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Abstract. Using meta-analysis, this study analyzes a total of 20 effects on
11 articles on the impact of Chinese school resource investment on stu-
dent performance. We found that: 1) the overall impact of school re-
sources on student performance is significant (effect amount is 0.093, p
= 0.001); 2) compared with the effect of school human resources invest-
ment and financial resources investment, human resources are superior,
the effect amounts are 0.121 (p <0.01), 0.120 (p = 0.014); the effect of
material resource is the lowest, but the impact is also very important
with an effect amount of 0.099 (p = 0.009); 3) in human resource in-
vestment, teacher experience, teacher education, teacher qualifications,
teacher training, teacher titles, and student-teacher ratios all have a
positive and significant impact on student performance. Among the ma-
terial resources, computer networking rates, average student fixed as-
sets, average classroom and school areas affect students’ achievements
significantly; 4) from a disciplinary perspective, the impact of school
resource investment on Chinese language and mathematics is more sig-
nificant, and from a regional perspective, the impact on central and
western regions is more significant. We suggest based on our findings
as: First, increase investment in school resources, especially financial
resources and investment in schools in the western region; Second, pay
attention to the input and allocation of teachers’ resources, especially to
improve the shortage of small-scale high-quality teachers in rural areas;
Third, keep pace with the times and improve the allocation of physical
conditions in schools.
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Question

HE findings of the Coleman Report show that school resource investment does

not have a significant impact on student performance (Coleman, et al., 1966).

This finding has sparked a lot of research and debate about the relationship be-
tween school resources and student achievement. Since then, the use of educational
production functions to study the relationship between school resources and student
performance has become a hot topic in related fields. But until today, no consensus has
been reached on such studies. Two of the most representative views are the related ar-
guments of Hanushek and Hedges. Hanushek’s series of studies have not found direct
evidence that school resource investment significantly affects student achievement, and
therefore believes that education policy cannot be simply thought of when it comes to
school resource investment (Hanushek, 1989; Hanushek, 1995; Hanushek, 1997). But
Hedges and others have criticized and questioned Hanushek’s research methods, re-
search data, and research results. They used meta-analysis to re-analyze the data used
by Hanushek in 1989, and obtained the opposite of Hanushek’s conclusion. The meta-
analysis results show that most of the school’s resources have a significant impact on
student performance, including the average student expenditure; teachers’ quality
(teacher education, experience, and ability) has a positive and significant positive im-
pact on student performance, while school size and class size have significant negative
correlations with student performance (Hedges, et al., 1994). A series of research by
Hedges et al. has re-ignited people’s emphasis on school resource investment. However,
due to the complexity of the relationship between school investment and student
achievement, a large number of subsequent studies have also found that: due to the
country’s sentiment, research data, relevant research conclusions are not completely
consistent for reasons such as the setting of the model and the selection of variables. For
example, Fuller analyzed the relationship between school resources and student perfor-
mance in the Third World, and found that in developing countries, school factors are the
main cause of differences in student performance (Fuller, 1987). Hattie used meta-
analysis to analyze more than 800 factors affecting student academic achievement, in-
cluding comprehensive analysis of six types of factors: individual students, families,
schools, teachers, courses and teaching, and found that school resources have a positive
and significant impact on student performance. Among them, the influence of teachers
is the most significant and has been hailed as the “Holy Grail of Teaching” by Hattie
(Hattie, 2015).
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Research from China on the relationship between school resource investment
and student performance started late. At the end of the 1990s, Jiang (2000) studied the
rural bases through multivariate analysis of variance and related analysis, using statis-
tics on education expenditure and education in 328 counties in nine provinces of East,
Central and West China in 1990 The relationship between education investment and
student achievement (Jiang, 2000). This study opened the prelude to China’s research
on school resources and student performance. Especially since 2006, more and more
related studies have been conducted, but so far, no uniform conclusion has been reached.
Some scholars have found that school resources, such as teacher age, student-teacher
ratio, average number of students, average school area, average classroom area, average
student education expenses, average student career expenses, and average student pub-
lic expenses, etc., have significant effects on student performance (Hu, 2007), but some
scholars have found that some indicators have little or no correlation with student per-
formance. For example, Zhao found that the average teaching age of teachers will nega-
tively affect student performance (Zhao, 2013).

It can be seen that in the past 5 decades, there has been an endless stream of re-
search on school resources and student performance, but so far, relevant research has
not yet reached a clear and consistent conclusion. However, such studies have found
that there are some correlations between school resources and student performance, and
this relationship mainly exists in the three areas of human, finance, and material. Com-
pared with foreign studies, because Chinese school-related data is more difficult to ob-
tain, there are fewer empirical studies on the relationship between school resources and
student performance. The reason did not reach a consensus conclusion. This leads to the
lack of the best evidence of robustness in improving the process and efficiency of
school resource investment, which affects the scientificity and pertinence of decision-
making. Considering that China is a large and rapidly developing country, synthesizing
the evidence on the relationship between Chinese school resource investment and
school output will help us understand the relationship between the two in a more de-
tailed and comprehensive manner, and it will also help us Provide “best evidence” from
China for theoretical research in this area. Such research can not only have a more accu-
rate understanding of the benefits of human, financial, and material inputs, but also
have important reference values for improving future education finances, school-level
education resource allocation, and funding input. Because the conclusions of the exist-
ing empirical studies are not consistent, the most suitable analysis methods in this pro-
cess are meta-analysis and systematic evaluation. But so far, the meta-analysis or sys-
tematic review of China in this field is almost blank. Therefore, no matter from the the-
oretical research or policy improvement, it is urgent to give solid evidence for the fol-
lowing issues: (1) What is the relationship between school resource investment and stu-
dent achievement? (2) Which of the human, material and financial resources of school
resources has a greater impact on student performance?

