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Abstract: Problem. The frequent introduction of science education (SE) policies aims to enhance the efficiency of re-
source allocation. After seven years of policy implementation, it is essential to assess the actual changes and distinctive
features in the allocation of SE resources at county-level primary schools. Aim. The aim of this study is to reveal
the changing trends in the allocation of SE resources in county-level primary schools and the underlying logic of conver-
gence and divergence in policy effectiveness, using a diachronic comparative method based on 2018 and 2025 county-
level data, and to provide empirical evidence for optimizing resource allocation and promoting high-quality balanced de-
velopment. Methods. This study conducted an investigation using county-level data from 13 regions in Heilongjiang Prov-
ince in China for the years 2018 and 2025. Using data from SE in county-level primary schools, an independent samples
T-test was conducted to analyze the effectiveness of resource allocation for science education. Results. The research find-
ings indicate: (1) textual resources for SE at the county-level have been enhanced; (2) the environmental resources for SE
at the county-level have stabilized; (3) while the quantity of human resources in SE at the county-level has generally in-
creased, regional disparities in quality improvement remain significant; (4) SE in the county schools receives substantial
social support, while improvements in social support for towns and villages schools are less pronounced. Conclusions.
The effectiveness of allocating SE resources in county-level primary schools exhibits both converging and diverging patterns.
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INTRODUCTION Improving Public Scientific Literacy (2021-2035)',
the Notice on Strengthening the Training of Primary
Reasons for research School Science Teachers®, the Opinions on Enhancing

In the new era, science education (SE) has been es- Science Education in Primary and Secondary Schools in
tablished as a strategic cornerstone for enhancing
the scientific literacy of all citizens, cultivating talents in
scientific and technological innovation, and building ! The State Council’s Action on the Issuance of Scientific
a strong educational nation. Since 2021, the Chinese Quality for the Whole People. Notice of the Outline of the Plan
government has successively issued a series of poli- (2021-2035). The State Council The People’s Republic of China.

cies,including the Outline of the National Action Plan for URL: https://www.gov.cn/gongbao/content/2021/content
’ 562305 Lhtm.

? Notice of the General Office of the Ministry of Education
on Strengthening the Training of Science Teachers in Primary
Schools: Teacher’s Office Letter [2022] Ne 10. Ministry
of Education of the People’s Republic of China. URL: http://www.
moe.gov.cn/srcsite/A10/s7011/202205/t20220525_630368.html.
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the New Era’, the Guidelines for Science Education in Primary
and Secondary Schools*, the Opinions on Strengthening Sci-
ence and Technology Education in Primary and Secondary
Schools’. These policies demonstrate a progressive approach,
spanning from macro-level frameworks to operational guide-
lines, from hardware infrastructure to faculty development, and
from single-department initiatives to multi-department collabo-
ration, which signify that China's SE has entered a new phase
characterized by systematic and refined advancement.
However, a significant mismatch persists between
the frequent issuance of policies and the practical challeng-
es in resource allocation. If research remains solely focused
on textual analysis of SE policies while neglecting actual
changes in resource allocation, it may overestimate the ef-
fectiveness of these policies or miss the opportunity to iden-
tify issues in the distribution of SE resources. This study
utilizes county-level data from two time points in 2018 and
2025, and employs a diachronic comparative approach to
examine the effectiveness of SE resource allocation in
county-level primary schools over a seven-year period. This
study reveals the changes and trend patterns in the alloca-
tion of SE resources, identifies the underlying logic behind
the coexistence of convergent and divergent outcomes in
policy implementation, and provides empirical evidence
and theoretical insights for optimizing resource allocation
and promoting high-quality, balanced development in SE.

Literature review

The allocation of SE resources faces structural challenges.
Significant differences exist in the rate of improvement and
degree of balance among different types of SE resources. Textu-
al resources, human resources, environmental resources, and
social support exhibit divergent developmental trajectories with-
in the same policy cycle. The allocation of SE resources exhibits
structural contradictions across different categories. China has
established a collaborative support system for science education,
yet it still faces widespread challenges in areas such as resource
allocation and teacher workforce development®. The structural

3 Opinions of the Ministry of Education and other 18 departments
on strengthening science education in Primary and secondary Schools
in the new era. Education Supervision [2023] Ne 2. The State Council
The People s Republic of China. URL: https.//www.gov.cn/zhengce/
zhengceku/202305/content_6883615.htm.

* Notice of the General Office of the Ministry of Education on
the Issuance of the “Guidelines for Science Education in Primary and
Secondary Schools”: Department of Education Supervision [2025] Ne 1.
Ministry of Education of the People’s Republic of China. URL: http.//
www.moe.gov.cn/srcsite/A29/202501/£20250122 _1176589.html.

