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Abstract: Due to multiple factors affecting e-commerce development, in the environment of network growth, spe-
cifically the dramatic increase of mobile Internet users, how to grasp the key influence factors and enhance the
healthy development of e-commerce in China? This paper discusses the influence factors of e-commerce develop-
ment from the perspectives of information infrastructure construction, economic level, educational level, urbanization
level, technology level, living standards, human capital level and price index. Based on the time series data from year
2000 to 2012, this paper proposes the influence factor model of e-commerce development by partial least square re-
gression, and analyzes the influence factors using correlation coefficient and variable importance in projection. The
research findings show that the most critical factors affecting e-commerce development in China are mobile phone
penetration, per capita disposable income, number of computers per hundred households and urbanization rate; and
real GDP per capita, knowledge index and Internet penetration also have a certain impact on e-commerce develop-
ment. This paper reveals the key factors affecting e-commerce development and puts forward some reasonable sug-
gestions in the aspects of information infrastructure construction, mobile e-commerce development, people’s living

standards and cultural quality.
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1. INTRODUCTION

The influence of e-commerce on economy has gradually
been obvious and deepened with the global electronic ten-
dency. E-commerce is becoming more and more popular in
the world because of its convenience and without time and
space limitation. E-commerce is a new economic activity and
has become an important part of strategic emerging indus-
tries and modern distribution ways in China. With the rapid
development of Internet technology, e-commerce with the
fusion of real economic activity has become an important
driving force to adjust economic structure. During the 11th
five-year plan, China’s e-commerce development has main-
tained a good momentum, with the turnover increased by
nearly 2.5 times. The concept of triple-networks convergence
and the development of Internet and cloud computing tech-
nology have produced important influence on e-commerce
development, and expanded the space of e-commerce devel-
opment. With the deepening development of industrializa-
tion and informatization, urbanization, marketization and
internationalization, e-commerce will enter a period of rapid
development in China. According to the 12th five-year de-
velopment plan of e-commerce, China’s e-commerce turn-
over will quadruple and exceed 18 trillion yuan by 2015 [1].
Under this background, the empirical research on influence
factors of e-commerce development in China has strong
practical significance.
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Now, many scholars conduct the research on e-commerce
development from different perspectives. Most research per-
spectives could be summarized as follows:

One of the perspectives is based on the roles and influ-
ence factors of e-commerce. Martin Brooks and Zaki Wahhaj
used multi-regional econometric model to estimate the im-
pact of B2B e-commerce on macroeconomic of USA, Japan,
Germany, Britain and France [2]. Yang Jianzheng, zhou Tao
and Li Qingzi employed Douglas function method to probe
into the relationship between e-commerce and economic
growth, with the results indicating that e-commerce had the
obvious role in promoting economic growth, and the lower
e-commerce safety index was one of the main reasons hin-
dering e-commerce development [3]. Li Jianchuan and
Zhang Xianfeng thought the main factors affecting e-
commerce development in western China were e-commerce
consciousness, logistics system and network credit degree,
business management, communications infrastructure, e-
commerce talents and legal issues [4]. You Guiqiao pointed
out the key factors affecting the growth of e-commerce net-
work were social factors, technical factors, management fac-
tors, economic factors and competitive factors [5].

The second perspective is based on the development
level or e-readiness measurement of e-commerce. Many or-
ganizations, enterprises, universities had carried out the rele-
vant research from different angles. Asia-Pacific Economic
Cooperation Organization (APEC) launched the index sys-
tem of e-readiness evaluation guidance based on e-readiness
concept [6]. The e-readiness research group of USA Massa-
chusetts Institute of Technology established an evaluation
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system which included access, ability and opportunity [7].
Cisco put forward an evaluation method (Net-ready Evalua-
tion) for enterprise e-commerce level which mainly included
leadership, management, ability and technology four catego-
ries with 57 specific indexes [8]. China Internet Research
and Development Center built the total index system of e-
commerce in 2001 [9]. Huang Jinghua, Huang He and Zhao
Chunjun established the evaluate index in view of enterprise
e-commerce, including enterprise external environment, en-
terprise internal demand, information technology and enter-
prise culture three categories with 67 specific indexes [10].
Liu Yue and Wang Wengqing set up the index model of re-
gional e-commerce development on the basis of regional
economics, including e-commerce trade index, information
index, e-commerce human capital index three categories
with 11 specific indexes [11]. Huang Jianqing, Shui Miao
and Chai Wenyi used e-readiness model for trading system
to evaluate the development level of e-readiness of 7 coun-
tries, from the aspects of infrastructure, social environment,
market conditions, consumers and enterprises [12].