Definition
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School Resources

School resources refer to the sum of resources occupied, used and consumed to main-
tain school education and teaching activities. School resources are usually divided into
three dimensions: human, material and financial resources. Specifically, the school’s
human resources, that is, the school teacher team and students, of which the teacher
team includes full-time teachers and non-full-time teachers, this study mainly discusses
the impact of full-time teachers on student performance. Material resources refer to tan-
gible assets and low-value consumables invested in schools, such as school buildings,
land, books, materials, and other fixed assets. Financial resources usually refer to the
monetary performance of human and material resources (Hanushek, 1997).

In the selection of indicators of various dimensions, we draw on the practice of
scholars at home and abroad. Teacher qualification, teacher education, teacher teaching
age, teacher training, teacher-student ratio and teacher title were selected as the indica-
tors of school human resources input. The average school area of the students, the aver-
age number of school books, the average classroom area of the students, the average
building area of the students ‘school, the average number of students’ computers, and
the computer network rate are taken as the indicators of the school’s material resources.
The average public funding of students is used as an indicator of the financial resources
of the school (see Table 1 for the meaning of each indicator).

Academic Performance

Students’ academic performance is the primary concern of parents and an important
indicator for measuring the effectiveness of school education (Li & Zhang, 2018). It
also predicts the level of education that students may receive in the future and the bene-
fits in the labor market (Lipsey & Wilson, 2001). This article measures the impact of
school resource investment on student performance, including both the student’s overall
academic performance and various subjects (such as mathematics, Chinese language,
English, science, etc.).

Research Design

Analysis Methods and Tools

The analysis method used in this study is meta-analysis, which is a literature analysis
method combining qualitative and quantitative analysis methods (Xia, 2005), that is, a
method of statistical analysis of a single research result by synthesizing existing related
research findings (Gu & Hu, 2018; Glass, 1976). Unlike traditional literature analysis, it
extracts relevant information from existing research, such as sample size, standard devi-
ation, correlation coefficient, etc., calculates the effect amount, and judges the degree
and direction of the impact based on the size and direction of the effect amount. This
avoids the subjectivity and non-repeatability of traditional literature analysis and helps
people to obtain “best evidence” (Gu & Hu, 2018).
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The effect size refers to the comparison between different studies by standard-
izing the results of each study. Different types of meta-analysis have different effect
sizes (Lipsey & Wilson, 2001). There are two types of commonly used effect quantities.
One is the standard difference type, such as Cohen’d, Hedges’g, and Glass 4 (Lu, et al.,
2011). Because most of the current meta-analysis are based on experimental studies to
investigate the effect of an experimental intervention on the experimental results, d or g
are mostly used for the effect amount. The other is the correlation effect, which mainly
includes rpearson and ry, (Ferguson, 2009). Most of this type of effect is suitable for
univariate correlation analysis and analysis of variance. As the research on the relation-
ship between school resource investment and student performance is mostly based on
multiple regression analysis or multi-level linear models, these types of effect quantities
are not applicable. For this reason, in many such studies, standardized regression coeffi-
cients are used as the effect size (Mark et al., 2001). When Hedges et al. analyzed the
impact of school resource investment on student performance, considering that in all
studies, input variables and output variables are usually not measured on the same scale,
the partial regression coefficients obtained cannot be directly calculated or compared.
Therefore, standard regression coefficients are used as effect quantities for combination
and comparison (Greenwald et al., 1996). The standard regression coefficient measures
the change in the output variable caused by a standard deviation change in the input
variable.

Since not all studies have reported standardized regression coefficients. There-
fore, in the following research, we first refer to the calculation formula of Nieminen et
al. (Nieminen et al.,2013).to convert the non-standardized regression coefficients into
standardized coefficients; then use Comprehensive Meta Analysis 2.0 (CMA 2.0) soft-
ware developed by Biostat to calculate the effect amount Test heterogeneity, perform
sensitivity analysis, and test for publication bias. In addition, in specific calculations, in
order to ensure the principle of sample independence, using documents as the unit, first
calculate the overall effect amount of each document and the corresponding effect
amount of human, material and financial resources; then combine the overall effect
amounts of all documents, manpower input effect amount, material input effect amount,
and financial input effect amount.

Collection and Selection

First, determine the inclusion criteria for the literature. The inclusion criteria need to be
accurately framed, including the type of document, year, language, research method
used, and whether the effect size can be calculated. The rest depends on the specific
research purpose. This process should be avoided as much as possible based on the per-
sonal preference of the researcher, and its criteria need to be determined more based on
the research purpose, research content, literature characteristics and statistical require-
ments. The criteria for document inclusion need to include at least the following basic
elements: the salient features of the document to be included, the research object, the
key variables, the study design, the cultural and linguistic range, the time range, and the
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type of document. Based on the research purpose and the basic elements that the inclu-
sion criteria should include, this study has developed six criteria to screen the literature:

1. The study was published between 1990 and 2018. The language used is Chi-
nese and/or English, and the type of literature is not limited.

2. The research content is the impact of school running conditions on the aca-
demic performance of basic education students. The school running condi-
tions include human, material and financial resources or one of them.

3. The research objects only include research from ordinary middle and elemen-
tary schools in China, excluding pre-school education, vocational education,
and higher education.

