin)P

j2Cn
exp(b0nxjn)

: ð5Þ

The probability of home buyer n’s observed
choices, conditional on bn is:

L(ynjbn)=
Y
i2Cn

exp(b0nxin)P
j2Cn

exp(b0nxjn)

 !yin

: ð6Þ

The unconditional probability is therefore
the integral of L(ynjbn) over bn:

L(ynjb,W)=

ð
L(ynjbn)f(bnjb,W)dbn ð7Þ

and the final likelihood function is:

L(b,W)=PN
n= 1L(ynjb,W): ð8Þ

Parameters b and W can be estimated using
the hierarchical Bayes approach based on
the MCMC method, which offers two
advantages over the maximum simulated
likelihood approach: (1) it does not attempt
to maximise the likelihood function, which
can be very challenging numerically and
convergence can be hard to achieve; and (2)
desirable estimation properties, such as con-
sistency and efficiency, can be obtained
under more relaxed conditions (Train,
2003). Let k(b,W) be the prior density func-
tion for b and W, and Y be the vector
(y1, y2, � � � , yN ), then the posterior distribu-
tion of b and W is:

K(b,WjY)}
YN

n= 1

L(ynjb,W)k(b,W): ð9Þ

It is customary to assume that b and W are
independent, the prior on b is normal with
an unboundedly large variance, and the
prior on W is inverted Wishart with k

degrees of freedom and scale matrix I, which
is an identity matrix with rank k. To improve
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computational efficiency, the hierarchical
Bayes approach treats each bn as a para-
meter (that is, a random variable) along with
b and W, and the corresponding posterior
for b,W, and bn8n is then given by:

K(b,W,bn8njY)}YN
n= 1

L(ynjbn)f(bnjb,W)k(b,W):
ð10Þ

In the hierarchical Bayes approach, drawing
from K(b,W,bn8njY) can be efficiently
achieved by the Gibbs sampler, which is
detailed in Train (2003). Essentially, the
method starts with any initial values b0, W0

and b0
n 8n. The r-th iteration (r � 1) consists

of the following steps:

1. Draw br from the normal distribution
N (b

r�1
,Wr�1), where b

r�1
= 1

N

PN
n= 1

br�1
n ;

2. Draw Wr from the inverted Wishart dis-
tribution IW (k+N , (kI+NSr�1)=
(k+N )), where Sr�1 = 1

N

PN
n= 1

(br�1
n � br)(br�1

n � br)0;
3. For each n 2 f1, 2, � � � ,Ng, draw br

n

from its posterior conditional on yn,

br�1, and Wr�1, that is, from K(bnjyn,

br�1,Wr�1)} L(ynjbn) f (bnjbr�1,Wr�1),
which is achieved by applying the
Metropolis-Hasting algorithm.

The above steps are repeated for many itera-
tions and the resulting values converge to
draws from the joint posterior of b, W and
bn8n. Consequently, the mean and standard
deviation of the converged draws can be cal-
culated to obtain estimates and standard
errors of the parameters.

Willingness to pay analysis

One of the key outputs of a discrete choice
model is the WTP measurement for various
attributes of the alternatives. An advantage

of the mixed logit model is that it enables us
to estimate each individual’s WTP for these
attributes. Once we obtain the individual
specific WTP estimates, we can conduct
regression analysis to infer the socioeco-
nomic sources that cause such differences
across individuals. This type of two-step
analysis, that is, a mixed logit model fol-
lowed by a regression analysis, was first pro-
posed by Campbell (2007) to estimate the
economic benefits associated with rural
landscape improvement. Recently, Hoshino
(2011) applied this method to analyse prefer-
ence heterogeneity in a residential choice
problem.

Recall that when estimating the mixed
logit model through the hierarchical Bayes
method, each individual’s bn is treated as a
random variable along with b and W. Based
on the joint posterior for b, W, and bn8n
defined in equationð10Þ, we can obtain the
posterior distribution of bn by integrating
out variables b, W, b1, b2, � � �, bn�1, bn+ 1,
� � �, bN in the joint posterior:

h(bnjY)=
ð ð
� � �
ð

K(b,W,bn8njY) db dW

db1 db2 � � � dbn�1 dbn+ 1 � � � dbN :

ð11Þ

As a result, the mean bn for individual n in
the sampled population can be written as:

bn =E bnjY½ �=
ð

bnh(bnjY) d bn

=

ð ð
� � �
ð

bnK(b,W,bn8njY) db dW

db1 db2 � � � dbN

ð12Þ

The last equality in equationð12Þ is obtained
by plugging in the result for h(bnjY) from
equationð11Þ. The above multi-dimensional
integral does not have a closed form and is
calculated by simulation. Note that in the
hierarchical Bayes approach, we have
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already obtained the draws for b, W, and
bn8n from their joint posterior defined in
equationð10Þ. Let R be the number of draws
after the burn-in period, and br

n be the
sampled value in the r-th draw, we have:

bn =
1

R

XR

r= 1

br
n: ð13Þ

Let bns be the coefficient for attribute s in
vector bn, then home buyer n’s WTP for
attribute s is given by:

WTPns = �
�bns

bp

, ð14Þ

where bp is the price coefficient. To explain
the variability in WTPns, we assume that
individual n’s WTP for attribute s can be
expressed as:

WTPns =as +g0szns +vns, ð15Þ

where as is the intercept term, which is con-
stant for all individuals; zns is a vector of
individual n’s socioeconomic characteristics
related to attribute s, and gs is the corre-
sponding coefficient vector; and vns is the
unobserved random term which models the
effect of omitted variables. The estimates for
the coefficient vector gs can then help us
uncover the determinants for the preference
heterogeneity toward attribute s.