The third perspective is based on the adoption of e-
commerce. Taking the B2B e-commerce market as an exam-
ple, Zhao Jing, Wang Shan and Huang Wilfred said the key
factors affecting e-commerce adoption in China was due to
the lack of infrastructure, technology and services [13]. Tan
Xiaolin and Zhou Jianhua classified the factors affecting e-
commerce adoption as several aspects of economic structure,
infrastructure, population structure, culture, system, market
size and government policy [14]. Xie Wei and Li peixin
founded the comprehensive factors framework for enterprise
e-commerce adoption, and concluded that the three factors
affecting enterprise e-commerce adoption decisions are ex-
ternal environment, enterprise itself and e-commerce tech-
nology [15].

The previous research achievements have reference value
for the future research. There are many factors affecting e-
commerce development, which not only relate to the devel-
opment of computer technology and Internet technology, but
also relate to the national policies, legal system, political
environment, consumer psychology and habit, business phi-
losophy, social and cultural background. Compared with the
developed countries, China's e-commerce market has its own
uniqueness. The development of mobile Internet users is
quicker than the development of Internet users, and this fac-
tor is rarely considered in the current study. From the aspects
of research methods, there are some problems to affect the
validity of research results, such as incomplete index, short
data sequence, and serious multicollinearity of influence
factors. Considering the particular advantages of partial least
square (PLS) regression in analyzing multivariate data with
few observations, analyzing the factors affecting e-
commerce development, and filtering the factors by variable
importance in projection, this paper proposes the influence
factor model of e-commerce development by PLS regres-
sion. Firstly, it builds the research model using the time se-
ries data from year 2000 to 2012 on the basis of comprehen-
sive consideration of various factors, and then analyzes the
main influence factors using correlation coefficient and the
index of variable importance in projection. We hope this
research can promote e-commerce development in China.
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This paper explains how to perform the empirical analy-
sis in detail. First of all, it describes the research background
and the literature review; secondly, it explains the principle
of research model and how to build the regression model;
thirdly, it presents how to collect and process data, and ana-
lyzes the survey results; fourthly, it provides some sugges-
tions to prompt and improve e-commerce development ac-
cording to the analysis results; at the end of the full text, it
comes up with the foresight and future work.

2. MODEL AND METHODOLOGY
2.1. Model Building

Based on reviewing the related literature and combining
with the actual situation of e-commerce development in
China, this paper takes the development level of e-commerce
as dependent variable and adopts the proportion of e-
commerce turnover accounted for GDP as measure index,
which can reflect the position and role of e-commerce in the
national economy. The factors affecting e-commerce devel-
opment can be divided into 8 categories, that is, information
infrastructure construction, economic level, educational
level, urbanization level, technology level, living standards,
human capital level and price index. This paper selects 12
indexes as independent variables in advance, as shown in
Table 1, based on literatures of e-commerce research.

The specific role of these 12 indexes is as follows:

® [nternet penetration: It reflects the population proportion
of a country or area using the Internet. With the rise of
Internet penetration in China, Internet has a considerable
impact on people’s lifestyles, communication and so on.

® Number of computers per hundred households: It refers
to the average number of computer ownership per hun-
dred households.

® Number of websites per ten thousand people: It is equal
to the total number of websites divided by total popula-
tion, and then multiplied by 10000.

® Mobile phone penetration: It refers to the average num-
ber of mobile phones per one hundred people.

® Real GDP per capita: It reflects the situation of a coun-
try's economic development.

® Knowledge index: It is equal to the adult literacy rate x
2/3 + the average years of education x 1/3. It is used to
measure the education development level of country.

® Urbanization rate: It is used to reflect the process and
degree of population aggregating to the city.