4. The research must present clear, clear and complete statistical data results.
Statistical information such as the mean, standard deviation, sample size or t
value, F value should be reported to ensure that the effect amount can be cal-
culated.

5. Research methods are limited to empirical research. Including (quasi) exper-
imental research and research based on experimental research ideas (such as
research using RDD, DID, PSM methods), and research using multilayer lin-
ear model (HLM), structural equations, correlation analysis and other meth-
ods.

6. The dependent variable of the research model is the student’s academic per-
formance, including the total score and the results of various subjects such as
Chinese language, mathematics, and English.

Secondly, the literature was searched according to the criteria. The keywords we
searched are “school resources”, “school conditions”, “academic performance”, “aca-
demic performance”, “academic achievements”, “teacher resources”, “teacher human
capital”, “school investment”, “Financial investment in education”, “education produc-
tion function”, etc. The search database includes educational databases such as CNKI,
CQVIP, Wanfang Data, Baidu Academic, Google Academic Mirror, EBSCOhost,
JSTOR Retrospective Database, etc., and obtained more relevant literature through the
“snowball” method. A total of 161,897 articles were retrieved through keyword search-
es. By contrasting with the inclusion criteria, first of all, screening is performed accord-
ing to the title of the document to exclude studies that do not meet the requirements.
After screening based on the keywords, the title and abstract of the article are read to
further exclude the research that does not meet the requirements. Finally, the remaining
documents are read in full. A total of 11 studies were included, including 20 effect sizes.
The details of the literature search in each database are as follows (Figure 1).

Extract and Encode Bibliographic Information

The information included in the extracted literature includes author, publication year,
research grade, research area, data type, research method, independent variable selec-
tion, dependent variable selection, sample information (including sample size, and de-
mographic characteristics of the sample) and average, T value, standard deviation and
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Table 1.The Meaning of Each Indicator.

gzzgalrces Indicator Variables and Meanings
Teacher qualification: whether there is a teacher qualification certificate, the
proportion of teachers qualification certificate
Teacher age: that is, using the number of years of teaching as a proxy for
teacher experience
Human Teacher’s education: the education level of the teacher
Resources
Teacher training: the total training time for teachers
Teacher-student ratio: number of full-time teachers / number of students
Teacher titles: namely junior titles, intermediate titles, senior titles
Students are school area; the ratio of the number of students and the
school covers
Students are school drawing book ratio of the number of copies :: books
and school books count the number of students
Classroom area per student: Ratio of school classroom area to student
Material population
Resources School building area per student: Ratio of school building area to student
number
Number of computers per student: Ratio of computers to students in
schools
Computer networking rate: ratio of the number of computers connected to
the school to the total number of computers owned by the school
Financial Public Funds per student: Ratio of public funds to number of students
Resources

other information to calculate the effect amount. The encoding rules used are as follows

(Table 2).
1.

Input Variable: In human resources, the student-teacher ratio is coded as
P/T; the teacher-student ratio is coded as T/P; the teacher qualification
code is TEQ; the teacher experience code is TExp; the teacher education
code is Ted; the teacher the title code is TEt, and the teacher training code
is TEc. In material resources, the number of students per book is coded as
PSB; the number of students per computer is coded as PSC; the computer
network rate is coded as RC; the number of students per year of fixed as-
sets is coded as PCFA; the average construction area per student is GFPS.
Among the financial resources, the public expenditure code per student is
PPE.

Output Variable: The total score is coded as Total, the math score is coded
as Math, the language score is coded as Chinese, the language reading
score is Reading, the English score is coded as English, the science score
is coded as Science, and other scores are coded as U.

Grade: Elementary school code is P, middle school code is S, and high
school code is H.
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Table 2. Document Coding.

# Author \Y ov RS SA SS RD LT DT
. PSC, RC, TEq, Math, Read-
1 Liang Huang (2018) Ted ing, Science E HLM FL J G
Xiangyun Li, Ping T/P, TEt, PSB, Chinese,
2 Wei(2014) PCFA, PPE Math P M HM FLJ !
3 Xue Xia (2009) TE Math P W HLM FL 5‘0”' C
. PSB, SAFA, .
4 Eﬁh(%%g”'\(ongme' TEq, PIT, ﬁr;ltr;]ese, S W OLS QL J C
TExp, PPE
L PPE, Ted .
Haiping Xue, ’ ’ Chinese,
5 Weifang Min (2008) Egp TELTEC,  path 5 B G ek 9 €
PSCA, PSB, Chinese P non-
6 Yongmei Hu (2007) SAFA, PIT, Math ' S' w HLM QL 3 C
TEq, PPE
Xuehui An, Emily
7 Hannum, Tanja Sar- TExp, Ted Total P N HLM QL J @
gent (2008)
Jennifer Adams
8 (2012) TExp, TEt, Ted Math P w HLM  FL J C
9 Qiuyi Weng (2009) SAFA, GFPS, Total S EwW OLS FL J C
Yanging Ding, PPE, Ted,
10 Haiping Xue (2008) TEq, T/P Total H W HLM QL J c
L PPE, Ted,
11 \';'vaa{ﬁ'”%z)égg')m“g TEq, TEt, TEc, Math 2' EM HLM OL J €
9 TExp, P/T

Note: IV: Input Variable; OV: Output Variable; RS: Research Section; SA: Study Area; SS: Sample Size;
RD: Research Design; LT: Literature Type; DT: Data Type.