> Opinions of the Ministry of Education and other seven
departments on strengthening science and technology education in
Primary and secondary schools: Jiaoji [2025] Ne 7. Ministry of
Education of the People’s Republic of China. URL: http.//www.moe.gov
.cn/sresite/A06/icys jvzb/202511/t20251111 1419878.html.

% Pang Xiaodong et al. China Science Education Development
Report (2025) . Beijing: Social Sciences Academic Press. 2025, pp. 1—
38. URL: https://www.crsp.org.cn/zgkpyjsgb/xsky/xscg/tszz/art/2025/
art_3ce45179bc80435aa7183fb2db38db2d. html.

Pang Xiaodong. Report on Development of China’s science
education (2025). Beijing, Social Sciences Academic Press Publ.,
2025. 38 p. URL: https://www.crsp.org.cn/zgkpyisgb/xsky/
xscg/tszz/art/2025/art 3ce45179bc80435aa7183fb2db38db2d. html

contradictions in the allocation of SE resources manifest in prac-
tical challenges such as a weak teaching faculty, a scarcity of
hands-on activities, and ineffective resource integration [1].
A coordinated multi-stakeholder framework for SE has not yet
been established; the relevant mechanisms remain inadequate,
and a system for jointly developing and sharing SE resources
has not been implemented [2]. The social support system for SE
and the collaborative education mechanism for SE still need
to be further established and improved. Common challenges that
widely hinder the effective implementation of SE in primary
and secondary schools include deficiencies in building high-
quality teaching staff, as well as insufficient provision of science
educational resources such as quality curricula and well-
equipped laboratories [3].

There are regional disparities in the allocation of SE
resources. The allocation of SE resources exhibits a gradi-
ent difference between urban and rural areas in the spatial
dimension. The disparity between urban and rural areas
constitutes one of the most widely discussed focal issues in
research on the allocation of SE resources. There is a signif-
icant disparity in educational resources among schools
within the region, with a clear hierarchical pattern showing
a gradual decline in educational resources from urban areas
to towns and villages. The regional disparities in science
teachers at rural primary schools manifest that disparities
not only in terms of quantity but also in terms of structure
and quality [4]. Rural school SE teachers suffer from insuf-
ficient teaching competence, depleted intrinsic motivation,
and fragmented social support, while their professional de-
velopment mechanisms require further improvement [5].

The proportion of full-time science teachers in rural schools
is low, and the issue of their lack of formal education in science
is particularly prominent. There is an insufficient allocation of
teaching resources such as scientific experimental equipment
and popular science books, and these resources and facilities
generally suffer from functional deficiencies [6]. In some rural
schools, although basic laboratory equipment is available, its
utilization rate remains low, and the number of experimental
courses offered is also limited [7]. The quality of SE in county
schools is often affected by issues such as insufficient laboratory
equipment and a lack of teaching materials [8]. Although
the social support and protection system can facilitate the high-
quality development of SE in rural areas, the level of social sup-
port for SE in rural schools is far from ideal [9].

The evaluation of resource allocation efficiency
needs to be further refined. Establishing and improving
a robust evaluation and monitoring system for the alloca-
tion of SE resources is a crucial guarantee for enhancing
the quality of SE [10]. The existing evaluation framework
for educational resource allocation predominantly focuses
on investments in tangible resources such as teaching facili-
ties and textbooks, while paying insufficient attention to
intangible resources like teachers' professional competence
and teaching methodologies. The actual effectiveness of
educational resource allocation cannot be comprehensively
and accurately reflected in quantitative terms.

Regarding research on evaluating the effectiveness of
SE resource allocation, most studies focus solely on practi-
cal outcomes, lacking coherence and systematic approach.
The theoretical foundations, principles, and indicators for
evaluating the effectiveness of SE resource allocation have
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not received sufficient attention. The evaluation system for
the allocation of SE resources is ambiguous. In order to
assess the effectiveness of SE resource allocation, an evalu-
ation mechanism should be established to measure its out-
comes and provide guidance for the rational distribution of
these resources, and ensure precise and efficient resource
allocation, it is essential to refine the evaluation mechanism
for SE resource distribution and gain a comprehensive un-
derstanding of the actual educational resource needs across
different regions, to establish an integrated evaluation
mechanism for the allocation of SE resources and enhance
the application of evaluation results [11].

In summary, research on the allocation of SE resources
has yielded significant results, providing a crucial foundation
for understanding the development of science education;
however, there remains substantial room for further explora-
tion. From a research perspective, existing studies lack sys-
tematic comparative analyses of various resource types.
From a methodological perspective, existing research lacks
diachronic comparative studies based on two or more time
points. From a theoretical perspective, existing research lacks
in-depth analysis of the driving mechanisms of resource allo-
cation. This study conducts a comparative analysis of
the diachronic changes in the allocation of SE resources,
identifies the distinct characteristics of resource allocation
across different types, and employs educational theory to
elucidate the underlying logic behind the coexistence of con-
verging and diverging outcomes, thereby providing empirical
evidence for optimizing SE resource allocation policies.

