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Abstract. This study aims to detect the equality of resource allocation of pre-school ed-
ucation in China. The resource allocation includes human resources, material resources,
and financial resources domains. A self-designed fuzzy questionnaire with 20 proposed
indicators was used to determine their importance from 15 experts. There are 12 in-
dicators selected as the fitted research tool to review the equality of resource allocation
in pre-schools, including four indicators in human resources, four indicators in material
resources, and four indicators in financial resources. We considered Gini coefficient to
transform the data related to pre-school education collected from 31 provinces in Chi-
na. The results reveal unequal distribution or extreme unequal distribution of specific
indicators, which provides useful information for further efforts to remodel pre-school
education.
Keywords: Equality of education, Gini coefficient, Fuzzy statistics, Pre-school educa-
tion, Resource allocation

1. Introduction. Resource allocation is used to assign the available resources in an e-
conomic way. It refers to decision makers dealing with equitable distribution of available
resources. Resource allocation is a part of resource management and has become a cru-
cial topic in various fields [1]. Recently, the equality of resource allocation for different
levels of education has become a new consensus to achieve quality and equity [2,3]. In
this sense, the pre-school education plays a key role in the process of education for all.
The educational resource allocation is directly related to the level and quality of pre-
school education. Excellent and sufficient educational resources will effectively promote
the growth of young children, while lack of educational resources may threaten the op-
portunities, processes and results of equal access to education, even become a gap in the
long-term development of children.

Previous studies focusing on resource allocation in pre-school education have found that
the regional disparity of educational resource allocation in pre-school education remains a
persistent issue [4]. Since 2016, China has officially implemented the “one couple with two
children” policy (hereinafter referred to as the “comprehensive two-child” policy), which
poses new challenges to the demand for pre-school education and compulsory education.
Research on the impact of the basic educational resource allocation with school-age pop-
ulation change has become a hot issue [5]. Based on different data set (including national
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data and provincial data), researchers forecast and analyze the number of pre-school age
population and the demand for educational resources by using various statistical methods.
Studies show that government and market should play respective roles to affect resource
allocation in preschool education, meaning government playing a leading role in alleviat-
ing the status of insufficient investment and disparity of resource allocation in pre-school
education, and market participating in development of pre-school education, which could
optimize resource allocation structure to achieve a balance between supply and demand
of educational resources in pre-school education [5-7].
The population change brought about by policy implementation will affect re-allocation

of educational resources. On the contrary, the educational resource allocation will also
affect the change of population size and structure [8]. The rapid development of urban-
ization has led to the differential educational resource allocation which forces families
to adopt the strategy of “replacing quantity with quality” in order to concentrate more
resources to obtain high-quality educational resources. That is to say, the differential
educational resource allocation affects women’s fertility desire and keeps it at a low lev-
el. To some extent, the differential educational resource allocation also has the effect of
“family planning”, which is one reason affecting the fertility rate [9]. Based on current
studies, redefining the equality of resource allocation is an important and necessary task
for researchers or educators in current pre-school settings.
During these years, China has initiated couple plans for improving pre-school education.

For example, “The 13th Five-Year Plan for National Economic and Social Development
of the People’s Republic of China” (2016-2020) (hereinafter referred to as “13th Five-Year
Plan”) proposes to increase the gross entrance ratio (GER) to 85% in 3 years pre-school
education [10]. In order to accelerate the modernization of education, according to the
“13th Five-Year Plan” and “National Medium and Long-Term Education Reform and
Development Plan (2010-2020)”, the State Council issued the “13th Five-Year Plan for
the Development of National Education” in 2017, proposing to more specific development
goals and the actions that will be taken [11]. China’s pre-school education has made re-
markable achievements. In 2018, there are 46 million and 564 thousand children enrolled
in 260 thousand kindergartens, which implies 81.7% GER counted in 3 years pre-school
education [12]. While it still confronts various challenges. The effect of implementing the
Plans to achieve the equality of pre-school education is still unclear. Whether implement-
ing the resource allocation in different provinces might result in inequity of pre-school
education? How serious the inequality existed in the system? It needs more work to
detect the issue. Gini coefficient is the most commonly used quantity to examine the
degree of equality, which could consider all the observed values and verify the degree
of equality by a certain number of variables. Gini coefficient is easy to operate just by
using Excel software to describe formulas and transform the collected data. With clear
explanation, Gini coefficient can be used not only to examine the equality of educational
resource allocation, but also to show the development trend to see if the inequality issue
of resource allocation in preschool education has been alleviated for several consecutive
years. Based on the questions, the purposes of this study are listed as follows:
a) To explore the connotation and scope of China’s pre-school resource allocation indi-