4. Study Area (Area): the national code is N, the eastern code is E, the cen-
tral code is M, the western code is W, the eastern and central and central
and eastern codes are both EM, and the central and western and central
and western codes are MW.

5. Method: The multivariate linear model is OLS, and the multilayer linear
model is HLM.

6. Study Design: With reference to the practice of Greenwald et al., The re-
search design is divided into longitudinal studies (coded as L) and quasi-
longitudinal studies (coded as L) according to whether the study includes
front-to-back testing, whether to control student 1Q, and previous perfor-
mance. Coded as QL and Non-Longitudinal Studies (FL). In this sample,
only quasi-longitudinal and non-longitudinal studies are included.

7. Literature Type (Lt): Articles published in journals are coded as J, and
non-journal literatures are coded as non-J.

8. Data Sources: According to the data sources, the data is divided into three
categories: first, international data, such as PISA, authoritative data with
global significance, coded as G; followed by some important issues in
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China There are semi-official and authoritative data in China. Such data is
usually large-scale survey data of multi-agency cooperation across prov-
inces. The measurement tools used by them are authoritative institutions
or experts to develop standardized test papers. The relevant questionnaires
have also been repeatedly verified and coded as C; once again, the data
obtained by researchers and their research groups through self-made ques-
tionnaires, and the reliability and representativeness of the results Sex is
worse than the former two, coded as I.

In many previous meta-analysis studies, the sample size, randomness of sam-
pling, etc. are often coded and discussed. However, in our research, all samples are
large samples, and the sampling methods are generally consistent, so we did not sepa-
rately encode and analyze such information.

Analysis Framework

We first analyzed the overall impact of school resources on student performance, and
then separately analyzed the impact of student human resources, material resources and
financial resources on student performance, thereby determining which aspects of in-
vestment are more effective. On this basis, we further analyzed the impact of human
resources and material resources on student performance. Student grades include stu-
dent grades and total student grades. At the same time, the introduction of moderating
variables, that is, the impact of different disciplines, different academic periods, differ-
ent research areas, different research methods, different research designs, literature
types and data types on student performance, in order to test the sources of heterogenei-
ty between different studies, and then comprehensively evaluate The impact of school
resource investment on student performance (see Figure 2 for the analysis framework).

According to the steps of the meta-analysis, the quality of the included literature should
be evaluated. However, in most cases, such quality evaluation standards are mainly ap-
plicable to the literature of experimental research, from whether the experimental de-
sign and process of the included literature are scientifically and rationally evaluated
(Valentine & Cooper, 2003). Such criteria are not suitable for this study. Because the
documents we included are all officially published academic papers, which have under-
gone strict peer review, the research process is rigorous, and the conclusions are robust
and reliable, the included documents have high quality and can meet the requirements
of meta-analysis.

Results

Heterogeneity Test and Model Selection

In order to accurately examine the impact of school resource investment on student per-
formance, a heterogeneity test was first performed. Tests for heterogeneity refer to
whether different studies have heterogeneity and what causes heterogeneity. It is also
called tests for homogeneity or homogeneity test. With reference to the results of heter-
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Figure 1. Database Retrieval Flowchart.

Google Academic Mirror,
‘ CNKI (6,386) ‘ ‘ CQVIP (11,681) ‘ ‘ WanfangData (6,830) ‘ EBSCOhost, JSTOR (137.000)

| | |
v

‘ Screened (161,897) ‘

_ } | Exclude 1,693 articles based on keywords and
‘ 160,135 articles excluded by tile | i

v
Exclude 60 articles based on full text

14 Independent variables not required
6 Dependent variable non-student grades

30 Articles lacking statistical information for
calculating effect size

3 Research subjects were not primary and
secondary

2 Study area non-school level
5 Research subjects Non-China Mainland

‘ Included (9) ‘ ‘ Snowball method (2) ‘

Y Y
‘ Screened 11 articles with a total of 20 effect sizes ‘

ogeneity analysis, a suitable statistical model is selected (Ricker, et al., 2008; Xia,
2005). If the test result is not significant (p> 0.05), it indicates that the studies are ho-
mogeneous, and a fixed effect model is selected; if the test result is significant (p <0.05),
it indicates that there is heterogeneity between different studies. If there is heterogeneity,
there are usually two processing methods. One is to use subgroup analysis and sensitivi-
ty analysis to eliminate heterogeneity processing methods such as extreme values or
statistics with opposite directions, and then make it homogeneous using a fixed effects
model (Xia, 2005); another method is to use a random effects model. However,
Borenstein et al. proposed that the choice of analysis model should also be based on the
source of heterogeneity. If the heterogeneity originates only from sampling errors, a
fixed-effect model is selected. If it is assumed that in addition to sampling errors, heter-
ogeneity also comes from factors such as study design and sample characteristics, a
random effect model is selected (Borenstein, et al., 2009).
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Figure 2. Analysis Framework Diagram.

Human Resources Sub-variables of Human Resources. Overall
Material Resources g School Resource Investment Student Performance <+
] . | ] Separated
Financial Resources Sub-Variables of
Material Resources.

Research Design

Research Method

Study Area

Research Disciplines

Research Section

Journal Literature

Data Type

In the heterogeneity test of the overall impact of school resource investment on
student performance, Q = 674.236 (p < 0.001) indicates that there is heterogeneity be-
tween the samples, and 12 = 97.182, indicating that about 97% of the variation comes
from the difference between the effect values. Only 3% of the variation was due to
sampling errors, so a random effects model was used for analysis. The test of the heter-
ogeneity of the impact of school human, material and financial resources on student
performance also shows that there are differences between different studies, and the
variation mainly comes from factors other than errors, so a random effect model is also
adopted.

