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Correlation among Ownership of Home Appliances Using
Multivariate Probit Model
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Abstract

As the lifestyle of consumers changes and the need for
various products increases, new products are being developed
in the market. Each household owns various home appliances
which are purchased through the choice of a decision maker.
These appliances include not only large-sized products such as
TV, refrigerator, and washing machine, but also small-sized
products such as microwave oven and air cleaner. There exists
latent correlation among possession of home appliances, even
though they are purchased independently.

The purpose of this research is to analyze the effect of
demographic factors on the purchase and possession of each
home appliances, and to derive some relationships among
various appliances. To achieve this purpose, the present status
on the possession of each home appliances are investigated
through consumer survey data on the electric and energy
product. And a multivariate probit(MVP) model is applied for
the empirical analysis. From the estimation results, some
appliances show a substitutive or complementary pattern as
expected, while others which look apparently unrelated have
correlation by co-incidence.

This research has several advantages compared to previous
literatures on home appliances. First, this research focuses on
the various products which are purchased by each household,
while previous researches such as Matsukawa and Ito(1998)
and Yoon(2007) focus just on a particular product. Second, the
methodology of this research can consider a choice process of
each product and correlation among products simultaneously.
Lastly, this research can analyze not only a substitutive or
complementary relationship in the same category, but also the
correlation among products in the different categories.

As the data on the possession of home appliances in each
household has a characteristic of multiple choice, not a single
choice, a MVP model are used for the empirical analysis. A
MVP model is derived from a random utility model, and has
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an advantage compared to a multinomial logit model in that
correlation among error terms can be derive(Manchanda et al.,
1999; Edwards and Allenby, 2003). It is assumed that the
error term has a normal distribution with zero mean and
variance-covariance matrix 2. Hence, the sign and value of
correlation coefficients means the relationship between two
alternatives(Manchanda et al., 1999).

This research uses the data of 'TEMEP Household
ICT/Energy Survey (THIES) 2008' which is conducted by
Technology Management, Economics and Policy Program in
Seoul National University. The empirical analysis of this
research is accomplished in two steps. First, a MVP model
with demographic variables is estimated to analyze the effect
of the characteristics of household on the purchase of each
home appliances. In this research, some variables such as
education level, region, size of family, average income, type of
house are considered.

< Estimation Results of MVP Model Including Demographic Variables >

Home q 3 Size of | Average | Type of | Size of
Appliances ARC |ttt | IRggiom Family | Income | House House
Analog
(Braun tube)| 1.5349% |-0.6186** | -0.7079**| 02153 |-0.0004 |-0.0303 | 0.0148%*
v
Digital
(Braun tube)|-3.5020%* | 0.5546** | 0.6302% | 0.0234 |-0.0011 |-0.2473* |-0.0016
v
[LCDIPDP/PrO 3 ceqax | 0.3065%* | 0.1540 |-0.0387 | 0.0017%%| 0.2443%*|-0.0015
jection TV
Desktop PC | 3.1702%* [-02656 | 04419 | 02114 |-0.0008 | 0.1583 | 0.0030
Portable PC | ) 270ax | 4860+ | 04851 -0.1074 | 0.0033%*|-0.1428 |-0.0056**
(notebook)
Refrigerator | 0.0058 | 24014 |-1.1116 | 1.0168* | 0.0038 | 1.0248 | 0.0141%*
Kimehi | o jso10x| 01575 | 00237 | 02574 0.0014*%|-0.1067 |-0.0002
refrigerator
Washing | 1503 | 0.0360 |-1.3004**| 0.8301%*| 0.0025 | 0.4769* | 0.0051%*
machine
Alr -0.8010%* | 0.0827 [-0.0177 | 0.1206**| 0.0020%*|-0.0133 | -0.0002
conditioner
M‘gfe”fwe 04595 | 021290 |-0.1087 | 0.2545** 0.0005 | 0.1148 |-0.0001
Elgt‘;‘f -1.5208%* | 02362 [-0.1224 | 0.0660 | 0.0008**|-0.2202%*-0.0009
Ondol-type |} 1so5ux |0 1202 |-0.0685 |-02238**| 0.0013**|-0.0886 |-0.0016
electric_bed
Electric | _; 7o4sm | 03005% | 0.0075 | 00238 | 0.0008**| 0.0635 |-0.0011
hotplate
Toaster | -0.9853%* | 0.2770%* | -0.1852%*|-0.0120 | 0.0007**| 0.1339%*| 0.0000
Dish washer| -5.4256%* | 0.6163** | 0.4642%*| 0.3151**| 0.0014* | 0.1314 |-0.0015
Cleaner | 04691 | 0.1683 [-0.1780 | 0.1430 | 0.0015%*| 0.2944%*|-0.0008**
Air cleaner | -1.8655%* | 0.0783 | 0.1871* | 0.1385%*| 0.0007**(-0.0692 [-0.0015
* %% Statistically significant at 10%, 5%.