The aim of this study is to reveal the changing trends in
the allocation of SE resources in county-level primary
schools and the underlying logic of convergence and diver-
gence in policy effectiveness, using a diachronic compara-
tive method based on 2018 and 2025 county-level data, and
to provide empirical evidence for optimizing resource allo-
cation and promoting high-quality balanced development.

Theoretical Basis and Research Hypotheses

Policies can promote the convergence of resource al-
location efficiency. According to the principle of disadvan-
taged compensation in the theory of educational equity [12],
when policies impose clear rigid constraints, along with a uni-
fied allocation mechanism and effective compensation for un-
derperforming institutions, weaker schools receive additional
resource investments, which enables them to obtain more sup-
port than stronger schools, thereby narrowing the gap between
the two. In the field of science education, policymakers identify
resource gaps across different regions and implement targeted
investments or preferential policies to address these deficien-
cies. Textual resources and other textual materials, as well as
the number of science teachers, are resources subject to highly
stringent policy regulations. Through stringent policy measures,
the state promotes unified textbook procurement, implements
the Special Post Program and the Outstanding Teacher Pro-
gram, enhances mechanisms for high-quality and balanced
supervision and evaluation, and provides compensatory funding
to disadvantaged schools in townships and villages. These
compensatory investments have enabled disadvantaged schools
to improve their resources faster than those in county and city
schools. As a result, while the overall resource scarcity at the
county-level has been alleviated, regional disparities have sig-
nificantly narrowed, indicating a trend toward convergence.

Differences in social capital lead to variations in
resource allocation efficiency. Social capital refers to
the ability of individuals or organizations to acquire various
resources through social networks [13]. During the resource
allocation process, advantaged schools can leverage their
social capital advantages to continuously acquire more re-
sources, thereby accumulating competitive strengths. Due
to a lack of social capital and competitiveness, disadvan-
taged schools are marginalized in resource allocation, lead-
ing to a continuous widening of regional and inter-school
disparities. In the field of science education, a school's so-
cial capital is reflected in its network of relationships with
external stakeholders such as government agencies, univer-
sities, businesses, and communities. County schools take
their geographical advantages, possess richer social net-
work resources, enabling them to access additional external
funding, off-campus facilities, professional guidance, and
training opportunities through these networks [14].
The social networks of township and village schools are
relatively limited and weak, and their ability to obtain so-
cial support is also very restricted, as a result, they often
find themselves trapped in a vicious cycle of accumulating
resource disadvantages.

Compensation approaches lead to convergence and
divergence of allocation efficiency. The survival and de-
velopment of an organization depend on the acquisition of
external resources, and the methods used to obtain these
resources determine the pattern of resource allocation.
To address the uneven resource distribution caused by geo-
graphical disparities, government policy interventions
or social support can be employed to provide resource
compensation to underdeveloped regions and schools.
When resource allocation depends on administrative direc-
tives or rigid policy constraints, the distribution outcomes
tend toward equalization, When resource allocation de-
pends on social support and social networks, the distribu-
tion outcomes tend to become more differentiated. When
the types of resources allocated through policy intervention
are compensable, compensation policies have clear ac-
countability mechanisms, and compensation funds are sus-
tainable, resource allocation in SE across different regions
can more easily achieve balance through compensation.
Social support relies more heavily on schools' own social
networks, geographical advantages, and competitive capa-
bilities, while policy compensation mechanisms struggle to
provide effective coverage. Therefore, counties and cities
can more easily access resources by leveraging their geo-
graphical advantages, social networks, and organizational
capabilities. In contrast, township and village schools, situ-
ated at the periphery of resource-dependent networks, have
relatively limited capacity to access resources. Based on
the above analysis, the following hypothesis is proposed:

H1: Driven by stringent policy measures, SE resources
have shown a trend toward uniform distribution, significantly
narrowing the disparities among schools within counties.

H2: Science educational resources are allocated through
social capital, underdeveloped regions are marginalized,
which will lead to a significant widening of the urban-rural
gap, reflecting a trend of increasing polarization.

H3: The effectiveness of SE resource allocation in coun-
ty-level primary schools exhibits both convergent and di-
vergent patterns.

Evidence-based education studies. 2026. No. 2

41



Yu Haiying, Deng Jinhao, Yuan Xinlei et al. “The hidden concerns of convergence and divergence...”

