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Abstract

The level of informatization is an important indicator of a country
or region’s level of economic development, and many domestic
and foreign scholars have studied this topic. Informatization is
seen as a developing social phenomenon, with both national and
regional characteristics, therefore the foreign standard systems are
not entirely suitable for the development of an information society
in China. This paper establishes new indexes and designs an
optimal evaluation index system according to the characteristics of
informatization. The optimal index system is more suitable for
Using this
index system, we measure the informatization level in Beijing from
2003 to 2012.

information benefit evaluation model to verify the positive effect

the current development of informatization in China.
Using the Cobb-Douglass model, we construct an

of informatization on economic development in Beijing. To further
study the relationship between the informatization evaluation index
and the urban-rural income gap, we conduct a regression between
the information evaluation index and the urban-rural income gap. It
provides a quantitative scientific basis for the study of the impact of
information technology on economic and social development plans,

enabling improved government decision-making.
Key Words

Agricultural informatization, evaluation index system, benefit eval-

uation model, urban—rural income gap, Beijing city
1. Introduction

Since the late 20th century, the information revolution
has entered a period of accelerated development. The
rise of information technology has had a profound impact
on the development of the national economy, enabling
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the transformation and upgrading of traditional industries.
Presented with the strategic opportunities offered by de-
velopments in information technology, the governments of
various countries have developed strategies to guide the
transformation and development of a range of industries.
The Chinese government has attached great importance to
the use of information technology to promote economic re-
structuring and development, and has put forward strate-
gic guidelines focusing on driving industrialization with
informatization [1].

Being a driving force of economic development, the
level of informatization is an important indicator of a coun-
try or region’s economic development, and many domes-
tic and foreign scholars have studied this topic. Machlup
analysed the knowledge industry and its distribution in
the United States in 1962 [2]. Porat improved Machlup’s
knowledge industry concept, proposing a method involving
four industrial divisions, and created a system of economic
accounting to calculate the levels of informatization, pro-
duction, and labour in the United States in 1967 [3]. Japan
Research Institute of Telecom and Economic (RITE) cal-
culated the degree of informatization in 46 Japanese coun-
ties using the RITE model, which measures the amount of
information, the information equipment rate, the level of
communication, and the information coefficient [4]. Among
domestic scholars, Zou et al. were the first to evaluate the
level of informatization, using the RITE model to measure
the level of information in China in 1986 [5]. Later, Liu
[6], Chen [7], and others evaluated the level of informatiza-
tion using six key elements of agricultural informatization
and three indices of an informatization index system. In-
formatization is a developing social phenomenon with both
national and regional characteristics; therefore, the RITE
model used by foreign scholars is not entirely suitable for
the development of an information society in China. The
measurements obtained by domestic scholars mostly reflect
the entire country’s information level, but do not reflect
the levels in specific regions [8]-[10].

On the basis of previous studies, this article establishes
an optimal index system, and then introduces some new in-
dicators according to the characteristics of informatization



to form a new index system. This index system is more
suitable for the current development of informatization in
China, and has a strong operational bias. Beijing is the
capital of China with a high level of information infras-
tructure construction. After nearly a decade of develop-
ment, its level of informationization has reached the level
of developed countries in the world. Therefore, Beijing
provides a good example, and the index system can pro-
vide a reference for the future of other Chinese provinces
and cities. Finally, using the Cobb—Douglass model, we
construct an informatization benefit evaluation model to
verify the positive effect of informatization on economic
development in Beijing. This index system is not only able
to effectively reflect the development of information tech-
nology in Beijing but is also able to empirically test the
relationship between information technology and economic
development, providing a quantitative scientific basis for
the study of the impact of information technology on eco-
nomic and social development plans, enabling improved
government decision-making.

2. Materials and Methods
2.1 Data Sources
This study uses data from the China Statistical Yearbook,

the China Information Almanac, China’s Population and
Employment Statistics Yearbook, the Chinese Industry

Table 1

Yearbook, the China Radio and TV Yearbook, the Bei-
jing Statistical Yearbook, the China Internet Development
Statistics Report, and other sources for the 10-year period
from 2003 to 2012 to evaluate the development of informa-
tization in Beijing. The period from 2003 to 2012 is selected
because some data for 2013 and 2014 are not available as
a result of a lag in the statistical yearbook data.

Because of data limitations, “information industry”
in “the proportion of the number of practitioners in the
information industry” and “information industry output
per capita” is replaced by “tertiary industry”, and “the
proportion of industrial value added” is replaced by “the
added value of the information industry”.

2.2 Design of the Evaluation Index System

There are two main theoretical models used to measure
the level of informatization. One is the Porat method,
which is studied from an economic perspective by Machlup
and Porat. The other is the Japanese RITE model, which
reflects the extent of the development of an information so-
ciety in terms of information flow and information-related
ability [11]-[13].