Second, a MVP model excluding demographic variables is



18 CS. Kim, JW. Shin, M.S. Lee, J.S. Lee / Journal of Global Academy of Marketing Science 19-2 (2009) 17-26

estimated to analyze the correlation among each home appliances.
According to the estimation results of variance-covariance
matrix, each households tend to own some appliances such as
washing machine-refrigerator-cleaner-microwave oven, and air
conditioner-dish washer-washing machine and so on. On the
other hand, several products such as analog braun tube
TV-digital braun tube TV and desktop PC-portable PC show a
substitutive pattern. Lastly, the correlation map of home
appliances are derived using multi-dimensional scaling(MDS)
method based on the result of variance-covariance matrix.

Kimchi Alr cleaner Eleciric heater
refrigerator =]
u]
Microwave
ovgn Refrigerator
o Cleaner
[u]
‘Washing machine
O Toaster
a
a
Air conditioner Omdol-type
o o eleciric bed
Dish washer
Electric hotplate
o

< Correlation Map Using MDS Method >

This research can provide significant implications for the
firm's marketing strategies such as bundling, pricing, display
and so on. In addition, this research can provide significant
information for the development of convergence products and
related technologies. A convergence product can decrease its
market uncertainty, if two products which consumers tend to
purchase together are integrated into it. The results of this
research are more meaningful because it is based on the
possession status of each household through the survey data.

Keywords: Home appliances, Correlation, Multivariate probit
model, Multiple choice, Ownership
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Table 1. Demographics of Samples
Characteristics R(f,i/?)o Characteristics I?ﬁ,l/?)o
Gend Male 474 under 299 16.9

ender
Female 526 | Average | 300 ~399 | 332
under 29 20.3 Income 400 ~ 499 22.5
A 30 ~ 39 24,5 |(10,000won)| 500 ~ 599 14.4
£ 140 ~ 49 262 over 600 13.0
over 50 29.0 Southeast 26.5
High school graduate| 52.5 Reai Southwest 243
egion

Education | In college 8.1 8 Northeast 27.8
University graduate 394 Northwest 21.3
1 2.7 under 19 19.9
sive of | 2 100 | Size of | 20 ~29 52,0
Family 3 243 House 30 ~ 39 20.3
4 539 | (pyeong) | 40 ~ 49 53
over 5 9.1 otherwise 2.5
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Table 2. Possession of Home Appliances

Home Appliances Ratio (%)
Analog (Braun tube) TV 76.5
Digital (Braun tube) TV 139
LCD/PDP/Projection TV 29.7
Desktop PC 98.1
(Jeneral Portable PC (notebook) 1.6
ppliances X
Refrigerator 99.9
Kimchi refrigerator 79.2
Washing machine 99.7
Air conditioner 63.4
Microwave oven 90.8
Electric Heat Electric heater 73
Appliances Ondol-type electric bed 33
Electric hotplate 16.1
Toaster 37.0
Small-sized Dish washer 4.1
Appliances Cleaner 91.5
Air cleaner 13.5
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Table 3. Estimation Results of MVP Model Including Demographic Variables