® R&D spending as a share of GDP: It is used to measure
the size of national science and technology activities, the
level of investment in science and technology, and the
ability of science and technology innovation.

® Number of patent applications per ten thousand people:
It is equal to the patent grant divided by total population,
and then multiplied by 10000.

® Per capita disposable income: It reflects the changes of
people's living standards in a country.
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Table 1. The selection of dependent and independent variables.

Wang and Liu

Category

Evaluation Index

Development level of e-commerce

Proportion of e-commerce turnover accounted for GDP (Y)

Internet penetration (X;)

Number of computers per hundred households (X;)

Information infrastructure construction

Number of websites per ten thousand people (X3)

Mobile phone penetration (Xy)

Economic level

Real GDP per capita (Xs)

Educational level

Knowledge index (Xs)

Urbanization level

Urbanization rate (X7)

R&D spending as a share of GDP (Xy)

Technology level

Number of patent applications per ten thousand people (Xy)

Living standards

Per capita disposable income (X))

Human capital level

Proportion-based employment of information industry (X;,)

Price index

Communication price index (Xi,)

® Proportion-based employment of information industry:
It is equal to the number of information industry em-
ployees divided by total number of employees.

® Communication price index: It reflects the change direc-
tion, trend and degree of communication goods price
level in the different period.

Based on literatures of e-commerce research, and princi-
ples of comprehensiveness, objectivity and comparability,
and data availability, this paper selects the mean indexes or
proportion indexes to build data model. Because linear
model can specify the relationship between dependent vari-
able 7, and a set of independent variables X, this paper builds
the influence factor model of e-commerce development, as
shown in equation (1).

Y=B+BX +B,X,+.BX (1)
i=1,2,...,13 (from year 2000 to 2012)

In this equation, f is the regression coefficient for inter-
cept, and the f; values are the regression coefficient of inde-
pendent variables and the i represents the number of inde-
pendent variables. Using this model, it is possible to investi-
gate which combinations of factors have the greatest influ-
ence on e-commerce development.

2.2. Methodology

PLS was introduced by the Swedish statistician Herman
Wold, who then developed it with his son, Svante Wold.
Although the original applications were in the social sci-
ences, PLS regression is today most widely used in
chemometrics and related areas. It is also used in bioinfor-
matics, sensometrics, neuroscience and anthropology. PLS is
a multivariate statistical data analysis method and is particu-
larly useful when we need to predict a set of dependent vari-
ables from a large set of independent variables. PLS regres-

sion generalizes and combines the features from principal
component analysis (PCA), canonical correlation analysis
(CCA) and multivariable linear regression analysis.

PLS is a linear system identification method that deter-
mines a latent space with orthogonal principle factors to ap-
proximate the original input-output space. PLS rearranges
argument information using the method of information de-
composition and can effectively extract the principal compo-
nents, which can establish forecast model in severe multiple
correlation between variables without considering principal
components and dependent variables related limitations; it
includes all original independent variables in the final model
to avoid the disadvantages of stepwise regression analysis
method and maximize data information; and there is no spe-
cial requirements to sample number. The principle of PLS
model is as follows:

Assuming that the set of ¢ dependent variables is ¥, ¥
={11, Y, ..., Y,} and the set of p independent variables is X,
X ={X\, X, ..., X,}. To study the statistical relationship be-
tween dependent variables and independent variables, n
samples are observed and the data of independent variables

and dependent variables X ={X}, X, ..., X,},x, and Y ={V],

Y, ..., Y4} nxq are constituted. PLS regression extracts prin-
cipal components # and u; from X and Y respectively. The ¢,
and u; are respectively the linear combination of X, X5, ...,
X, and Y, Y5, ..., Y,. The principal components #; and u,
carry the original variation information as much as possible
and the relevance of # and u,; is supposed to be the biggest.
After extracting the first principal component # and u;, PLS
implements X regression of #, and Y regression of ¢, respec-
tively. The algorithm will be terminated if the regression
equation reaches a satisfactory accuracy, while it continues
to extract the second principal component until reaching the
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Fig. (1). Proportion of e-commerce turnover accounted for GDP from year 2000 to 2012.

satisfactory accuracy. If there are m principal components ¢,
b, ..., t, extracting from X, PLS will build the regression
equation of ¥; (k=1, 2, ..., q) and ¢, 5, ..., t,, and then repre-
sent as the regression equation of Y; (k=1, 2, ..., q) and
original independent variables X;, X, ... , X, [16].