The Porat method uses three main measurement in-
dicators: the proportion of information activity output
value to GNP or GDP, information sector employment
as a proportion of total employment, and the proportion
of information sector employed income accounted for to-
tal employment (Table 1). This method relies heavily on

The Porat Method

Information Department

Information Industry

1.  Knowledge production
and invention industry

Research and development industry;
inventive industry; civil service industries

2. Information distribution
and communications
industry

Education; information service bulletin;
the official communication media;
informal communication media

3. Risk management

Various types of risk industry;
all kinds of financial services;
speculative economy industry

4.  Industry research and
regulation industry

Investigation and non-speculative
brokerage industry; the advertising industry;
non-market research firms

5. Information processing
and delivery services
industry

Non-electronic processing industry;
electronic processing industry;
telecommunications infrastructure;

6.  Information products
industry

Non-electric consumption or intermediate products;
non-speculative electronic products;

electronic consumption or intermediate products;
electronic investment products

7. Some government
activities

The first information sector in the federal
government; postal services; state and local education

8. Infrastructure

Information building and rent
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— Information index

Incidental expenses proportion in personal consumption

Information subjects
level

Information equipment
rate

Informatization
index

—| Number of college students per 100 people |

—| Percentage of people engaged in the third industry |

—| Number of computers per 10,000 people |

— Amount of information

Number of TV per 100 people I

—| Number of telephone per 100 people |

—| Population density per square kilometre |

—| Book sales points per 10,000 people |

Figure 1. Index system of the RITE model.

statistical data, and because the current statistical system
in use in China is quite different to that used in the United
States, this method is not suitable for China [14]-[16].

The RITE model mainly measures four primary
elements, which are divided into 11 secondary elements.
However, because the statistical method used in China is
different to that used in Japan, the RITE model (Fig. 1) is
not practical for use in China [17]-[19].

Based on the existing literature and the 13th Five-
Year Plan, combined with national conditions and levels
of economic development in China, this study identifies
5 potential variables and 13 observation variables. The
index system can provide a comprehensive evaluation of
the development of information technology in Beijing and
a scientific basis for the development of informatization in
Beijing [20]-[22] (Fig. 2).

(1) Infrastructure Index

Infrastructure provides the basic underlying conditions

enabling the development of information technology,

and is composed of four indicators. Fixed telephone
ownership and mobile phone ownership reflect the pop-
ularity of the telephone application level; the computer
ownership rate reflects the application level of comput-
ers; and the TV ownership rate reflects the application
level of the network television business.

(2) Industrial Technology Index

Industrial technology directly reflects the process of

informatization, and also determines whether or not

the public can enjoy high-quality information tech-
nology services. The industrial technology index is
composed of two indicators: the telecommunications
industry output per capita and invention patent ap-
plications per million people reflect the contribution
of the telecommunications industry output levels and
technological innovations in information technology.

(3) Consumer Applications Index
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I Daily newspaper circulation per 100 people |

—| Annual call frequency per capita |

—| Annual correspondence number per capita |

The consumer applications index reflects the level of
application of information technology in people’s daily
work life, and is composed of two indicators: Internet
penetration and consumption of information per capita
monitor the level of application of information from
the perspective of society and the public.

(4) Knowledge Support Index
Knowledge is a necessary condition if people are to
use information and communication technology effec-
tively; the higher the level of knowledge, the higher
the level of application of information communica-
tion technology. The education index is calculated
using the formula published by the United Nations
Development Programme (Education Index = Adult
Literacy Rate x 2/3 + average schooling year x 1/3).
This reflects the external knowledge support struc-
ture provided by informatization. The proportion of
the number of practitioners of informatization reflects
the internal knowledge support structure provided by
informatization.

(5) Development Effect Index
This is mainly used to measure the development of in-
formation technology in the fields of R&D, innovation,
and energy efficiency, and is composed of three indica-
tors: proportion of industrial value added, proportion
of information industrial R&D funding, and GDP per
capita.

2.3 Method of Calculating the Evaluation Index

First, we use a standard method to standardize the original
data as follows:
Transform the sequence x1, o, ..., x, such that

v — min {z;}

Yi = -
jmax {a;} — min {z;}



—| Fixed telephone ownership |

—| Mobile phone ownership |

— Infrastructure —
—{ Computer ownership rate |
—| TV ownership rate |
—| Telecommunications industry output per capita |
— Industrial technology

—| Invention patent applications per million people |

—| Internet penetration |

Evaluation
index system

Consumer applications —

—| Consumption of information per capita |

Proportion of the number of practitioners of ‘
informatization

— Knowledge support —

—| Education index |

—| Proportion of industrial value added |

— Development effect { Proportion of information industrial R & D funding |

—| GDP per capita |

Figure 2. The optimal agricultural informatization evaluation index system.