cators to detect the equality issue;
b) To detect the equality of resource allocation in different provinces and different

domains.
Given the two purposes, this study applies a self-designed fuzzy questionnaire to modi-

fying the indicators to fit the importance of resource allocation. Then, collect data based
on 31 provinces and calculate the Gini coefficients to tackle the equality issues.
The structure of this research includes the following components. First, we address

how the fuzzy questionnaire was built and how the Gini coefficient was used to examine
the equality issues in pre-school education. Second, demonstrate the current status of



ICIC EXPRESS LETTERS, VOL.14, NO.1, 2020 55

resource allocation and detect the serious inequality indicators to provide suggestions for
policy makers. Finally, conclusions are presented to address implications of this research.

2. Method. In this section, we will demonstrate how the study is designed, indicators
were selected, data were collected, and the Gini coefficients were conducted to determine
the inequality of resource allocation in pre-schools.

2.1. Research framework. This study focuses on the equality of pre-school education
in China. First, we considered the official data set in China. To tackle this issue, we found
the province-base data are much easier to collect and transform. Fuzzy questionnaire has
been used to enhance the logic of selecting indicators from human resources, material
resources, and financial resources domains. Figure 1 displays that the Gini coefficient has
been used to transform and justify the equality of related resource allocation based on
the data of 31 provinces.

Figure 1. Research framework

2.2. Design of fuzzy questionnaire. The traditional questionnaire uses some fixed
answer patterns to measure subject’s preference and is expressed by the scale derived from
the integer. However, almost all of human thinking and behavior reflect the ambiguity
of things, and the language they display is also vague language [13]. The binary logic of
the traditional questionnaire neither conforms to human thinking and behavior pattern,
nor reflects the true attitude and cognition of the respondents. By providing a basis
for approximate reasoning, a mode of reasoning which is not exact, or very inexact, such
logic may offer a more realistic framework for human reasoning than the traditional binary
valued logic [14]. With different functions, the fuzzy statistical method’s application as a
tool allows the capture and accurate reflection of the diversity, subjectivity, and inherent
imprecision in human responses to questionnaires [15]. The example of fuzzy questionnaire
answer is shown in Figure 2.

Figure 2. An example of self-designed fuzzy questionnaire

To get credible opinions from the group consensus, this study invited 15 experts in
this pre-school field to participate the process of building questionnaire. The 15 experts’
education backgrounds and experiences include college scholars (5), education evaluation
scholars (3), pre-school practitioners (4), directors with more than 5 years of pre-school
education work experiences (3).
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2.3. Transformation of fuzzy interval data by using fuzzy mean and centroid.
The transformation process has been defined as follows [16-18]. The concept of interval
fuzzy data can be defined as a well-distributed membership function with fuzzy numbers.
The symbol of “[ ]” means a closed interval. If a, b ∈ R and a < b, then [a, b] is interval
fuzzy data. It can be named “a” as the lower bound of [a, b] and “b” as the upper bound
of [a, b]; if a = b, then [a, b] = [a, a] = [b, b] = a = b, and it is a real number a (or b).
Similarly, a real number k can be defined as [k, k]. If [a, b] is an interval fuzzy set, we can
define Co = (a + b)/2, So = (b − a)/2, and they represent the “center” and “radius” or
“variance” respectively. This study also defined an interval fuzzy number as the following
format: [Co;So] ⇒ [Co − So, Co + So] = [a, b]. Based on the results of questionnaire
verification, this study selected 12 indicators from human resources, material resources and
financial resources domains. Table 1 demonstrates the fuzzy interval data transformation
including fuzzy mean and fuzzy centroid by calculating the perception of the importance
of educational resources with all expert participants.