Data description

The data used in this research come from a
condominium complex in the city of Beijing.
The complex comprises ten residential build-
ings and covers a total area of around
46,200 m2, as illustrated in Figure 1. The
complex is surrounded by a river on the east,
a minor street on the south, and two major
streets on the west and the north, respec-
tively. Buildings are identified by the num-
bers in the figure. Buildings 1, 4 and 8 are
34-storey buildings; Buildings 2, 3, 5, 7, 9

and 10 are 18-storey buildings; and Building
6 is a 16-storey building. Given a residential
building, the number of dwelling units on
each floor can also be identified. For exam-
ple, there are eight dwelling units on each
floor of Building 6, each of which corre-
sponds to a dark gray shape in the figure.
Altogether there are 1092 dwelling units in
the condominium complex. Our data con-
tain 818 units sold in the second quarter of
2012. The sales data clearly record the date
and time each unit is sold and the detailed
information of each dwelling unit, including
its location, floor level, floor plan, size, price
and so on. Note that if there was a change
to the price of a dwelling unit, it is also
documented in our data. In addition, for
each dwelling unit sold, we know the corre-
sponding home buyer’s age, gender and
other socioeconomic characteristics.

Based on discussions with experts in the
real estate sector and potential home buyers,
we came up with an initial set of variables to
use in our models. Through exploration and
testing of the multinomial logit model, the
final set of variables are determined and
summarised in Table 1. There are eight

Figure 1. The layout of the condominium
complex.
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groups of explanatory variables, where the
first seven groups describe a dwelling unit
and the last group is related to the socioeco-
nomic characteristics of the home buyers.

The first group of variables deals with the
location of the dwelling unit in the residen-
tial complex. Dwelling units adjacent to city
streets may suffer from excessive noise com-
pared with those located in the centre of the
complex. To capture home buyers’ prefer-
ences, we classify the locations of the dwell-
ing units into three categories: in the centre
of the complex (Buildings 3, 4, 5 and 7),
adjacent to major streets (Buildings 1, 2 and

6), or adjacent to minor streets (Buildings 8,
9 and 10). In this table we also indicate the
variables used as the base during model
estimation.

The second group of variables quantifies
home buyers’ preferences toward floor levels
in a building. In general, home buyers in
China dislike living on the first floor or
lower floors because of safety concerns, pri-
vacy issues and lack of daylight. For exam-
ple, residents on the first floor need to install
burglar-proof windows and lower their cur-
tains most of the day to prevent passers-by
from seeing further into the rooms. In

Table 1. Description of variables used in the models.

Variable Description

Location of the dwelling unit in the complex
BLD_CTR Binary: 1 = the dwelling unit is in a building in the centre of the complex
BLD_MJR (base) Binary: 1 = the dwelling unit is in a building adjacent to major streets
BLD_MNR Binary: 1 = the dwelling unit is in a building adjacent to minor streets
Floor level of the dwelling unit in a building
FLR_1 Binary: 1 = the dwelling unit is on the first floor
FLR_2 Binary: 1 = the dwelling unit is on the second floor
FLR_3 Binary: 1 = the dwelling unit is on the third floor
FLR_4_5 Binary: 1 = the dwelling unit is on the fourth or the fifth floors
FLR_6_10 (base) Binary: 1 = the dwelling unit is located between the sixth and the tenth floors
FLR_11_SH Binary: 1 = the dwelling unit is located between the eleventh and the

second highest floor
FLR_H Binary: 1 = the dwelling unit is located on the highest floor
Location of the dwelling unit on a floor
UL_END Binary: 1 = the dwelling unit is located at the end of the floor
Orientation of the dwelling unit
ORNT_SN (base) Binary: 1 = the orientation of the dwelling unit is south- and north-facing
ORNT_S Binary: 1 = the orientation of the dwelling unit is south-facing
ORNT_EW Binary: 1 = the orientation of the dwelling unit is east- and west-facing
Bathroom
BATH_MW Binary: 1 = both bathrooms in the dwelling unit are MingWei bathrooms
Bay window
BAYWND The sum of the widths of bay windows in the dwelling unit, measured in metres
Size and price
SIZE The total size of the dwelling unit, measured in square metres
PRICE The purchase price of the dwelling unit, measured in 10,000 CNY
Socioeconomic characteristics of the home buyer
AGE The home buyer’s age
GNDR Binary: 1 = the individual is male
INC The home buyer’s annual household income in 10,000 CNY
FTHB Binary: 1 = the individual is a first-time home buyer
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addition, residents on lower floors often need
to worry about the overflow of waste water
in their bathrooms when the sewerage system
for the building is choked. Dwelling units on
mid or higher floor levels are much preferred
by Chinese home buyers, because they can
get more daylight and these floors offer nicer
views out of the windows. However, when
we go to dwelling units on the highest floor,
there does not seem to be a consensus. On
one hand, dwelling units on the top floor
provide homeowners with a best-in-the-
building view and they are in general consid-
ered as the quietest place because one is
spared the sounds of children and pets run-
ning around upstairs, or early risers stum-
bling from their beds at 5 o’clock in the
morning. On the other hand, these dwelling
units can get very hot in the summer and the
electric bill may be high. Moreover, roof
wear and tear can also create leak problems,
which can become a big headache. In this
research, several different specifications for
the floor level variable are examined and
compared (for example, linear, piecewise lin-
ear, log linear and step functions), and the
step function specified in this table provides
the best fit.