The Overall Impact of School Resource investment on
Student Performance
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In the analysis of the results, referring to the practice of Greenwald et al., The effect
size (Table 3) obtained was analyzed according to the standard regression coefficient,
and the influence of this variable on student performance was analyzed (2009). The
overall impact of school resource investment on student performance is shown in Table
4. The effect amount ES = 0.093 (p = 0.001), which is equivalent to a standard regres-
sion coefficient of 0.093. That is, an increase of one standard deviation in school re-
source investment will increase student performance by 0.093 of the standard deviation.
This effect is very significant. Increasing investment in school resources will have a
large impact on student performance, a result that is consistent with the conclusions of
Hedges et al. (1994) and Hattie (2015).

The Impact of School Personnel, Finance, and Material
Inputs on Student Performance

According to the results in Table 4, it can be seen that the input of school human re-
sources has the greatest impact on student performance, with an effect amount of 0.121
(p <0.001), that is, an increase of one standard deviation in school human resource in-
vestment will increase student performance by 0.121 standard deviation, which is quite
large Impact. The impact of financial resources investment is equivalent to that of hu-
man resources, with an effect size of 0.120 (p = 0.014). The last is the impact of the
school’s material resource investment, with an effect amount of 0.099 (p = 0.009),
which is less than the impact of financial and human resources, but it is sufficient to
have an important impact on student performance.

Use subgroup analysis to explore the impact of human resource variables on
student performance (see Table 5 for results). Since the teacher-student ratio and the
student-teacher ratio are inverse relations to each other and cannot be simply merged,
referring to the practice of Hedges et al., The effect magnitudes of the teacher-student
ratio and the student-teacher ratio are calculated separately. The results in Table 5 show
that in human resources, teacher experience, teacher training, teacher education, teacher
titles, teacher qualifications, and student-teacher ratio all significantly affect student
performance, and the effect range is [0.101, 0.185]. The results of this study are con-
sistent with Hedges’ report (Hedges, et al., 1994). However, the results show that the
teacher-student ratio has no significant effect on student performance. This result may
be because only three teachers-student ratios were used in the collected samples, so this
result needs to be treated with caution.

Similar to human resources, subgroup analysis of the input effect of each vari-
able of material resources was used (Table 6). However, unlike the results of various
human resources variables, among the material resources, only the computer network-
ing rate, the average fixed assets per student, the classroom area per student, and the
school area per student significantly affect student performance and the effect range is
[0.032, 0.222], but the number of students per computer, building area per student, and
number of books per student did not significantly affect student performance. However,
it should also be noted that the sample size of each variable in the material resources is
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Table 3. Effect Amount Report.

Effect Size
# Author Output ; : :
Variable Human e-Material  Financial
Overall
Resources Resources Resources
1 Liang Huang (2018a) Math 0.021 0.131 0.008 /
2 Liang Huang (2018b) Reading 0.009 0.1 0.002 /
3 Liang Huang (2018c) Science 0.023 0.117 0.019 /
4 Xiangyun Li, Ping Wei (2014a) Chinese 0.243 0.441 -3.512 0.242
5 Xiangyun Li, Ping Wei (2014b) Math 0.121  0.064 0.05 0.181
6 Xue Xia (2009) Math 0.058 0.058 / /
7 Yuhong Du, Yongmei Hu (2009a) Math 0.001 0.219 0.096 -0.263
8 Yuhong Du, Yongmei Hu (2009b) Chinese 0.101 0.222 0.239 -0.158
9 Haiping Xue, Weifang Min (2008a) Math 0.126 0.17 / 0.123
10 Haiping Xue, Weifang Min (2008b) Chinese 0.104 0.066 / 0.145
11 Yongmei Hu (2007a) Math 0.114 / 0.106 0.122
12 Yongmei Hu (2007b) Chinese 0.143 / 0.096 0.144
13 Yongmei Hu (2007c) Math 0.231 0.232 0.204 /
14 Yongmei Hu (2007d) Chinese 0.181 0.19 0.193 0.178
Xuehui An, Emily Hannum,
Tanja Sargent (2008) Total -0.0021 -0.0021 / /
16 Jennifer Adams (2012) Math 0.085 0.053 / /
17 Qiuyi Weng (2009) Total -0.219 -0.219 -0.052 /
18 Yanqing Ding, Haiping Xue (2008) Total 0.081 0.081 / 0.168
19 Haiping Xue, Rong Wang (2009a) Math 0.199 0.164 / 0.234
20 Haiping Xue, Rong Wang (2009b) Math 0.235 0.143 / 0.322
Table 4. Calculation of Effect Amount.
Effect Amount
(Point Estimate)
Random Fixed Confidence z P
EQ Effect Effect SEM Variance Interval Value Value
U] 20 0.093 0.089 0.027 001 [0.039-0.147]  3.393  0.001
Impact
numan 18 0.121 0060  0.020 0.00 [0.082-0.161]  5.972  0.000
esources
Financial
Resources 12 0.120 0.105 0.049 0.002 [0.024-0.215] 2458 0.014
gate”a' 0.099 0.103 0.038  0.001 [-0.025-0.173]  2.629  0.009
esources
Note: EQ: Effect Quantity; SEM: Standard Error of Mean.
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Table 5. Calculation of the Effect Amount of Each Sub-Variable of Hu-

man Resources.