In this paper, we explore the model structure based on
PLS. The basic steps of PLS regression analysis are as fol-
lows: It firstly determines whether there is a relationship
between dependent variable (Y) and independent variables
(X), and this is the premise for establishing model; then it
makes multicollinearity diagnosis for independent variables
(X) using variance inflation factor (VIF), and this is the pre-
condition to determine whether the model is suitable for
PLS; finally, it extracts the principal components and esti-
mates the regression coefficient.

3. DEMONSTRATION STUDY
3. 1. Data Collection

In order to validate the data model, this paper uses the
time series data from year 2000 to 2012. The basic data used
in this research are those derived from China information
almanac, Chinese statistical yearbook, China intellectual
property statistical yearbook and China’s e-commerce report.
Among them, the data of e-commerce turnover accounted for
GDP are available from China's e-commerce report, as
shown in Fig. (1); the data of Internet penetration, number of
computers per hundred households, mobile phone penetra-
tion, number of websites, knowledge index and R&D spend-
ing as a share of GDP are available from China information
almanac; the data of patent applications are available from
China intellectual property statistical yearbook; the data of
real GDP per capita, per capita disposable income, urbaniza-
tion rate, number of information industry employees, total
number of employees and communication price index are
available from Chinese statistical yearbook.

Due to different units of each index, this paper has car-
ried on the dimensionless processing using SPSS before
building model.

3.2. Data Processing

Analyze the correlation between variables. Person corre-
lation coefficient between variables is calculated by SPSS, as
shown in Table 2. Person correlation coefficient is widely
used to measure the degree of linear correlation between two
variables, giving a value between 1 and -1, where 1 is total
positive correlation, 0 is no correlation, and -1 is total nega-
tive correlation. Person correlation coefficient with its abso-
lute value above 0.8 usually states there is a stronger linear
relationship between two variables. As Table 2 shows that
dependent variable Y and independent variables X; ~ Xj;
have high correlation at the 1% probability level (the value
of person correlation coefficient are greater than 0.9), except
independent variable Xj,. This reveals that variables selec-
tion and model building are correct. Most of independent
variables X have high correlation with each other at the 1%
probability level (the value of person correlation coefficient
are greater than 0.8).