The third group of variables measures
home buyers’ preferences toward dwelling
units on the same floor. Units at the end of
each floor are in general not preferred
because a higher percentage of the exterior
walls of these units is exposed to outside
environment, often causing higher energy
consumption. For example, units at the east
end of the floor get full morning sun, while
units at the west end get full afternoon sun.
Binary variable UL_END is introduced to
indicate whether a unit is at the end of its
floor. Take Building 6 in Figure 1 as an
example. There are two dwelling units at the
end of each floor: one on the east end and
the other on the west end.

The fourth group of variables describes
the floor plan of a dwelling unit. An

important attribute related to a floor plan is
its orientation. Good orientation improves
the energy efficiency of a home, making it
more comfortable to live in and cheaper to
run. The orientation of a dwelling unit is
determined primarily by the facing of its
exterior windows. There are three common
types of orientations for dwelling units in
China: south- and north-facing, east- and
west-facing, and south-facing. When at least
one exterior window faces the south and the
north, respectively, this dwelling unit is clas-
sified as south- and north-facing, which is
indicated by variable ORNT_SN. The orien-
tation of the dwelling unit shown in Figure
2(a) is south- and north-facing. This is the
most popular orientation among Chinese
home buyers because it has good exposure
and the best natural ventilation. In the win-
ter days when the sun is low, the windows
on the south side allow natural light to bathe
the rooms throughout the day; while in the
summer days when the sun is high, only lim-
ited sunlight could pass through the south-
ern windows, which helps to keep the rooms
cool. When at least one exterior window
faces the east and the west, respectively, this
dwelling unit is defined as east- and west-
facing, which is indicated by variable
ORNT_EW. Figure 2(b) shows the floor
plan of a dwelling unit whose orientation is
east- and west-facing. Although this type of
floor plan still can offer proper natural ven-
tilation, the major drawback is that rooms
having west-facing windows can get very hot
in the summer because of the extended expo-
sure to sunlight in the afternoon. When most
of the exterior windows face the south, this
unit is classified as south-facing, which is
indicated by variable ORNT_S. The major
concern with this type of orientation is venti-
lation. Since most of the exterior windows
face the south, there is no passage to allow
cool breezes to get through the rooms. All
three types of orientation are found in this
condominium complex.
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The next group of variables describes an
important characteristic of bathrooms in the
dwelling unit. A dwelling unit in China typi-
cally has a guest bathroom accessible from
the living room (or the dining room) and an
ensuite bathroom attached to the master
bedroom. Depending on whether it has an
exterior window or not, a bathroom is

classified into two types, where MingWei
bathrooms are those with exterior windows
and AnWei bathrooms are those with no
exterior windows. For the dwelling unit
shown in Figure 2(b), Bathroom 1 is a
MingWei bathroom while Bathroom 2 is an
AnWei bathroom. Since MingWei bath-
rooms offer better ventilation and more

Table 2. Parameter estimates for the multinomial logit and mixed logit models.