Effect Amount

Human (Point Estimate)

Resources Random Fixed Confidence Z P
Variables EQ Effect Effect SEM  Variance |Interval Value Value
Teacher

Exporionce 8  0.185 0.177  0.059 0.003 [0.069,0.301]  3.315  0.002
Teacher

Training 3 0137 0.145  0.038 0.001 [0.062,0.211]  3.607  0.000
Teacher

e 8  0.144 0.160  0.023 0.001 [0.099,0.188]  6.292  0.000
Eﬁfher 8  0.101 0.081  0.025 0.001 [0.052,0.151]  3.996  0.000
Teacher

Oualifications 11  0.134 0.109  0.030 0.001 [0.075,0.193]  4.478  0.000
Student- 0.150 0.154  0.032 0.001 [0.089,0.212]  4.763  0.000
Teacher Ratio

Uit 3 0.263 0.015 0.196 0.038 [-0.120,0.647] 1.346 0.178

Student Ratio
Note: EQ: Effect Quantity; SEM: Standard Error of Mean.

Table 6. Calculation of Effect Size of the Sub-Variable of Material

source.

Effect Amount (Point
Material Estimate)
Resource Random Fixed Confidence Z P
Variables EQ Effect Effect SEM  Variance Interval Value Value
Computer
Networking 3 0.032 0.032 0.006 0.000 [0.020,0.043] 5.307 0.000
Rate
Number of
Computers 3 -0.012 -0.012 0.008 0.000 [-0.027,0.002] -1.659 0.097
Per Student
Per Capita
Fixed As- 2 0.238 0.238 0.103 0.011 [0.037,0.439] 2.325 0.020
sets
Construction
Area Per 1 -0.052 -0.052 0.033 0.111 [-0.704,0.600] -0.156 0.876
Student
Classroom
Area Per 4 0.112 0.106 0.045 0.002 [0.201,2.485] 2.485  0.000
Student
Number of
Books Per 5 -0.106 -0.040 0.173 0.030 [-0.445,0.234] -0.610 0.542
Student
Area Per
Student 4 0.222 0.265 0.048 0.002 [0.129,0.315] 4.664  0.000

Note: EQ: Effect Quantity; SEM: Standard Error of Mean.
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not large, so this result needs to be treated with caution.

Regulatory Effect Analysis

According to the above analysis, it is known that heterogeneity exists between samples,
and the source of heterogeneity is not caused solely by sampling errors. This paper ex-
plores possible sources of heterogeneity through the analysis of regulatory effects. In
the meta-analysis literature related to student learning outcomes, moderating variables
are usually selected from research disciplines, research stages, and research areas (Gu &
Hu, 2018; Zheng, et al. 2018; Wang & Hu, 2018). Zhang et al. proposed that subgroup
analysis can also be divided from professional perspectives such as research quality,
design schemes, and statistical perspectives (Zhang, et al., 2015), and the principles of
subgroup analysis and adjusted variable analysis are similar, so this perspective can also
Select the manipulated variable. Therefore, this paper selects seven variables as re-
search subject, research area, research period, research design, research method, docu-
ment type and data type as moderator variables. Because the results of the analysis of
the adjustment effects of human resources input, material resources input, and financial
resources effects of the school are consistent with the overall analysis results, they are
limited in space and only report the analysis results of the overall adjustment effects
(see Table 7).

From the results in Table 7, it can be seen that the research subject (QB =
36.128, p < 0.001), the research area (QB = 9.762, p = 0.045), and the data type (QB =
11.604, P = 0.003) are the main reasons for the difference in the effect amount. There is
a significant difference in the amount of effect between different disciplines. The im-
pact of school resource investment on Chinese and mathematics is significant, and the
amount of effect is 0.171 and 0.123, respectively. It shows that the school’s investment
in resources will increase by one standard deviation. Students ‘language performance
will increase by 0.171 standard deviations, and students’ mathematics performance will
increase by 0.123 standard deviations. Different regional effects are not the same, but
except for the eastern region, the effect amount is not significant. The effect amount of
the results of studies conducted in the central region and the eastern part of the country,
and in the central and eastern parts of the country, shows a positive and significant ef-
fect with the range of [0.081, 0.193].

Robustness Test

After calculating the research results, further publication bias testing and sensitivity
analysis are needed to ensure the reliability of the research results. Publication bias
means that statistically significant positive research results are easier to publish than
statistically insignificant negative research results. If there is a publication bias, the
combined effect amount will be greater than the actual effect amount, so the combined
effect amount calculated in the fifth step needs to be corrected. There are usually two
types of publication bias testing methods: the funnel graph method and the Egger test.
The former determines whether there is a publication bias by checking whether the fun-
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Table 7. Analysis of Regulatory Effects.

Manipulated Variable (Coding) K Qs ES 95% ClI P
Chinese 5 0.171  0.126-0.216  <0.001

Output Mathematics 10 0.123  0.080-0.166 < 0.001

Variable  Science 1 (35452&01) 0.023 -0.016-0.062 0.250

Output ’

eading : -0.044-0. b

(Output Readi 1 0.009 0.044-0.062 0.739
Total 2 -0.048 -0.238-0.143 0.625
Nationwide (N) 1 0.081 0.030-0.132 0.002
Central (M) 2 0.193 0.075-0.310 0.001

Study Area 9.762

(Aera) West (W) 9  (p=004s) 0115 0069-0.160 <0.001
Central and Eastern (EM) 4 0.149 0.100-0.198 <0.001
East (E) 4 -0.043 -0.187-0.102 0.563
Elementary School (P) 8 0.118 0.073-0.164 <0.001

Research 1.365

Section Middle School (S) 11 (F;_O 505) 0.074  -0.038-0.86 0.194

Grade e

( ) High School (H) 1 0.081 0.030-0.132  0.002

Research Quasi-Longitudinal .