Table 2
Weights of the Evaluation Index System
Latent Variables Weights | Observed Variables Weights
Infrastructure 22% Fixed telephone ownership 5.50%
Mobile phone ownership 5.50%
Computer ownership rate 5.50%
TV ownership rate 5.50%
Industrial Technology |17% Telecommunications industry output 8.50%
per capita
Invention patent applications per 8.50%
million people
Consumer Applications | 21% Internet penetration 10.50%
Per capita consumption of information 10.50%
Knowledge Support 19% The proportion of the number of 9.50%
practitioners of informatization
Education index 9.50%

Development Effect 21% The proportion of industrial value added 7.00%

Proportion of information industrial R&D |7.00%

funding
GDP per capita 7.00%
The new sequence is dimensionless, i.e., y1,¥y2,..., the level of development of informatization in Beijing, and
yn €10, 1]. then calculate the corresponding relationship between the
Second, we adopt the qualitative Delphi method to total index and various factors. The weights are shown in
determine each evaluation index weights in determining Table 2.
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Table 3

Comprehensive Evaluation of the Level of Informatization in Beijing

Year | Infrastructure | Industrial | Application | Knowledge | Development | Total

Construction | Technology | Consumption| Support Effect Score
2003 0.1314 0.0328 0.0396 0.0298 0.0833 0.3169
2004 0.1583 0.0402 0.0405 0.0569 0.1129 0.4088
2005 0.1802 0.0517 0.0532 0.0619 0.1252 0.4722
2006 0.1900 0.0635 0.0695 0.0719 0.1417 0.5365
2007 0.1282 0.0789 0.0902 0.0743 0.1648 0.5364
2008 0.0931 0.0976 0.1074 0.0865 0.1479 0.5325
2009 0.1148 0.1060 0.1345 0.0928 0.1285 0.5766
2010 0.1278 0.1181 0.1645 0.0965 0.1349 0.6418
2011 0.1454 0.1496 0.1886 0.0940 0.1370 0.7146
2012 0.1686 0.1700 0.2100 0.1011 0.1400 0.7897

Assuming a factor set of U={uy,uz,...,u,}, the Construction

weight of each factor is given by k independent experts as
follows:

k
1
a; = EZazj,where i=1,2,...,n,that is,
j=1
1 1< 1
A = %;alj,gga%,...,%;am (2)

An index system composed of infrastructure, indus-
trial technology, consumer applications, knowledge sup-
port, and development effectiveness provides the first-level
index, and each first-level indicator also consists of a num-
ber of second-level indicators. Therefore, this study uses
the linear programming method to solve the problem of
combining multiple indices into a single index, and calcu-
lates the level of informatization development evaluation
index in Beijing. The first-level indicators are calculated
using the following formulae.

Infrastructure index:

4
Fy = Zj:l fij- (3)
that is,
4
Fl = Zj:l w]‘fij. (4)
Industrial technology index:
6
Py = ijs wj fij (5)
Application of the consumer price index:
8
F3 = Z_j:7 wjf” (6)
Knowledge support index:
10
Fy = Z]‘:g wj fij (7
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Figure 3. Development of informatization in Beijing in
2012.

Development of effective index:

13
F5 = Zj:ll wjfl-j (8)

Sum of available information index:
F=Y" F (9)

3. Results and Discussion

3.1 Evaluation of the Level of Agricultural Informa-
tization in Beijing

The various types of standardized data relating to the level
of informatization in Beijing are substituted into the above
model. The results are shown in Table 3.

The informatization level in Beijing has been ris-
ing steadily since 2003. Although the development of in-
formation technology was stagnant during the period of
economic crisis in 2008, the informatization index had risen
0.4728 points in 2012 compared with the level in 2003
(Fig. 3). Of the latent variables, the consumer applications
index is the highest, measuring 0.21 points.



3.2 The Agricultural Informatization Benefit

Evaluation Model

To further study the practical significance of the informa-
tization evaluation index, we constructed an information
benefit evaluation model, based on the Cobb—Douglass
model, to verify the positive effect of informatization on
economic development in Beijing. The model is calculated
as follows:

Yi=A KLY, (10)
where Y represents the total output of society or the gross
domestic product, A represents the technological progress
factor, K represents the input of capital, L represents
the input of labour, « represents the output elasticity of
capital, and [ represents the output elasticity of labour.