Multinomial logit Mixed logit

Coefficient SE Parameter SE

(1) BLD_CTR 3.9758z 0.1663 Mean of coefficient 7.5300z 0.4295
(2) – – Std. dev. of coefficient 2.5051z 0.5408
(3) BLD_MNR 1.0430z 0.0981 Mean of coefficient 1.4297z 0.2049
(4) – – Std. dev. of coefficient 3.0270z 0.4768
(5) FLR_1 240.1278y 18.2524 Mean of coefficient 248.1156z 1.5052
(6) – – Std. dev. of coefficient 9.0330z 1.9080
(7) FLR_2 227.1530y 12.1833 Mean of coefficient 230.2771z 0.8542
(8) – – Std. dev. of coefficient 6.6485z 1.2175
(9) FLR_3 219.5892y 9.1432 Mean of coefficient 221.3956z 0.9489
(10) – – Std. dev. of coefficient 6.5600z 1.3421
(11) FLR_4_5 212.9468y 6.113 Mean of coefficient 213.9328z 0.6736
(12) – – Std. dev. of coefficient 6.4627z 1.4136
(13) FLR_11_SH 6.8563y 3.0259 Mean of coefficient 8.5487z 0.5221
(14) – – Std. dev. of coefficient 3.2611z 0.8027
(15) FLR_H 20.8630z 0.179 Mean of coefficient 28.2632z 1.6121
(16) – – Std. dev. of coefficient 11.0139z 2.0317
(17) UL_END 20.9451z 0.1551 Mean of coefficient 24.1848z 0.4597
(18) – – Std. dev. of coefficient 4.1489z 0.5730
(19) ORNT_S 212.3321y 5.7281 Mean of coefficient 213.1265z 0.6991
(20) – – Std. dev. of coefficient 3.2699z 0.4902
(21) ORNT_EW 227.4623y 12.1847 Mean of coefficient 228.8199z 0.3052
(22) – – Std. dev. of coefficient 2.9164z 0.4408
(23) BATH_MW 1.1013z 0.1381 Mean of coefficient 0.9504z 0.2905
(24) – – Std. dev. of coefficient 2.6811z 0.5733
(25) BAYWND 0.6038z 0.0429 Mean of coefficient 1.1982z 0.0880
(26) – – Std. dev. of coefficient 1.0759z 0.1067
(27) SIZE 10.1032y 4.9639 Mean of coefficient 10.1944z 0.0302
(28) – – Std. dev. of coefficient 0.2036z 0.0195
(29) PRICE 23.0926y 1.5294 Coefficient 23.0679z 0.0165

No. of observations 818 818
Loglikelihood null 25284 25284
Loglikelihood
at convergence

24329 24184

r2 0.181 0.208
�r2 0.178 0.203

Notes: �: p-value \0:10, y : p-value \0:05, z: p-value \0:01.
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daylight, they are very appealing to home
buyers in China. Unfortunately, because
dwelling units on the same floor are
arranged side by side, real estate developers
often times cannot accommodate two
MingWei bathrooms in a dwelling unit,
instead they make one of them an AnWei
bathroom. It is very rare to have two AnWei
bathrooms in a dwelling unit. We introduce
dummy variable BATH_MW which takes
value 1 if both bathrooms are MingWei
bathrooms; and 0 otherwise. The two bath-
rooms in the dwelling unit shown in
Figure 2(a) are both MingWei bathrooms.

Bay windows project outward from the
exterior walls of the dwelling unit. They
offer panoramic views, bring in more natural
light, provide good ventilation and give a
feeling of spaciousness to a room. All of
these factors make bay windows highly
attractive to home buyers in China. In
Figure 2(b), there are three rooms with bay
windows. We introduce variable BAYWND
to measure the sum of the widths of all bay
windows in a dwelling unit. Presumably, the
larger the value of BAYWND, the more pre-
ferred the dwelling unit when all else are
equal.

The seventh group of variables includes
the size of the dwelling unit measured in
square metres and the purchase price for the
unit measured in 10,000 Chinese Yuan. For
the reader’s reference, the exchange rate
between US Dollar (USD) and Chinese
Yuan (CNY) is approximately 1 USD = 6.3
CNY in the second quarter of 2012.

The last group of variables corresponds
to the socioeconomic characteristics of the
home buyer: age, gender, annual household
income and whether he or she is a first-time
home buyer.

Empirical results

The estimation of the multinomial logit
model is straightforward. For the mixed

logit model, all parameters are assumed to
be random except the parameter for variable
PRICE. This treatment is recommended by
Train (2003) and Hoshino (2011) to avoid
numerical difficulty when calculating the
WTP measures. While estimating the mixed
logit model, we perform 50,000 iterations in
the MCMC process, of which the first
25,000 iterations are for the burn-in period.
Afterwards, we retain every fifth draw to
obtain a total of 5000 draws from the pos-
terior density function.

Parameter estimates

The parameter estimates for both the multi-
nomial logit and mixed logit models are
reported in Table 2. We can find that all
positive/negative signs of the estimated coef-
ficients in the multinomial logit model are
consistent with expectation. And all of them
are significantly different from zero. The
parameter estimates show that home buyers
prefer residential buildings located in the
centre of the complex than those located
next to streets. Speaking of floor levels,
dwelling units on the first floor are least pre-
ferred. Homeowners favour dwelling units
on higher floor levels and this trend contin-
ues until we reach the second highest floor.
Units located at the end of each floor are
not as good as those located in the middle of
each floor, which is suggested by the nega-
tive sign for UL_END. Homeowners pay a
lot of attention to orientation, they prefer
units that are south- and north-facing, fol-
lowed by those that are south-facing, and
finally those that are east- and west-facing.
Homeowners also prefer units having two
MingWei bathrooms and bigger bay
windows.

Similar results are observed for para-
meters in the mixed logit model. In addition,
the estimated standard deviations of coeffi-
cients in the mixed logit model are highly
significant, indicating the presence of
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substantial preference heterogeneity in
dwelling unit choice behaviour. The value of
the log-likelihood is much greater in the
mixed logit model than that in the multino-
mial logit model. The log-likelihood ratio
test statistic is 290, which is greater than the
critical value of the chi-square distribution
for 14 degrees of freedom, that is, 29.141 at
the 0.01 level of significance.

