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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
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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.
Collecting data
from data base

—
l Building fuzzy

questionnaire to select
indicators

[
ducational resource domain—ti+ M+E

H: human resources allocation (4 indicators)

M: material resources allocation (4 indicators)

F: financial resources allocation (4 indicators)
[

Analysis of the equality of resources

allocation by Gini Coefficients
(2012-2016)

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.

Perception of the importance of “Full-time teachers”

23 l@] s [® [ 7]

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 C, = (a +b)/2, S, = (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: [C,;S,] = [C, — S,, C, +S,] = [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
H1: Full-time teachers per kindergarten [4.56, 6.22] [5.39]
Human H2: Health physicians per kindergarten [3.56, 5.22] 4.39]
H3: Caretakers per kindergarten [3.89, 5.56] [4.72]
resources . .
H4: Proportion of leaders and teachers with [4.78,6.44] 5.61]
undergraduate degree and above o ’
M1: Average living space [3.67,5.22] [4.44]
Material | M2: Average green area [3.89,5.78] 4.83]
resources | M3: Average book [5.00,6.67] [5.83]
M4: Average digital resource [3.44,5.33] [4.39]
F1: Average educational expenditure [5.11,6.56] [5.83]
‘ ‘ F2: Avgrage public finance budget education 5.11,6.33) 5.72]
Financial | expenditure
resources | 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.

¢) 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.

n

Gini =1- (X;— X;_1)(Yi + Yi_y) [25]

i=1

X; is the cumulative share of population
and Yj is the cumulative share of household
related distribution.

G = i 2?21 |z —;]

2n2x

[26]

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

=1- Z(wz + wi—1)(pi — pic1) [27]

=1

The equation is from a research of water
allocation problem. i is the name of the
administrative district; L; is the area un-
der the Lorenz curve generated by the ad-
ministrative district ¢; w; is the cumulative
share of water volume allocated to admin-
istrative district ¢, where wy = 0; p; is the
cumulative share of population in the ad-
ministrative district ¢, where py = 0.

Cumulative share of income earned

Cumulative share of people from lowest to highest incomes

FIGURE 3. The transformation of Gini coeflicient
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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
[ |
Education background of kindergarten leaders and full-time teachers
Provisee  Kindergarten Fulltime Under- Associate High School | 2¢0Y High
Heads Teachers Graduate School
graduate Bachelor Graduate
Graduate
Beijing 1892 26330 28222 296 9022 13913 4803 188
Tianjin 1336 11286 12622 168 4836 5103 2137 378
Hebei 9189 67120 76309 113 12925 42771 18845 1655
Shanxi 4935 38194 43129 74 BO43 22966 11247 799
Inner Mongolia 3199 25807 29006 80 7573 15168 5593 592
Step 1: Calculat- Ligoning 7425 45493 52918 181 7601 28115 15152 1869
: : Jilin 4061 23487 27548 145 6948 14047 5736 672
mg the releVant m- Heilongjiang 4978 25427 10405 51 5654 17190 6500 1010
dlcators accordlng to Shanghai 1838 31289 33127 174 18864 12228 1801 1]
L. Jiangsu 6824 94660 101484 195 2BB42 55538 16101 808
the Orlglnal data. Zhejiang 9754 107289 117043 181 19276 59504 36887 1195
Anhui 6208 42959 49167 58 6159 30589 11169 1192
Fujian 7772 59163 66935 31 TRO1 27612 29058 2433
Hangxi 11147 57338 68485 81 4BR5 27640 30015 5864
Shandong 17267 116408 133675 257 19283 62341 47379 4415
I Henan 15143 112551 127694 147 13883 68215 40594 4855
Hubei 7011 49153 56164 108 634 26425 20583 2217
Hunan 11849 65413 77262 87 6282 42992 26051 1850
Guangdong 18751 168542 187593 385 13931 87572 TR569 7136
Guangxi 8344 44857 53201 77 4977 27885 17281 2981
Hainan 1856 11473 13329 11 860 7491 4418 549
Chongging 4729 26735 31464 49 3923 16635 10136 721
Sichuan 11260 65403 THH63 119 7451 40931 27369 793
Guizhou 3458 23846 27304 17 3290 14764 8512 721
Yunnan 5093 35581 40674 7% 7436 19706 11889 1564
Tibet 174 1593 1767 2 270 1050 ek} 72
Shaanxi 6746 49462 56208 123 8301 32138 14266 1380
Gansu 2157 17086 19243 45 4394 10288 4115 401
Qinghai 722 4361 5083 13 TR0 2252 1853 185
Mingxia 681 6145 6826 20 1050 4343 1320 93
Ninjiang 2439 24486 26925 29 4654 16602 5373 267