Table 1. Transformation of fuzzy interval data by using fuzzy mean and centroid

Domain Indicator Fuzzy mean Centroid

Human

resources

H1: Full-time teachers per kindergarten [4.56, 6.22] [5.39]

H2: Health physicians per kindergarten [3.56, 5.22] [4.39]

H3: Caretakers per kindergarten [3.89, 5.56] [4.72]

H4: Proportion of leaders and teachers with
undergraduate degree and above

[4.78, 6.44] [5.61]

Material

resources

M1: Average living space [3.67, 5.22] [4.44]

M2: Average green area [3.89, 5.78] [4.83]

M3: Average book [5.00, 6.67] [5.83]

M4: Average digital resource [3.44, 5.33] [4.39]

Financial

resources

F1: Average educational expenditure [5.11, 6.56] [5.83]

F2: Average public finance budget education
expenditure

[5.11, 6.33] [5.72]

F3: Average public expenditure [4.78, 6.33] [5.56]

F4: Ratio of per capita public expenditures
on education to per capita GDP

[4.89, 6.67] [5.78]

2.4. Data collection. The study selected China as a target to detect her pre-school
educational resource allocation issues. Based on the Planning Department of the Min-
istry of Education of China [19,20] and China Educational Finance Statistical Yearbook
(2013-2017) [21], we collected the original data within the five years (2012-2016) from
31 provinces. The data were classified into 12 indicators by human resources, materi-
al resources, and financial resources domains based on experts’ opinions. The selected
indicators based on province data are defined as follows.
a) In human resources domain, full-time teachers (or health physicians or caretakers)

per kindergarten means total number of teachers (or health physicians or caretakers)
divided by number of kindergartens each province.
b) In material resources domain, average living space (or average green area or average

book or average digital resource) means the total living space (or average green area or
average book or average digital resource) divided by the number of children each province.
c) In financial resources domain, average educational expenditure (or average public

finance budget education expenditure or average public expenditure) means ratio of ex-
penditure on kindergarten education (or total public finance budget education expenditure
or total public expenditure of the kindergarten) to the number of children each province.
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2.5. Transformation of Gini coefficient. The Gini coefficient is a summary statistic
of the Lorenz curve [22] and is commonly used to measure the inequality of income
distribution among residents in a country or region [23]. Table 2 shows that the Gini
coefficient can be defined or interpreted in many ways [24].

Table 2. The equations and interpretations in transformation of Gini coefficient

Equations Interpretations

G = A/(A+B)

Gini coefficient refers to the arc area
formed by Lorenz curve and 45 degree an-
gle equal line formed by the observed value
of educational resource allocation indica-
tors, divided by the triangular area formed
by the complete equal line and vertical
coordinate and horizontal coordinate, as
shown in Figure 3.

Gini = 1−
n∑

i=1

(Xi −Xi−1)(Yi + Yi−1) [25]
Xi is the cumulative share of population
and Yi is the cumulative share of household
related distribution.

G =
∑n

i=1

∑n
j=1 |xi−xj |
2n2x̄

[26]

x is an observed value, n is the number of
values observed, and x bar (x̄) is the mean
value.

G = 1− 2
I∑

i=1

Li

= 1−
I∑

i=1

(ωi + ωi−1)(ρi − ρi−1) [27]

The equation is from a research of water
allocation problem. i is the name of the
administrative district; Li is the area un-
der the Lorenz curve generated by the ad-
ministrative district i; ωi is the cumulative
share of water volume allocated to admin-
istrative district i, where ω0 = 0; ρi is the
cumulative share of population in the ad-
ministrative district i, where ρ0 = 0.