When we compare the parameter esti-
mates in the multinomial logit model to the
estimated mean values of the parameters in
the mixed logit model on rows (1), (3), (5),
� � �, and (29), we notice that the estimated
mean values of the parameters in the mixed
logit model are generally larger in magnitude
than those in the multinomial logit model.
This phenomenon is expected because the
scale of utility is determined by the normali-
sation of the i.i.d. term ein. In the multino-
mial logit model, all stochastic terms not
accounted for by the deterministic part is
absorbed by this single error term. However,
in the mixed logit model, a portion of the
variance in the random component of utility
is captured in zn. Hence, the variance of ein

in the multinomial logit model is greater
than that in the mixed logit model, that is,
the scale of ein in the multinomial logit
model is smaller than that in the mixed logit
model. Since we normalise the scale of ein to
one in both models, the utility (and hence
the parameters) of the multinomial logit
model are scaled down relative to the mixed
logit model.

The mixed logit model also allows us to
calculate the probability when the coefficient
for an attribute is positive (or negative)
because the density function for the coeffi-
cient vector bn, f(b,W), is now known. For
example, the probability when the coefficient
for BLD_CTR is positive can be calculated
as Pr(bBLD CTR.0) = 0.9987, suggesting
almost all home buyers prefer to live in the
centre of the complex than near major
streets. We are particularly interested in the

coefficient for FLR_H because it is widely
accepted by real estate developers in China
that home buyers do not like dwelling units
on top floors and discounts should be
offered (Liao, 2011). The mean of bFLR H is
indeed negative, however, the probability
when bFLR H .0 is Pr(bFLR H .0) = 0.2265,
indicating that there are about one-quarter
of home buyers who prefer to live on the
highest floor than on the sixth to the tenth
floors, which is the base level for floor vari-
ables. To get a better understanding on
home buyers’ preference toward floor
levels, we can also calculate the following
probabilities: Pr(bFLR 1\0) = 1.0000,
Pr(bFLR 2\0)= 1.0000, Pr(bFLR 3\0) =
0.9994, Pr(bFLR 4 5\0) = 0.9845, and
Pr(bFLR 11 SH.0)= 0.9956. Since these
probabilities are all very close to 1.0000, we
can draw the following conclusion:

FINDING 1 Although home buyers have
unanimous agreement on the preference for
floor levels below the top floor, there are sig-
nificantly different opinions on living on the
top floor. Unlike the widely accepted belief
that home buyers dislike dwelling units on the
top floor, we find that a fair portion of home
buyers, that is, about one-quarter of them,
prefer to stay on the top floor.

Substitution patterns

The multinomial logit model assumes that
alternatives are independent of each other,
which leads to equal cross elasticity among
alternatives. That is, when a new alternative
is introduced to a set of existing alternatives,
the new alternative will draw proportio-
nately from all existing ones. The mixed
logit model, however, allows us to model
complex substitution patterns (or correla-
tions) among alternatives. In the mixed logit
model, following our previous notation,
coefficient bn is decomposed into mean b

and deviation zn. We can re-write the utility
function as:
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Uin =(b0+ z0n)xin + 2in

= b0xin +(z0nxin + 2in ),
ð16Þ

where b0xin is the deterministic part of the
total utility and z0nxin + 2in is the random
part of the total utility. z0nxin + 2in intro-
duces correlation among alternatives:

Cov(Uin,Ujn)=Cov(z0nxin

+2in , z0nxjn+2jn)

= x0inWxjn:

ð17Þ

This interpretation of the mixed logit model
allows us to examine the correlation or sub-
stitution patterns among the alternatives. In
Table 2, rows (1), (3), � � � , (29) are the mean
values of the parameters, that is, vector b
and rows (2), (4), � � �, (28) are the estimated
variances associated with zn.

Let xk
in be the k-th element in xin and the

corresponding coefficient is bk
n = bk + zk

n. If
xk

in is a dummy variable, it suggests that
alternatives having the same value for xk

in are
correlated and they are substitutable for
each other to a certain extent. This can be
illustrated through the three examples shown
in Table 3. In Case 1, a dwelling unit located
in the centre of the complex (Unit 3) is intro-
duced to a base situation consisting of Unit
1 located in the centre of the complex and
Unit 2 located near the minor street, and all
the other attributes are the same across the
three units. We know that the substitution

effect between Units 3 and 1 is stronger
than that between Units 3 and 2, because
Cov (Uunit 1 , Uunit 3 ) 2 Cov (Uunit 2 ,
Uunit 3 ) = var(zBLD CTR) =2:50512 .0.
Similarly, in Case 2, a dwelling unit on the
first floor (Unit 3) is introduced to a base
situation consisting of dwelling units on the
second and first floors, respectively (Units
1 and 2), and all the other attributes are the
same across the three units. We know that
the substitution effect between Unit 3
and Unit 2 is stronger than that between
Unit 3 and Unit 1. This is because Cov
(Uunit 1;Uunit 3Þ�Cov ðUunit 2; Uunit 3Þ ¼ �var
zFLR 1Þ ¼ �9:03302\ 0.