Variance inflation factor (VIF) is used to further test the
multicollinearity between independent variables X. The pres-
ence of multicollinearity within the set of independent vari-
ables can cause a number of problems in understanding the
significance of individual independent variables in the re-
gression model. VIF can be used to identify multicollinearity
so that the model can be adjusted. When significant multi-
collinearity exists, the value of VIF will be very large for the
independent variables involved. Usually, the VIF above 10
illustrates there is the more serious multicollinearity between
two independent variables. The VIF of independent variables
X1~ Xi; are 799.267, 6109.405, 8.410, 16381.773, 2454.785,
330.857, 1933.498, 152.084, 173.006, 18835.708, 797.313
and 16.860 respectively. Thus, PLS is used for data regres-
sion analysis in this paper.
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Table 2. The person correlation coefficients of variables.
Y X X, X X, X X X, X Xo X0 Xu Xi2
Y 1 0.969" | 0.982" | 0.902" | 0.983™ | 0.980" | 0.970" | 09817 | 0968 | 09617 | 0.984" | 0.936" | 0481
X, | 0.969” 1 0.962" | 0.867" | 09867 | 0.993™ | 09877 | 0962 | 09757 | 0.984" | 09917 | 09147 | 0.513
X, | 09827 | 0962 1 0.864" | 0992 | 09777 | 0.976™ | 0.999" | 09747 | 09557 | 09817 | 09777 | 0.552
X, | 09027 | 08677 | 0.864" 1 0.856" | 0.8517 | 0.848™ | 0.864™ | 0.833" | 0.8117 | 0.859™ | 0.849” | 0256
X, | 09837 | 0986 | 0.992" | 0.856" 1 0.994" | 09917 | 0.9917 | 0.986™ | 0.983" | 09977 | 09557 | 0.567
Xs | 09807 | 09937 | 09777 | 0.8517 | 0.994” 1 0.987" | 0974 | 09787 | 0992 | 0.999" | 09217 | 0.532
Xs | 09707 | 09877 | 09767 | 0.848™ | 0.991" | 0.987" 1 0.979" | 0978 | 09757 | 0988 | 0.948" | 0.582"
X; | 09817 | 09627 | 09997 | 0.8647 | 09917 | 0.974" | 0.979” 1 0.974" | 09517 | 0.979™ | 0982 | 0.571
Xz | 09687 | 09757 | 0974 | 0.8337 | 0.986" | 0.978" | 0978 | 0.974” 1 0.972" | 09817 | 09377 | 0.605
Xy | 09617 | 0984 | 09557 | 0.8117 | 0.983" | 0992 | 09757 | 09517 | 0.972" 1 0.992" | 0.888" | 0.555
X0 | 09847 | 09917 | 09817 | 0.8597 | 09977 | 0.999" | 0.988" | 0979”7 | 09817 | 0.9927 1 0.930" | 0.542
X | 09367 | 09147 | 09777 | 0.8497 | 09557 | 0.9217 | 0.948" | 09827 | 09377 | 0.888" | 0.930" 1 0.593"
X, | 0481 0.513 0.552 0.256 0.567" 0.532 0.582" | 0.571" 0.605" 0.555" 0.542 0.593" 1
#3%, g is the 1% probability level; *. a is the 5% probability level.
Table3. Proportion of variance explained.
Statistics
Latent Factors
X Variance Cumulative X Variance Y Variance Cumulative ¥ Variance (R?) Adjusted R?
1 0.903 0.903 0.968 0.968 0.965
2 0.066 0.969 0.013 0.981 0.977
3 0.007 0.976 0.007 0.988 0.984
4 0.012 0.989 0.003 0.991 0.986
5 0.001 0.989 0.006 0.997 0.995

Determine the principal component. The number of prin-
cipal components is less than or equal to the number of
original variables. This transformation is defined in such a
way that the first principal component has the largest possi-
ble variance, and each succeeding component in turn has the
highest variance possible under the constraint that it is or-
thogonal to the preceding components. It is very important
that the principal components are independent if the data set
is jointly normally distributed. Through testing the validity
of multiple component of regression equation, it is found that
there is only one principal component meeting validity con-
ditions at the 1% probability level, namely its characteristic
value is greater than 1. Therefore, one PLS component serv-
ing as principal component is used for regression model
analysis, the proportion of cumulative X variance is 90.3%,
the proportion of cumulative Y variance (R?) is 96.8% and
adjusted R* is 96.5% , as shown in Table 3.

Build model. Based on the principal component, stan-
dardization coefficient of each variable is obtained by PLS,

as shown in Table 4. The symbol of standardized coefficient
usually signify the direction of independent variables affect-
ing dependent variable, and its size is only roughly to iden-
tify the degree of independent variables affecting dependent
variable, without taking the contribution of independent
variables to principal components.

Calculate the variable importance in projection (VIP).
Because VIP considers the contribution of independent vari-
ables to principal components and the ability of principal
components to explain dependent variable, the relative im-
portance of each independent variable on dependent variable
can be accurately judged by VIP. VIP is an indication of the
importance of independent variables in predicting the Y
space. The VIP of each independent variable is shown in
Table 4, its size is X4:X10>X2>X7>X5>X6>X1:X8>X9>X11>
X5>X); in turn. Depending on the principle, that is VIP>1,
independent variables X;, X, X4, X5, X5, X7, Xz, Xo, Xjo and
X1 can play an important role in explaining dependent vari-
able Y, in which X; and X, have the most important role.
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Table4. The coefficient, standardization coefficient and VIP of variables.
Item Coefficient Standardization Coefficient VIP
Constant 0 - -
Xi 0.089 0.300 1.036
X 0.091 0.301 1.051
X 0.083 0.265 0.965
X 0.091 0.303 1.052
Xs 0.090 0.301 1.048
X 0.090 0.302 1.038
X7 0.091 0.301 1.049
X3 0.089 0.300 1.036
Xy 0.089 0.297 1.028
X 0.091 0.302 1.052
Xu 0.086 0.292 1.002
Xz 0.044 0.176 0.515

Based on the previous survey, it is shown that the model
is through the validity of PLS regression test, and this model
overcomes the interference of multiple linear and is signifi-
cant at the 1% probability level. The proportion of cumula-
tive X variance is above 90% and AR” is above 96%, which
indicates that dependent variables of this model are more
effective with less interference.