Figure 3. The transformation of Gini coefficient
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In this study we use the original equation G = A/(A+B) and expand the basic concept
of the “income” Gini coefficient to measure the “resource allocation inequality” between
resource-rich regions and resource-poor regions, getting the “resource allocation” Gini
coefficient. This study transformed the original data from 31 provinces in China to ana-
lyze the Gini coefficients of human resources, financial resources and material resources.
Take the calculating process of one indicator’s Gini coefficient in human resources (H4:
Proportion of leaders and teachers with undergraduate degree and above) in year 2012 as
an example in Table 3.
The Gini coefficient is a number varied from 0 to 1, where 0 corresponds with absolute

equality and 1 corresponds with absolute inequality. The Gini coefficient below 0.2 means
high equality; the Gini coefficient between 0.2-0.3 means moderate equality; the Gini
coefficient between 0.3-0.4 means bearable; the Gini coefficient between 0.4-0.6 means
moderate inequality; the Gini coefficient above 0.6 means high inequality. Generally, 0.4
is used as the warning line of the Gini coefficient indicating the critical point of the unequal
status [28]. When the Gini coefficient increased above 0.6, society may be turbulent due
to competition for power or wealth [29].

3. Results. The results are mainly based on the analysis and discussion of the educa-
tional resource allocation equality indicators and related literature to verify the research
purposes.

Table 3. The calculating process of Gini coefficient of indicator H4

Process Description

Step 1: Calculat-
ing the relevant in-
dicators according to
the original data.

(continued)
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Step 2: Automat-
ically sorting the
transformed data
from small to large
in EXCEL to form
the second column of
data.

Step 3: Calculating
the “province cum-
ulative” data with
the equation “= Bn/
$B$32” (n = 2, 3,
. . ., 32) to form the
third column of data.

(continued)
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Step 4: Calculating
all the “area” data
with Formula for cal-
culating trapezoidal
area except for D2
with Formula for cal-
culating triangle area
one by one. Then
sum up the area of
each province as area
of B.

Step 5: The area of
the right triangle mi-
nus the area of B is
equal to the area of
A. The Gini coeffi-
cient is available, that
is G = A/(A+B).



ICIC EXPRESS LETTERS, VOL.14, NO.1, 2020 61

3.1. Gini coefficients of human resources allocation. Based on experts’ opinions,
we selected four indicators in human resources domain to tackle the equality issue in
pre-school education.

Table 4 displays the Gini coefficients of 31 provinces from 2012 to 2016 in human
resources allocation domain. Specifically, H1 has a Gini coefficient below 0.4, showing
equal distribution. The Gini coefficient in H2 varied from 0.4 to 0.6, showing unequal
distribution and increasing tendency. For H3, the Gini coefficients are from 0.2 to 0.4,
except for 0.43 in 2014. Typically, the Gini coefficients of H4 are from 0.2 to 0.4, except
for 0.41 in 2012. The declining tendency demonstrates the equal distribution to a certain
degree in this domain. The details of the trends with human resource allocation have
been displayed in Figure 4.

Table 4. The result of Gini coefficients in human resources allocation

Indicators
Gini coefficients

2012 2013 2014 2015 2016
H1: Full-time teachers per kindergarten 0.24 0.24 0.24 0.24 0.23
H2: Health physicians per kindergarten 0.44 0.45 0.49 0.51 0.51
H3: Caretakers per kindergarten 0.33 0.38 0.43 0.28 0.29
H4: Proportion of leaders and teachers
with undergraduate degree and above

0.41 0.40 0.39 0.37 0.35

Figure 4. Gini coefficients of human resources allocation

3.2. Gini coefficients of material resources allocation. Based on experts’ opinions,
four indicators were selected as represented the material resources allocation domain.