Case 3 shows a more complex situation:
Unit 3 on the first floor of a residential
building located in the centre of the complex
is introduced to a base scenario consisting of
Unit 1 on the second floor of a residential
building located in the centre of the complex
and Unit 2 on the first floor of a residential
building located near the minor street, and
all the other attributes are the same across
the three units. We know that the substitu-
tion effect between Unit 3 and Unit 2 is
stronger than that between Unit 3 and
Unit 1, because Cov (Uunit 1 , Uunit 3 ) � Cov
(Uunit 2 , Uunit 3 ) = var(zBLD CTR) 2 var(zFLR1

)
= 2:50512 � 9:03302\ 0.

Since the estimated variances associated
with zn in Table 2 are all significant and they
are roughly in the same order of magnitude,

Table 3. Examples that illustrate the complex substitution patterns among dwelling units.

Case Attribute Base New

Unit 1 Unit 2 Unit 3

1 BLD_CTR 1 0 1
BLD_MNR 0 1 0

2 FLR_1 0 1 1
FLR_2 1 0 0

3 BLD_CTR 1 0 1
BLD_MNR 0 1 0
FLR_1 0 1 1
FLR_2 1 0 0
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it clearly indicates that complex correlation
exists among dwelling units along multiple
dimensions, including location in the com-
plex, floor levels, location on the floor,
orientation and so on. Hence, the mixed
logit model is more appropriate for the mod-
elling of the dwelling unit choice problem.

Willingness to pay analysis

The WTP estimates based on the mixed logit
model are summarised in Table 4. Column 1
shows the names of the attributes. Column 2
shows the absolute WTP estimates measured
in CNY. Column 3 shows the relative WTP
estimates, which is expressed as percentages
of the average unit price. That is, Column 3
is obtained by dividing Column 2 by the
average unit price in this residential complex.
Columns 4 and 5 show the standard devia-
tions of WTP estimates in both absolute and
relative terms. The WTP for FLR_1 is nega-
tive and its absolute value is the largest
among all attributes, indicating that home
buyers have strong objections to living on
the first floor. They have to be compensated

by 156,864 CNY if they are asked to move
from a unit on the sixth floor (the base level
for floor variables) to the first floor, which is
about 3.545% of the average price of the
dwelling units. Besides floor levels, home
buyers place heavy weight on the orientation
of a dwelling unit. For example, compared
with a dwelling unit whose orientation is
south- and north-facing, the price of a dwell-
ing unit whose orientation is east- and west-
facing needs to be about 93,941 CNY (or,
2.123% of the average unit price) lower.
Since preferable attributes have greater WTP
estimates, by examining the mean values of
the WTP estimates (that is, Columns 2 and 3
in Table 4), we can characterise what an
ideal dwelling unit looks like.

FINDING 2 In Chinese home buyers’
minds, an ideal dwelling unit meets the follow-
ing criteria: (1) located on or above the ele-
venth floor but below the highest floor; (2)
south- and north-facing; (3) away from
streets; (4) not at either end of the floor level;
and (5) both bathrooms are MingWei.

More importantly, the WTP estimates
reported in Table 4 can be used as guidelines

Table 4. WTP estimates under the mixed logit model. Absolute WTP estimates are reported in CNY,
while relative WTP estimates are measured as percentages of the average unit price.

Attribute Mean of WTP Standard deviation of WTP

Absolute value (CNY) Relative pct Absolute value (CNY) Relative pct

(1) BLD_CTR 24,546 0.555% 4388 0.099%
(2) BLD_MNR 4669 0.106% 6598 0.149%
(3) FLR_1 2156,864 23.545% 21,301 0.481%
(4) FLR_2 298,707 22.231% 15,768 0.356%
(5) FLR_3 269,751 21.576% 15,763 0.356%
(6) FLR_4_5 245,422 21.026% 15,624 0.353%
(7) FLR_11_SH 27,866 0.630% 7311 0.165%
(8) FLR_H 226,968 20.609% 26,563 0.600%
(9) UL_END 213,644 20.308% 9134 0.206%
(10) ORNT_S 24279 20.967% 11,656 0.263%
(11) ORNT_EW 293,941 22.123% 12,383 0.280%
(12) BATH_MW 3093 0.070% 5216 0.118%
(13) BAYWND 3908 0.088% 2276 0.051%
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to price dwelling units in a condominium
complex:

FINDING 3 The relative percentages of
the WTP estimates, that is, Column 3
reported in Table 4, can be used to assist real
estate developers in adjusting the prices of
dwelling units according to the differences in
their attributes, for example, floor levels,
orientation and so on.

We use two examples to illustrate how
Finding 3 can be applied. Suppose we have
a dwelling unit located on the first floor of a
building, then it should be priced 3.545%
lower than a dwelling unit located on the
sixth floor of the same building when all else
are held equal. Another example could be
that, all else held equal, a dwelling unit on
the first floor of a building located in the
centre of the complex should be priced
3.545%–0.555% = 2.99% lower than a
dwelling unit on the sixth floor of a building
located next to major streets.