4. DISCUSSION AND SUGGESTION
4.1. Discussion

The research results of time series data from year 2000 to
2012 indicate that the factors affecting e-commerce devel-
opment in China are mobile phone penetration, per capita
disposable income, number of computers per hundred
households, urbanization rate, real GDP per capita, knowl-
edge index, Internet penetration, R&D spending as a share of
GDP, number of patent applications per ten thousand people
and proportion-based employment of information industry
according to its contribution degree. The empirical analysis
demonstrates that the most critical factors are mobile phone
penetration, per capita disposable income, number of com-
puters per hundred households, and urbanization rate; and
real GDP per capita, knowledge index and Internet penetra-
tion are the more important factors. The impact of number of
websites per ten thousand people and communication price
index on e-commerce development in China are less signifi-
cant.

4.2. Suggestions

Based on the analysis results, some reasonable sugges-
tions on e-commerce development are put forward from the
following aspects.

Further increase the informatization infrastructure con-
struction. Mobile phone penetration and number of comput-
ers per hundred households are the key driving factors pro-

moting e-commerce development in China. The develop-
ment of successful e-commerce initiatives requires creation
of an appropriate infrastructure that will support the required
functionality. Good e-commerce infrastructure is the founda-
tion of e-commerce development, which must be able to
support transaction process with continuous development
and increasingly complex. To promote the rapid develop-
ment of e-commerce, it is very necessary to increase invest-
ment in network infrastructure to make it better.

Pay attention to the development of mobile e-commerce.
According to the statistical report on Internet development in
China, by the end of December 2013, the number of Internet
users in China had reached 618 million and the Internet
penetration was 45.8%, of which the number of mobile In-
ternet users had reached 500 million and kept growing. The
continuous growth of mobile Internet users facilitated the
development of various applications of mobile phone termi-
nal and was a highlight of China's Internet development in
2013 [17]. The popularity of mobile phones and the im-
provement of urbanization level will effectively promote e-
commerce development. With the rapid development of 3G
and 4G networks, the development of mobile e-commerce
has entered an unprecedented era.

Improve the national economy and people’s living stan-
dards. Per capita disposable income and real GDP per capita
are also the important factors driving e-commerce develop-
ment in China. With the improvement of living standards,
people’s demand for high quality and differentiated goods is
also growing, and this will put forward higher requirements
for e-commerce. The enhancement of national economy will
promote the overall growth of e-commerce, and in turn the e-
commerce development will further promote the rapid de-
velopment of national economy.

Improve the cultural quality. Now, there are some prob-
lems affecting people’s enthusiasm engaged in e-commerce,
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such as less standardized domestic market mechanism, im-
mature e-commerce environment, and the lack of credit
guarantee system. It is very important to improve national
culture quality to create a good consumption environment for
e-commerce, especially to further deepen the understanding
of e-commerce to make people really realize the convenience
of e-commerce, such as price and service advantages.

CONCLUSION

Due to multiple factors affecting e-commerce develop-
ment in China, this paper has carried out empirical research
on the key factors using PLS model based on the time series
data from year 2000 to 2012. The results show that the most
critical factors affecting e-commerce development in China
are mobile phone penetration, per capita disposable income,
number of computers per hundred households and urbaniza-
tion rate; and real GDP per capita, knowledge index and In-
ternet penetration also have a certain impact on e-commerce
development. In order to promote e-commerce development
in China, it is very necessary to further strengthen informa-
tion infrastructure construction, to attach great importance to
mobile e-commerce development, and to pay attention to im-
provement of people’s living standards and cultural quality.

Several valuable conclusions have been drawn from the
investigation and study, but there are still some limitations:
the research data and the number of samples are both limited.
In addition, in the future research, more data and samples
will be used to verify the model’s value.
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