Table 5 shows the Gini coefficients of average living space, average green area, and
average book indicator are all below 0.4. The green area providing and book support
for pre-school are quite equal as out results. In this domain, we found M4, indicator
of average digital resource, with an increasing Gini coefficient values from 0.6 to 0.95,
it demonstrates highly unequal distribution among provinces. The details of the trends
with material resource allocation have been displayed in Figure 5.
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Table 5. The result of Gini coefficients in material resources allocation

Indicators
Gini coefficients

2012 2013 2014 2015 2016
M1: Average living space 0.24 0.13 0.05 0.28 0.33
M2: Average green area 0.30 0.21 0.17 0.14 0.08
M3: Average book 0.18 0.10 0.06 0.01 0.02
M4: Average digital resource 0.60 0.63 0.61 0.82 0.94

Figure 5. Gini coefficients of material resources allocation

3.3. Gini coefficients of financial resources allocation. Based on experts’ opinions,
we selected four indicators to transform Gini coefficients in financial resource allocation
domain. The results of Gini coefficients in financial resources allocation are presented in
Table 6.

Table 6. The result of Gini coefficients in financial resources allocation

Indicators
Gini coefficients

2012 2013 2014 2015 2016
F1: Average educational expenditure 0.45 0.53 0.47 0.44 0.42
F2: Average public finance budget education expen-
diture

0.52 0.51 0.56 0.53 0.59

F3: Average public expenditure 0.35 0.53 0.50 0.45 0.42
F4: Ratio of per capita public expenditures on edu-
cation to per capita GDP

0.53 0.48 0.61 0.57 0.48

Table 6 demonstrates the Gini coefficients of financial resources allocation with the
largest values. During these periods, almost all the indicators are above 0.4, except
for the indicator F3 in 2012, which means the extreme unequal distribution in financial
resource allocation. The details of the trends with financial resources allocation have been
displayed in Figure 6.

3.4. The emerging inequality indicators in pre-school education. According to
the results of Gini coefficients, we found there are still some indicators showing unequal
or extreme unequal distribution during these five years. The details of the inequality
phenomena have been displayed in Table 7.
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Figure 6. Gini coefficients of financial resources allocation

Table 7. Indicators of Gini coefficients over 0.4

Indicators
Gini coefficients

2012 2013 2014 2015 2016
H2: Health physicians per kindergarten 0.44 0.45 0.49 0.51 0.51
M4: Average digital resource 0.60 0.63 0.61 0.82 0.94
F1: Average educational expenditure 0.45 0.53 0.47 0.44 0.42
F2: Average public finance budget education ex-
penditure

0.52 0.51 0.56 0.53 0.59

F3: Average public expenditure 0.35 0.53 0.50 0.45 0.42
F4: Ratio of per capita public expenditures on ed-
ucation to per capita GDP

0.53 0.48 0.61 0.57 0.48

Table 7 shows six indicators with Gini coefficients over 0.4. Following our classification,
we can interpret the findings. First, both of the Gini coefficients of indicator H2 and M4
have shown increasing, implying the inequality issues worsen. Second, the inequality of
indicator F1 and F3 has been alleviated based on their Gini coefficients. Third, Gini co-
efficients of F2 and F4 have shown variedly; it means the allocation of these two resources
may be affected by some unstable factors. Compared with the inequality of financial
resource allocation, it reflects more serious issue among these provinces. Faced with the
problems of insufficient investment, unequal distribution of limited resources, and low
efficiency, the suggestion goes to the government that it should continue to increase fi-
nancial investment in pre-school education and effectively improve the resource shortage
and quality caused by insufficient funds.

4. Conclusions. The Gini coefficient is used to examine the equality of resource alloca-
tion of pre-school education, including human resources, material resources and financial
resources domains. Some indicators show unequal distribution or extreme unequal dis-
tribution, which provides the further efforts of pre-school education, such as referring to
educational resource allocation indicators for specific research, establishment of an online
database, and the continuous promotion of equal educational opportunities. In order to
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develop indicators system to examine the equality issues of resource allocation in pre-
school education, the logic of fuzzy questionnaire formation is a practical way to build
the research tool. This study provides an example, from indicators selection to data col-
lection and transformation, to tackle equality issues in similar settings for further studies,
in which we can extend the indicators to cover more comprehensive contents to deal with
issues.
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