In Table 5, we summarise the ranges of
the mean WTP estimates according to the
attribute groups defined in Table 1. Column
1 shows the names of the attribute groups.
For each attribute group, we show the mini-
mum and maximum mean WTP estimates in
Columns 2 and 3, and calculate their differ-
ences in Column 4. For example, the first
attribute group describes the location of the
dwelling unit in the complex and the vari-
ables are BLD_CTR, BLD_MNR, and
BLD_MJR (the base). Attribute BLD_MJR
has the minimum mean WTP estimate,

which is 0 CNY; while attribute BLD_CTR
has the maximum mean WTP estimate,
which is 24,546 CNY. The difference
between the maximum and minimum mean
WTP estimates is 24,526 CNY. Since attri-
bute groups having large values in Column 4
have greater influence on home buyers, we
can immediately obtain the following result.

FINDING 4 The top two factors that
affect home buyers’ decisions are the floor
level of the dwelling unit and its orientation,
followed by its location in the complex, its
location on a floor level, and finally, whether
both of its bathrooms are MingWei.

The above observation is consistent with
the findings reported by Heinzle et al. (2013)
where various characteristics of the condo-
minium unit and the condominium complex
are analysed to quantify real estate inves-
tors’ preferences toward the Green Building
Certification. Their results show that among
attributes associated with a dwelling unit,
the main aspect of living room (a concept
similar to the orientation of a dwelling unit)
and the floor level are the two most impor-
tant ones.

Explaining the behavioural heterogeneity

An advantage of the mixed logit model is
that it offers considerable insights into the
taste variation among home buyers. The last
two columns in Table 4 show the standard
deviations of the corresponding WTP esti-
mates in both absolute and relative terms

Table 5. Ranges of the WTP measures along key dimensions of a dwelling unit (in CNY).

Attribute group Mean WTP

Min Max Max-Min

Location of the dwelling unit in the complex 0 24,546 24,546
Floor level of the dwelling unit in a building 2156,864 27,866 184,730
Location of the dwelling unit on a floor 213,644 0 13,644
Orientation of the dwelling unit 293,941 0 93,941
Bathroom 0 3093 3093
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under the mixed logit model. A large stan-
dard deviation indicates that there exists sig-
nificant taste variation for this attribute.
Row (1) shows the standard deviation of the
WTP estimate for dwelling units located in
the centre of the complex, and its value is
relatively small (4388 CNY for BLD_CTR),
indicating that there is a unanimous prefer-
ence among home buyers to live in the centre
of the complex, so they can get a quieter
environment at home. Now let us look at the
values in Rows (3) through (8) in Table 4,
which quantify the taste variation toward
floor level variables. Although in section
‘Willingness to pay analysis’ we show that
home buyers prefer units on higher floors
except the highest floor, we can now see that
this preference is accompanied by significant
behavioural heterogeneity, which is reflected
by the relatively large standard deviations.
We also notice that the standard deviations
for variable FLR_H is the largest (which is
26,563 CNY, or 0.600% of the average unit
price) among all variables, indicating that
there are significantly different opinions
toward living on the highest floor.

Real estate developers are interested in
the socioeconomic sources that cause the
heterogeneity in preference, so that they can
better match home buyers with their pre-
ferred units. For example, if real estate devel-
opers know the kind of home buyers that
prefer dwelling units on the highest floor,
they would then specifically target those buy-
ers with units on the highest floors. To
accomplish this goal, we follow the steps out-
lined in section ‘Willingness to pay analysis’
to relate each individual’s WTP estimate to
his or her socioeconomic variables. We first
estimate each home buyer’s individual WTP
for the attribute we are interested in condi-
tional upon his or her actual choice. We then
fit a regression model in which the dependent
variable is a home buyer’s WTP for this
attribute and the explanatory variables are
his or her socioeconomic attributes presented

in the last four rows in Table 1. The estima-
tion results are reported in Table 6 and the
details are as follows.

� The first group of results are related to
the floor variables. We can see that the
WTP regression for variable FLR_1 has
an r2 of 0.248, which suggests that about
25% of the heterogeneity in WTP can be
explained by the explanatory variables.
The coefficient for AGE is negative and
significant at the 0.01 level, which sig-
nifies that older home buyers dislike
dwelling units on the first floor. The
coefficient for INC is also negative and
significant at the 0.05 level, which indi-
cates that high income home buyers are
less willing to buy units on the first floor.
The coefficient for FTHB is positive and
significant at the 0.05 level, which
implies that first-time home buyers are
more prone to purchase dwelling units
on the first floor. A possible explanation
is that since they are novice home buy-
ers, they probably have not fully recog-
nised the disadvantages associated with
living on the first floor. Similar results
are observed for the other floor vari-
ables: Home buyers with older ages and
higher income are less likely to purchase
dwelling units located on poor floor lev-
els, while first-time home buyers are
more willing to stay on those floors. It is
worth mentioning that in the regression
model for variable FLR_H, the coeffi-
cient of GNDR is positive and signifi-
cant at the 0.05 level, indicating that
male home buyers are more interested in
living on the top floors.

� The second group of results are related
to the orientation of the dwelling unit. In
the WTP regression result for attribute
ORNT_S, the coefficients of AGE and
INCOME are negative and significant at
the 0.01 level, which suggests that home
buyers with older ages and higher annual
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household income levels are reluctant to
stay in dwelling units whose orientation
is south-facing. Similar results are
observed for attribute ORNT_EW.