[ X O od i dot o
N

Home . , Size of | Average | Type of | Size of
Appliances ASC  |Education | Region Family | Income House House
Analog (Braun | '} 53494 | g 6186 ++| 07070 ##| 02153 |-0.0004 |-0.0303 | 0.0148 **
tube) TV
Digital (Braun | 5 5079 +3( 0 5546 +¢| 0.6302* | 00234 |-0.0011 |-02473* |-0.0016
tube) TV
LCDPDP/Proje | ;3 caq7 45| 03065 #+| 0.1540 [-0.0387 | 0.0017 **| 02443 *%|-0.0015
ction TV
Desktop PC_| 3.1702 **|-0.2656 | 04419 | 02114 [-0.0008 | 0.1583 | 0.0030
Portable PC . * . % ¥
notchook) | 27706 *¥| 04860 *¢| 04851 *+|-0.1074 | 0.0033 **|0.1428  |-0.0036
Refrigerator | 0.0058 | 24014 [-1.1116 | 1.0168* | 0.0038 | 1.0248 | 0.0141 **
Kimehi | 4501 01575 | 00237 | 02574 **| 0.0014 *| 01067 |-0.0002
refrigerator
Washing |, 1603 | 0.0360 |-1.3004 *#| 0.8301 *#| 00025 | 04769 * | 0.0051 **
machine
Air conditioner | -0.8010 **| 0.0827 [-0.0177 | 0.1206 **| 0.0020 **-0.0133 | -0.0002
M‘Cor;’:lave 04595 | 02129 [-0.1087 | 0.2545 **| 0.0005 | 0.1148 [-0.0001
Electric heater |-1.5298 **| 02362 |-0.1224 | 0.0660 | 0.0008 **|-0.2202 **|-0.0009
Ondol-type | 1 5054401200 |-0.0685  |-0.2238 **| 0.0013 **{-0.0886 |-0.0016
electric_bed
Blectric 1 7645 55| 03205 ¢|.0.0075 | 00238 | 0.0008 **| 0.0635 |-0.0011
hotplate
Toaster | -0.9853 **| 0.2770 **|-0.1852 **|-0.0120 | 0.0007 **| 0.1339 **| 0.0000
Dish washer |-5.4256 **| 0.6163 **| 0.4642 **| 03151 **| 0.0014 * | 0.1314 [-0.0015
Cleaner | 04691 | 0.1683 [-0.1780 | 0.1430 | 0.0015 **| 0.2044 **|-0.0008 **
Air cleaner |-1.8655 **| 0.0783 | 0.1871* | 0.1385 **| 0.0007 **|-0.0692 [-0.0015

* %% Gtatistically significant at 10%, 35%.
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*, %% Statistically significant at 10%, 5%.
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TV vV TV PC PC ator tor machine e ve oven heater pe bed hotplate washer cleaner
Analog (Braun 1
tube) TV
Digital (Braun o
tube) TV -0.5885 1
LCD/PDP/Projecti 0.5562%% -0.1517+* 1
on TV
Desktop PC  [0.2707** -0.2921%*  -0.0725 1
Portable PC ~ [-0.2354*%* 0.1557** 0.2527** -0.7388** 1
Refrigerator 0.0661  -0.0486 0.1647 -0.1399  0.2929 1
S0 00172 0.0542  0.1364** 00553  0.0600  0.2647 1
refrigerator
Washing machine| -0.0650  0.008 0.3060%  -0.1596  0.3384 0.5797%* 0.3331** 1
Air conditioner | 0.0093 -0.0289  0.2421**  0.0058 0.1547** 0.3257* 0.3825%* 0.4084** 1
Microwave oven | 0.0116 -0.0447  0.2675**  -0.083 0.2587** 0.4805** 0.3852** 0.5702** 0.3270** 1
Electric heater |[-0.2252*%* 0.3373**  0.0765  -0.2309** 0.2604** 0.2770  0.1239 0.3575** 0.1166 0.3341%* 1
Ondol-type bed | -0.0456 0.0781 0.1096 -0.0676  0.1074  0.1989  0.1849  0.2675 0.3041** 0.1159 0.3175%* 1
Electric hotplate | 0.0452 -0.0276  0.1225**  -0.004  0.0763  0.2013  0.0073  0.2610% 0.2688** 0.1610* 0.1823** 0.3727** 1
Toaster 0.0053  -0.0415  0.1936**  -0.0202 0.2206%* 0.3176* 0.1179** 0.3904** 0.1942*%* 0.3250** 0.3264** 0.1669* 0.3082** 1
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*, ** Statistically significant at 10%, 5%.
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