(continued)
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B
the proportion of kindergarten

Province leaders and teachers with
undergraduate degree and above
2 Hainan 0.065346238
3 Jiangxi 0.072512229
4| Guangdong 0.076314148
5 Hunan 0.082433797
6 Guangxi 0.094998214
7 Sichuan 0.098743853
& Henan 0.109872038
9 Fujian 0.117009039
Step 2: Automat- 0| Guizhou 0121117785
. . 11 Hubei 0.123548893
1cauy sortlng the 12 Chongqing 0126239512
transformed data 13 Anhui 0.1264466
14 Shandong 0.146175425
from small to large 15 Liaoning 0.147057712
: 16 Shaanxi 0.149871904
in EXCEL to form 17 Tibet 0.15393322
the second column of 15 Qinghai 0.15601023
19 Ningxia 0.156753589
data. 20 Zhejiang 0.166238049
21 Hebei 0.170857959
2 Xinjiang 0.173927577
23 Yunnan 0.184761764
24| Heilongjiang 0187633613
25 Shanxi 0.188202833
2% Gansu 0.230681287
7 Jilin 0.257477857
75 Inner Mongolia 0.2638419%64
2 Jiangsu 0.286123921
30 Beijing 0.330167954
31 Tianjin 0.396450642
32 Shanghai 0.574697377
A B
the proportion of kindergarten .
Province leaders and teachers with province
undergraduate degree and above cumulative
2 Hainan 0.065346238  0.113705474
3 Jiangxi 0.072512229 0.12617463
4| Guangdong 0.076314148  0.132790145
5 Hunan 0.082433797  0.143438617
6 Guangxi 0.094998214  0.165301284
7| Sichuan 0.098743853  0.171818868
8 Henan 0.109872038  0.191182424
. g Fujian 0.117009039  0.203601136
Step 3: Calculating 10|  Guizhon 0121117785 0.210750544
the “province cum- ii Hubei 0123548893 0214980784
.y . 17| Chongging 0.126239512  0.219662586
ulative data with 13 Anhui 0.1264466  0.220022929
s 15 Lisoning 0.147057712  0.255887216
$B$32” (n = 2,3, 16|  Shaanxi 0149871904 0.260784041
17 Tibet 0.15393322 0267850918
":’32) to form the 18 Qinghai 0.15601023 0.271465012
third column of data. 19 Ningxia 0.156753589 0272758491
20 Zhejiang 0.166238049  0.28926189
21 Hebei 0.170857959  0.297300746
2 Xinjiang 0.173927577  0.302642023
23 Yunnan 0.184761764  0.32149401
24 Heilongjiang 0.187633613  0.326491159
25 Shanxi 0.188202833  0.327481629
2% Gansu 0.230681287  0.401396102
77 Jilin 0257477857 0.448023372
28 Inner Mongolia 0263841964 0.459097213
2 Jiangsu 0286123921 0.497868848
30 Beijing 0.330167954  0.574507502
31 Tianjin 0396450642 0.689842442
32 Shanghai 0.574697377 1