Design Research (QL) 12 2551 0.133  0.096-0.171  <0.001

(Study Non-longitudinal research (p=0.110) ) !

Design) (FL) 8 0.042 0.065-0.148 0.444

Resr?acriCh HLM 17 5363 0.113 0.078-0.147  <0.001

Metho _

(Method) ~ OLS 3 (p=0.124) (077 .0.316-0.162 0.529

Literature  papers (J) 15 1949 0.074  -0.009-0.158  0.080

Type -

) Non-Journal Papers (non-J) 5 (p=0.163) (0144 0.093-0.195 <0.001
International data (G) 3 0.019  -0.01-0.047 0.209

Data Large domestic monitoring 11.604 g

S data (C) 15 (P=0.003) 0.097 0.033-0.161  0.003
Self-made experimental data (I) 2 0.193 0.075-0.310 0.001

nel graph is symmetrical, and the latter quantifies the publication bias by intercept. The
funnel chart of the overall impact of school resources input on student performance is
shown in Figure 3. The chart is approximately symmetrical, so there may be no publi-
cation bias, but to ensure the accuracy of the test, an Egger test is also required. Egger’s
test results also showed that there was no publication bias for this meta-analysis result
(B0 =0.043,t=0.016, p1 = 0.494, p2 = 0.987).

Sensitivity analysis refers to whether the results change with the analysis con-
ditions (Xia, 2005). The fail-safe N method is usually used to judge the possibility of
publication bias to change the meta-analysis conclusion (Zeng & Yao, 2018). The larger
N is, the more studies need to be included and the more stable the results. Generally, it
is necessary to increase the sample size to be 5k + 10 or more of the existing sample
size to determine that the result is stable (Rosenthal, 1979). The coefficient of insecurity
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Figure 3. Funnel Chart of the Impact of School Resource Input on Stu-

dent Performance.
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calculated in this study is N = 1,676 (o = 0.050, p < 0.0001), so the conclusion can be
proved to be robust.

Discussion

School Resource Investment Significantly Impacts Stu-
dent Performance

The effect amount of school resources on student performance is 0.093. Since the
standard regression coefficient is used as the effect amount in this study, an increase of
one standard deviation in school resource investment will increase student performance
by 0.093 standard points. It can be seen that the impact of school resources on student
performance is very significant. The results of this study are consistent with the results
of Greenwald et al. regarding 60 studies from the USA, but the results are slightly larger
than those of Greenwald et al. This shows that the effect of Chinese school resource
investment may be greater than that of the United States, and it also shows that the Chi-
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nese school resource investment is relatively insufficient, and the marginal efficiency of
resource investment is still at the marginal increasing stage, and it has not reached the
optimal input level.

The School’s Investment in Human, Financial and Mate-
rial Resources Significantly Affects Student Performance,
and Human Resources are More Effective

This study finds that different resources invested in schools have different effects on
students. Among them, the school’s human resources investment has the best effect,
with an effect amount of 0.121. An in-depth analysis of the impact of various variables
on school human resources input found that teacher experience, teacher education,
teacher qualifications, teacher training, teacher titles, and student-teacher ratios all have
a positive and significant impact on student performance. The research results are con-
sistent, and they all conclude that teachers are the most important factor affecting stu-
dent performance (Hedges, et al., 1994; Hattie, 2015).

Teachers have always been considered to be an important factor affecting stu-
dent performance. Nye et al. found that nearly 7%-12% of differences in student per-
formance are caused by teachers (Nye, et al., 2004). Rowe et al. studied that only
schools with effective teachers can be called effective schools (Rowe & Rowe, 1993).
In addition, Hattie, through a meta-analysis of more than 800 students’ academic
achievements, obtained “teachers” as the main reason for education excellence, and
praised teachers as the “holy grail of teaching” (Hattie, 2015). However, the teachers
that Hattie refers to are not just teachers ‘human capital factors such as their education,
qualifications, and experience, but more influences on teachers’ teaching, such as teach-
ing strategies and teacher-student relations. Therefore, after drawing the conclusion that
teacher resources investment, especially teacher experience, teacher qualifications,
teacher qualifications, teacher training, teacher titles, student-teacher ratios have a posi-
tive impact on student performance, further research on its impact mechanism, namely
teacher human capital, is needed. How do you influence student performance? In the
current research on the relationship between teacher human capital and student
achievement, more attention is paid to whether it has an impact, the degree of influence
and direction, and less attention to whether its impact mechanism is through the influ-
ence of teacher human capital on teacher teaching style and student performance, or
through teaching. Strategies to influence student achievement, or to achieve impact
through other means need further exploration in the future.

The second is financial resources. In the past meta-analysis of investment in
education funding, it was considered that the impact of education funding on student
performance was small. How to use is more important than the amount of funds
(Hanushek, 1989; Hanushek, 2003). Rolle also reached this conclusion, arguing that a
large amount of investment is not necessary, and more importantly, how to use existing
resources more efficiently (Rolle, 2004). In contrast, a series of studies by Hedges et al.
found that educational investment has a positive and systematic impact on student per-
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formance, and thus refutes the view that financial investment has only a limited impact
on student performance (Hedges, et al., 1994; Hattie, 2015). Our results are roughly
consistent with the results of Hedges, which found that the investment of school finan-
cial resources has a positive and significant impact on student performance. However,
in our research, the impact of financial resources input on student performance is not
inferior to human resources, with an effect amount of 0.120, which is only 0.001 lower
than the effect amount of human resource investment. This is slightly different from the
conclusion that Hedges et al found that teachers are more important. The reasons may
be caused by the selected variables and samples, or they may be caused by different
national conditions between China and the United States.