� The third group of results are related to
the location of the dwelling unit in the
residential complex. The coefficients for
AGE and INC are positive and signifi-
cant in both regressions, which suggests
that home buyers with older ages and
higher income prefer dwelling units
located far from major streets so as to
stay away from urban noise.

� The fourth group of results are related
to the location of the dwelling unit on a
floor. The coefficient for INC is negative
and significant at the 0.05 level, which
suggests that high income home buyers
do not like dwelling units at either end
of the floor. The coefficients for AGE
and FTHB are not significant, indicating
that they are somehow indifferent to the
location of the dwelling unit on a floor.

� The last group of results are related to
the type of bathroom in a dwelling unit.
The positive coefficient for AGE indi-
cates that older home buyers prefer to
have two MingWei bathrooms.

Overall, the relationships between the coeffi-
cients and the dependent variables are rea-
sonable and we can summarise the above
analysis into the following two findings:

FINDING 5 Home buyers with older ages
and higher annual household income have
stronger preferences for dwelling units with
good quality, that is, dwelling units that sat-
isfy the criteria specified in Finding 2; while
first-time home buyers are more flexible to
accept dwelling units with one or more less-
desirable attributes, for example, those on low
floor levels, or those that are not south- and
north-facing.

FINDING 6 The gender of the home
buyer appears to have little impact on the
taste heterogeneity in dwelling unit choice; we

do, however, find evidence that male home
buyers are more interested in dwelling units
on the top floors.

It is worth noting that the explanatory
power of the independent variables differs
across models. For example, in the regres-
sion model for FLR_1, we have r2 = 0:248.
However, in the regression models for
FLR_11_SH, the r2 is rather small, which
suggests that only a very small portion of
the observed preference heterogeneity is
explained. Such phenomena are also
reported in Walker and Li (2007) and
Hoshino (2011). A possible explanation is
that the purchase of a dwelling unit is a col-
lective decision process involving not only
the home buyer him- or herself, but also
members in the home buyer’s family as well
as members of the extended family, that is,
the home buyer’s spouse, parents and par-
ents-in-law. Therefore, the behavioural het-
erogeneity may need to be interpreted by
collecting data about the home buyer’s fam-
ily members as well as his or her extended
family members.

Conclusions

The main purpose of this paper is to quan-
tify home buyers’ preference toward dwell-
ing units in a condominium complex, a
problem that has not been thoroughly inves-
tigated in the housing research literature.
We estimate a multinomial logit model and
a mixed logit model using actual sales data
from a condominium complex in the city of
Beijing. Results from the mixed logit model
provide strong evidence that considerable
behavioural heterogeneity exists among
home buyers. This also suggests that com-
plex substitution patterns exist among dwell-
ing units and the mixed logit model is more
appropriate for the dwelling unit choice
problem.

Based on the WTP estimates from the
mixed logit model, we produce the
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appropriate price adjustments real estate
developers shall make for dwelling units
with different attributes, for example, differ-
ent floor levels, orientation and so on. We
characterise what an ideal dwelling unit
looks like in Chinese home buyers’ minds
and quantify the importance of factors
related to dwelling unit choice. We find that
the top two factors that affect dwelling unit
choice are the floor level and the orientation
of the unit, followed by the location in the
complex, the location on a floor level and
finally whether both bathrooms are
MingWei.

To further investigate the causes for the
behavioural heterogeneity among home buy-
ers, we estimate each home buyer’s WTP for
attributes where significant behaviour het-
erogeneity is observed. We then conduct
regression analysis to explain the differences
in WTP across individuals by their socioeco-
nomic characteristics. We find that the rela-
tionships between the explanatory variables
and the dependent variables are reasonable
and that home buyers with older ages,
higher annual household income and previ-
ous home ownership experience tend to
focus more on the quality of the dwelling
units, that is, they prefer to stay in units on
higher floor levels (but not on the top floor)
with good orientation. Nonetheless, we also
notice that the explanatory variables we
examine in the regression models only
account for a limited portion of the prefer-
ence heterogeneity. This signifies that more
factors need to be considered to account for
the preference heterogeneity in dwelling unit
choice behaviour.

A possible extension to this research is to
administer SP surveys to include broader
socioeconomic characteristics of the home
buyers as well as his or her family and
extended families in the analysis. These data
can then be combined with the sales data to
leverage the strengths from each data source.
In this way, we can develop more effective

ways to segment home buyers according to
their preferences, which will assist real estate
developers in designing and pricing dwelling
units tailored toward each segment and
improve profitability.

Funding
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Note

1. Note that the word ‘condominium’ can have
different meanings in different countries. In
China, a condominium (or a condo) refers to
the form of housing tenure and other real
property where a specified part of a piece of
real estate (usually of an apartment house) is
individually owned. It is an economical way
to own a home. This definition also applies to
the USA and most provinces of Canada. In
other countries such as Singapore, however, a
condominium is used for housing buildings
with luxury features such as security guards,
swimming pools and tennis courts.
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