(continued)
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A B c D
the proportion of kindergarten arca of
Province leaders and teachers with province avery
1 undergraduate degree and above cumulative province
2 Hainan 0065346238 0.113705474 0.001%533959
3 Jiangxi 0.072512229  0.12617463 0.003869034
4 Guangdong 0076314148 0.132790145 0.004176851
5 Hunan 0082433797 0.143438617  0.004455303
& Guangxi 0094908314 0165301284 0.004979678
. : 7 Sichuan 0098743853 0171818868 0005437422
Step 4: Calculatlng 8 Henan 0109872038 0.191182424  0.00585486
all the “area” data 9 Fujian 0.117009039 0203601136 0.006367477
. 10 Guizhou 0121117785 0.210750544 0006683092
with Formula for cal- 11 Hubei 0123548893 0.214980784  0.006866634
culating trapezoidal 12| Chongging 0126239512 0.219662586  0.007010377
t T D2 13 Anhui 01264466  0.220022929  0.007091702
area except Ilor 14|  Shandong 0.146175425  0.254351997  0.007651208
with Formula for cal- 15 Lizoning 0.147057712  0.255887216 0.008229665
. . 16 Shaanxi 0149871904  0.260784041 0.008333407
culating triangle area 17 Tibet 0.15393322 (267850918 0.00852637
one by one. Then 18 Qinghai 015601023 0271465012 0.008698644
19 Ningxia 0156753589 0.272758491 0.008777798
sum up the area of 20| Zhejiang 0166238049 (28026189 0.009064845
each province as area 21 Hehei 0170857959 0.297300746  0.009460688
22 Xinjiang 0173927577 0302642023 0.009676498
of B. 23] Yunnan 0184761764 032140401 001006671
74| Heilongjiang 0187633613 0.326491159 0010451374
25 Shanxi 0188202833 0327481629 0010547948
26 Gansu 0.230681287 0401396102 0011756092
7 Jilin 0257477857 0.448023372 0013700314
78 | Inner Mongolia 0.263841964 1 0450097213 0014630977
7 Jiangsu 0286123921 0497868548 0.015434936
30 Beijing 0330167954 0.574507502 0.017296393
31 Tianjin 0.396450642 0689842442 0020392741
2 Shanghai 0.574697377 1 0.027255523
33 0.294578517
M B C D
the proportion of kindergarten
Province leaders and teachers with m:m ”‘“;‘;'fiw
1 undergraduate degree and above
2 Hainan 0065346238 0.113705474  0.001833959
3 Jiangxi (072512229 012617463 (LA3869034
4 | Guangdong 0076314148 0.132790145  0.004176851
Hunan 0082433797 0.143438617  0.004455303
Guangxi 094998214 0165301284 (.004979676
7 Sichuan (098743853 0.UTISI8868  (.045437422
8 Henan 0109872038 0.191182424  0.00585486
3 Fujian 117000039 0203601136 0.006367477
Step 5: The area of |-:I Guizhou CI2LIITTRS 0210750544 006683062
: : : 11 Hubei 0.123548893  0.214980784  0.006866634
the right triangle mi- 12|  Chongqing 0.126239512  0.219662586  0.007010377
nus the area of B is 13 Anhui 01264466 0.220022929 0007091702
14|  Shandong (146175425 0.254351997 (047651208
equal to the area of 15 Liscning 0147057712 0255887216 (008229665
B 16 Shasnxi O149871904 0260784041 0.008333407
A‘ The G1n1 coeffi- 17 Tibet 0.15393322 0267850918 0.00852637
cient is avaﬂable, that 18 Qinghai 015601023 0.271465012 0008698644
. 13 Ningxia (L156753589 0.272758491  (.0OBTTT798
is G = A/(A + B)~ 20 .ZJ:ﬁ:yg 0166238049 D2R92618% 0000064845
21 Hebei O.1T0857959 0297300746 0.009460688
22 Xinjiang 173927577 0302642023 (9676496
23 Yunnzn 184761764 032149401 0.01006671
24| Heilongjiang CLI8T633613 0326491159 0.010451374
75 Shanxi O18E202833 0327481629 0.010547948
26 Gansu (230681287 001396102 0011756092
27 Jilin 0257477857 0448023372 0.013700314
78| Inner Mongolia 0263841964 0450007213 0.014630077
23 Tiangsu (L286123921 0497868848 (.015434936
10 Beijing (L330167954 0574507502 (017296393
21 Tianjin 0306450642 0.680842442 (0.020392741
1z Shanghai 0.5T4697377 | 0.027255523
13 0.294578517
34
a5 = 0.204578517
15 = 0205421483
a7 Gini= .41
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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