The study divides technology into two parts: infor-
mation technology and non-information technology. Then,
the formula can be expressed as:

A=Ay 17, (11)

where I represents the level of information, v represents

the output elasticity of the information level, and Ag rep-

resents technical progress factors other than information

technology. Thus, the Cobb—Douglass production function
is rewritten as:

Y= Ao KLY - 1) (12)

Due to the general assumption: scale economies un-
changed, it can be regularized process as:

a+B+v=1 (13)

Then, the Cobb-Douglass production function is
rewritten as:

Y =Ag-K¥- L7717, (14)

The formula is then presented with both sides divided

by Ly:
() (2
Ly Ly Ly

By taking the logarithm of the model, a linear equation
is obtained as follows:

(15)

In PGDP = C + aln PK +~In PI, (16)

where C' = In A is a constant term; PGDP = % is labour

t
productivity; PK = IL{—Z is the capital equipment rate; and

PI= J% is the IT equipment rate.

To better see the relationship between them, the study
takes the logarithm, and the scattered point diagrams
shown in Figs. 4 and 5.
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Figure 4. Scatter-point diagram of PGDP and PI.
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Figure 5. Scatter-point diagram of PGDP and PK.

It can be seen that GDP per capita in Beijing has a
strong linear correlation with the information index and
fixed assets investment per capita from 2003 to 2012.

LPGDP; = 9.9968 + 0.3708LPI, + 0.1756 LPK,

(0.8509)  (0.1787) (0.0488)  (17)
t = (11.7505) (2.0742) (3.5967)
R? = 0.9208

The model can be transformed into the following form:
Yt — 9.997K?.18Lt0.451t0.37

The Durbin—Watson test value of the regression equa-
tion is about 1.0224. This indicates that the error terms
are not auto correlated in the model. Based on the results
of the least squares method, the goodness of fit of the
equation is 0.9208. This means that the informatization



index and per capita investment in fixed assets explains
the vast majority of the differences in per capita GDP.
The sample data show goodness of fit with the informa-
tion benefit evaluation model. The output elasticity of
informatization in Beijing is 0.37. This indicates that when
the level of informatization in Beijing increases by 1%, the
size of the regional economy will increase by 0.37%. This
shows that informatization has become a significant factor
in the development of the economy in Beijing, and further
improvement in the level of informatization will promote
economic growth.

3.3 Impact of Informatization on the Urban—Rural
Income Gap in Beijing

To further study the informatization evaluation index in
relation to the urban-rural income gap, we conduct a
regression between the information evaluation index and
the urban—rural income gap, and the regression process is
as follows.

To prevent spurious regression, it is necessary to carry
out a unit root test on the data. We use the Eviews statis-
tical software (developed by Quantitative Micro Software)
to test the income gap between urban and rural areas in
Beijing (URIG) and the informatization index (I). The
results show that the data are not stable, and there is a unit
root. Therefore, the data are processed by first-difference
transformation, and then the unit root test is carried out
again. The test results are shown in Table 4.

Table 4
Unit Root Test Results
Statistic | Prob.**
URIG |—1.981499| 0.2871
DURIG | —6.722748 | 0.0010
I —0.986881| 0.7077
DI —2.964217| 0.0802

Regression analysis is performed using the Eviews
software, and the results are shown below.

URIG, = 2.73 —0.721; + &,
(56.45) (—8.25)
R?> = 0.89, DW = 2.16,

(18)

where ¢ = the year (2003-2012).

The goodness of fit of the model is 0.89, and the DW
test value of the regression equation is 2.16, so there is a
linear correlation between the urban—rural income gap and
the informatization index. The regression coefficient of the
model is —0.72. This shows that when the informatization
level in Beijing increases by 1%, the urban-rural income
gap is reduced by 0.72%.

Therefore, the informatization index reflects the rela-
tionship between the level of informatization development
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and the urban—rural income gap. Thus, this study en-
riches the existing literature and provides the foundation
for setting priorities.

4. Conclusion

Based on previous research by foreign scholars, we estab-
lish a new evaluation index for informatization in Beijing
using the characteristics of the development of information
technology in China, and the level of informatization in
Beijing is evaluated during the period 2003-2012. The data
requirements of the new evaluation index system are rela-
tively loose, more in line with China’s statistical system,
and more operational.

To verify the accuracy and effectiveness of the eval-
uation index, we improve the Cobb-Douglas production
function model and treat information technology as a sep-
arate element to evaluate the influence of informatization
on economic growth and on the urban-rural income gap.
The results show that when the level of informatization in
Beijing increases by 1%, the regional economy increases by
0.37%, there is a negative correlation between the urban—
rural income gap and the informatization index, and the
coefficient of elasticity is —0.72. Therefore, the evalua-
tion index presented in this paper provides an accurate
reflection of the level of informatization. We believe that
our work will provide significant benefits in promoting
agricultural informatization.

This study enriches the existing information technol-
ogy index system, and defines the relationship between the
informatization index and economic development, and that
between the informatization index and the urban-rural
income gap.
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