The last is the investment of material resources, with a standardization coeffi-
cient of 0.099, which is less than the effect of the school’s financial and human re-
sources, but the impact cannot be underestimated. In the analysis of input of different
material resources, computer networking rate, fixed assets per student, classroom area
per student, and school area per student significantly affect student performance.

The Effect of School Resource investment Varies by Sub-
ject, Region, and Data Type

From the results of the adjustment effect, it can be found that the effect of school re-
source investment varies in different disciplines and regions. Among them, the subject
of Chinese language and mathematics is more susceptible to impact, while the impact
on other subjects is not significant. There may be two reasons for this research result:
first, the difference caused by the uneven sample size; second, in China, Chinese lan-
guage and mathematics are considered basic subjects, and they often get more education
and teaching resources. Therefore, the impact of changes in school resources input on
mathematics and Chinese subjects is more obvious.

The effect of school resource investment in different regions is also different,
and the effect is better in the western region. The reason may be that, in addition to the
uneven sample size, compared with the eastern region, China’s central and western re-
gions have a slightly lower level of economic development and insufficient economic
strength. In particular, the western region has a weak economic foundation and limited
investment in school resources. In this case, a slight increase in school resource invest-
ment in the central and western regions may produce better results, that is, the marginal
efficiency of school resource investment is higher than in the east. For example, Ling
used the data envelopment method to evaluate the efficiency of China’s urban education
financial expenditure, and found that there is a problem of pure technical inefficiency in
urban education in China, and the pure technical efficiency of the eastern region is low-
er than that of the central and western regions. This shows that although the eastern re-
gion is rich in resources, the utilization efficiency of educational financial resources is
not high and needs to be further improved (Ling, 2015). In recent years, China’s in-
vestment in school resources in the central and western regions has increased signifi-
cantly. The growth rate of financial education funding is significantly higher than that
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in the eastern regions, especially in the poor regions (Yu, 2019). Therefore, we ask
whether the efficiency of school resource utilization is affected by the economic level of
the school’s location, whether the education input has a “ceiling effect”, and the optimal
input level should be an explanation, etc. All these need to be studied further.

Different data sources have different effects on the investment of educational
resources. The effect of international data is the smallest, and the effect of self-edited
data is the highest. This result may be related to the rigor and representativeness of data
compilation. There is a possibility that the self-edited data is not as rigorous as the in-
ternational data and large domestic data, resulting in a high effect amount.

Conclusion and Perspective

Conclusion and Inspiration

This study used meta-analysis to analyze 11 literatures on the impact of Chinese school
resource investment on student performance, a total of 20 effect quantities. The research
results found that: (1) The overall impact of school resources on student performance is
significant (the effect amount is 0.093, p = 0.001), especially in master thesis and doc-
toral dissertation. (2) Compared with material resources, school human resources the
input effect is even better, with affect amounts of 0.121 and 0.120 respectively. The
effect of material resource investment is the lowest, but the impact is also very im-
portant. The effect amount is 0.099. (3) In human resources input, teacher experience,
teacher education, teacher qualification, and teacher training , teacher title, and student-
teacher ratio all have a positive and significant impact on student performance; among
the material resources, computer networking rates, fixed assets per student, classroom
area per student, and school area per student significantly affect student performance. (4)
From a disciplinary perspective, the impact of school resource investment on Chinese
and mathematics is more significant, and from a regional perspective, the impact on
central and western regions is more significant.

Based on the analysis above, we believe that the input of human, material and
financial resources in schools can promote the improvement of student performance.
China’s current investment in school resources is inadequate in terms of human, materi-
al and financial resources. It is necessary to continue to increase, and in the face of ef-
fective educational resources, we should consider how to allocate these resources more
effectively in order to make the development of education better, faster and more bal-
anced. For each school, in the face of limited educational resources, we should consider
how to make more effective use of these resources, and how to make internal school
deployment more effective. Therefore, we believe that China still needs to increase in-
vestment in school resources, especially increase financial resources and investment in
schools in the central and western regions. At the same time, it is necessary to strength-
en the input and allocation of teacher resources, and effectively improve the treatment
of teachers. At the same time, increase teacher training, increase investment in teacher
resources in weak schools and regions, and build a more reasonable and sufficient and
efficient teacher team. On this basis, we should further strengthen the research on edu-
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cation input and output, better grasp the laws, and improve the efficiency of resource
utilization through scientific decision-making, and better promote student development.

Perspective

Because China does not currently have a unified measurement tool for student perfor-
mance, it is difficult to obtain uniform and nationally comparable student performance
data. And the complexity of school-level input data also makes it difficult for research-
ers to obtain this part of the data. Therefore, in this study, the comparability between
results needs to be further discussed. Although they have been standardized, different
measurement tools and different processing methods may still affect the results. In addi-
tion, due to the late start of quantitative research in the Chinese education industry and
the existence of non-standard reports, the number of studies that can be included and the
number of effect sizes are small. Therefore, the results of this study need more research
for further verification.
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