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 04110401 0.39 ) 0.37 1 0.35

Indicators

Gini coefficients of human resources allocation
0.6

05 T

=
=

~+Full-time teachers per kindergarten

-=-Health physicians per kindergarten

Gini coefficients
=
-

—_— Caretakers per kindergarten

o
(%]

Proportion of leaders and teachers
with undergraduate degree and above
0.1

2012 2013 2014 2015 2016
Year

FIGURE 4. Gini coeflicients 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

Gini coefficients
2012 | 2013 | 2014 | 2015 | 2016
M1: Average living space 0.24 1 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

Indicators

Gini coefficients of material resources allocation
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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 coeflicients in financial resources allocation

Gini coefficients

Indicators 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-

) 0.52 1 0.51 | 0.56 | 0.53 | 0.59
diture

F3: Average public expenditure 0.35 | 0.53 | 0.50 | 0.45 | 0.42
F4:‘ Ratio of per ‘caplta public expenditures on edu- 053 1048 | 061 | 057 | 0.48
cation to per capita GDP

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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TABLE 7. Indicators of Gini coefficients over 0.4
Indicators Gini coefficients

2012 | 2013 | 2014 | 2015 | 2016
H2: Health physicians per kindergarten 0.44 1 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 1 0.53 | 0.47 | 0.44 | 0.42
F2: Average public finance budget education ex- 052 | 051 | 056 | 053 | 059
penditure
F3: Average public expenditure 0.35 ] 0.53 | 0.50 | 0.45 | 0.42
F4: Batlo of per c(ixplta public expenditures on ed- 053 | 048 | 0.61 | 057 | 0.48
ucation to per capita GDP

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.

(1]

REFERENCES

Definitions.net, Resource Allocation, https://www.definitions.net/definition/resource—+allocation,
2019.

UNESCO, Teaching and Learning: Achieving Quality for All (EFA Global Monitoring Report, 2013-
2014), UNESCO Publishing, 2015.

UNESCO, Global Education Monitoring Report 2017/8: Accountability in Education — Meeting Our
Commitments, UNESCO, Paris, 2017.

D.-F. Chang and W.-S. Zhu, Quality of China’s pre-school resource management explained by cluster
analysis, ICIC Ezxpress Letters, Part B: Applications, vol.10, no.2, pp.113-120, 2019.

H.-D. Li, L. Li and S.-B. Zhao, An analysis of the demand and supply balance of pre-school and
compulsory education resources under the “comprehensive two-child” policy in Shandong province,
Journal of Educational Studies, vol.15, no.2, pp.77-89, 2019.

X.-M. Hong and Q. Ma, “Comprehensive two-child” policy and Beijing’s pre-school education re-
source demand, Journal of Beijing Normal University (Social Sciences), no.1, pp.22-33, 2017.

L. Li, C. Huang and H.-D. Li, Demand analysis of preschool education resources in urban and rural
areas under the universal two-child policy, Fducational Research, no.4, pp.40-50, 2018.

W.-W. Shang and T.-J. Zhi, Population change and optimal educational resource allocation — Sum-
mary of China education development forum, Tsinghua Journal of Education, vol.40, no.3, pp.122-
125, 2019.

Y .-H. Chen and G. Miao, Educational resource allocation and fertility rate, Jiangsu Social Sciences,
no.3, pp.97-102, 2019.

State council, Qutline of the 13th Five-Year Plan for National Economic and Social Development of
the People’s Republic of China, http://www.gov.cn/xinwen/2016-03/17/content_5054992.htm, 2016.
State council, National FEducation Development “Thirty-Five-Year Plan”, http://www.gov.cn/
zhengce/content /2017-01/19/content_5161341.htm, 2017.

Ministry of education, the People’s Republic of China, National Statistical Bulletin on the De-
velopment of Education in 2018, http://www.moe.gov.cn/jyb_sjzl/sjzl fztjgh /201907 /620190724
392041.html, 2018.

B. Wu, Introduction to Fuzzy Statistics: Methods and Applications, 2nd Edition, 2015.

L. A. Zadeh, The concept of a linguistic variable and its application to approximate reasoning,
Information Science, vol.8, pp.199-249, 1975.

S. de la R. de Séa, M. A. Gil, G. Gonzalez-Rodriguez, M. T. Lépez and M. A. Lubiano, Fuzzy rating
scale-based questionnaires and their statistical analysis, IEEE Trans. Fuzzy Systems, vol.23, no.1,
pp-111-126, 2015.

D.-F. Chang and W.-C. Chou, Detecting the linkage of time management and performance explained
by soft computing, ICIC' Express Letters, vol.9, no.3, pp.721-727, 2015.

D.-F. Chang, Implementing internationalization policy in higher education explained by regulatory
control in neoliberal times, Asia Pacific Education Review, vol.16, no.4, pp.603-612, 2015.

D.-F. Chang, A. C. Chiu and B. Wu, Fuzzy correlation among student engagement and interpersonal
interactions, ICIC Express Letters, Part B: Applications, vol.9, no.1, pp.17-22, 2018.

Department of development planning, ministry of education, the People’s Republic of China, Fdu-
cational Statistics Yearbook of China, Beijing, People’s Education Press, 2012-2014.

Department of development planning, ministry of education, the People’s Republic of China, Fdu-
cational Statistics Yearbook of China, Beijing, China Statistics Press, 2015-2016.

Department of finance, ministry of education, China Educational Finance Statistical Yearbook, Social
Science and Culture Industry Statistics Division and National Bureau of Statistics (eds.), Beijing,
China Statistics Press, 2013-2017.

M. O. Lorenz, Methods of measuring the concentration of wealth, Publications of the American
Statistical Association, vol.9, n0.70, pp.209-219, 1905.

I. Eliazar and M. H. Cohen, On social inequality: Analyzing the rich-poor disparity, Physica A:
Statistical Mechanics and Its Applications, vol.401, pp.148-158, 2014.



[24]

[25]

[26]

[27]

[28]

[29]

ICIC EXPRESS LETTERS, VOL.14, NO.1, 2020 65

S. Yitzhaki, More than a dozen alternative ways of spelling Gini, Research in Economic Inequality,
vol.8, pp.13-30, 1998.

X.-X. Zhang, Y.-M. Wang, S.-Q. Chen, J.-F. Chu and L. Chen, Gini coefficient-based evidential
reasoning approach with unknown T evidence weights, Computers & Industrial Engineering, vol.124,
pp-157-166, 2018.

L. Leydesdorff, S. Caroline and W. L. Bornmann, Interdisciplinarity as diversity in citation pat-
terns among journals: Rao-Stirling diversity, relative variety, and the Gini coefficient, Journal of
Informetrics, vol.13, pp.255-269, 2019.

C. Dai, X.-S. Qin, Y. Chen and H.-C. Guo, Dealing with equality and benefit for water allocation in
a lake watershed: A Gini-coefficient based stochastic optimization approach, Journal of Hydrology,
vol.561, pp.322-334, 2018.

Y.-C. Kong, T. Zhao, R. Yuan and C. Chen, Allocation of carbon emission quotas in Chinese
provinces based on equality and efficiency principles, Journal of Cleaner Production, vol.211, pp.222-
232, 2019.

G. Kluge, Trickle down Trash, Squeeze up Wealth, http://poorcity.richcity.org/entundp.htm, 2001.