METHODS

Research methodology

The methodology of this study is grounded in educational
equity theory, resource allocation theory, as well as the Mat-
thew Effect and social capital theory as its theoretical frame-
work. At the core of the principle of disadvantaged compen-
sation in educational equity theory lies the concept of excess
compensation, namely allocating resources to disadvantaged
schools beyond the average level to narrow disparities.
This is achieved through policy interventions (such as target-
ed funding and selective enrollment) that identify and priori-
tize meeting the resource needs of disadvantaged schools.
The core concept of the resource dependence perspective in
resource allocation theory is that the mode of resource acqui-
sition determines the allocation pattern. Its methodology
classifies resource allocation into two types: policy-
dependent (e.g., centralized procurement and planned alloca-
tion) and market-dependent (e.g., social networks and project
competition), analyzing their respective equilibrium and dif-
ferentiation effects. The core concepts of the Matthew Effect
and social capital theory are advantage accumulation and
network position disparity. The methodology involves com-
paring the standard deviation changes across different
resource types to determine whether the gap between advan-
taged schools and disadvantaged schools in competitive
resources such as social support and external collaboration is
widening. This study employs the concepts and methods
outlined above to establish an analytical framework that inte-
grates both the policy rigidity and market mechanism per-
spectives. By conducting a longitudinal comparison of data
from two county-level regions in 2019 and 2025, it examines
the patterns of convergence and divergence in the allocation
of scientific and educational resources.

Data source

This study conducted two surveys in county-level schools
across 13 regions of Heilongjiang Province in China in 2018
and 2025, using the same questionnaire each time. The initial
survey distributed 400 questionnaires, with 398 valid respons-
es collected. In the second survey, 400 questionnaires were
distributed, and 358 valid responses were collected. A stratified
sampling method was employed for the research subjects.
The participants in the research were primarily full-time and
part-time science teachers from county-level primary schools,
as well as teachers who are more familiar with science educa-
tion. According to the 2018 data, there were 126 male teachers
(31.7%) and 272 female teachers (68.3 %). Among them,
179 were from counties (45 %), 185 from towns (46.5 %),
and 34 from villages (8.5 %). According to the 2025 data, there
were 92 male teachers (25.7 %), and 266 female teachers
(74.3 %). Among them, 176 were from counties (49.2 %),
159 from towns (44.4 %), and 23 from villages (6.4 %).
The survey questionnaire adheres to the principle of anonymi-
ty; all participants were fully informed of the survey content
and participated voluntarily.

Research tools

The questionnaire was designed around four dimensions
of science education: textual resources, environmental re-
sources, human resources, and social support. The text

resource comprises five assessment items: (1) the availabil-
ity of the Science textbook, (2) the availability of the Sci-
ence student activity booklet, (3) the availability of Science
teaching aids, (4) the availability of the Science teacher's
guide, (5) and the status of the school-based curriculum for
the Science course. The environmental resources section
comprises three items: (1) the laboratory conditions of the
school's Science curriculum, (2) the availability of experi-
mental materials and equipment in the Science laboratories,
(3) and the online teaching resources for the Science curric-
ulum. The human resources section comprises two items:
(1) the number of full-time and part-time teachers teaching
the Science course; (2) whether the Science course instruc-
tors have a formal background in science education.
The social support section comprises five items:
(1) funding for external support in Science instruction;
(2) the location of Science classes outside the school
premises; (3) professional guidance received by Science
teachers; (4) opportunities for professional development
for Science teachers; (5) and the involvement of external
volunteers as teaching assistants for Science classes.
Each item across all dimensions is designed using
the five-point Likert scale scoring system, from 1 to 5,
the higher the number, the lower the degree.

The Cronbach's Alpha coefficient for the 2018 ques-
tionnaire was 0.887. The model fit indices are as follows:
X2/DF=2.336; NFI=0.930; RFI=0.910; IFI=0.959;
TLI=0.947; CFI=0.958; RMSEA=0.058; SRMR=0.0463.
The Cronbach's Alpha coefficient for the 2025 question-
naire was 0.884. The model fit indices are as follows:
X2/DF=2.186; NFI=0.932; RFI=0.910; IFI=0.962;
TLI=0.949; CF1=0.962; RMSEA=0.058; SRMR=0.0608.
The questionnaire met the basic requirements for all indica-
tors over the two-year period, demonstrating good reliabil-
ity and validity. The test of measurement invariance for SE
data from county-level primary schools in 2018 and 2025
revealed that the morphometric equivalence model fit well
and is applicable across time periods. The weak equiva-
lence test result |JACFI|=0.008 (<0.01), demonstrating that
the measurement tool maintains validity across time.

Data analyse

The reliability and validity of the questionnaire were
analyzed using SPSS 20.0 and AMOS 22.0. The effective-
ness of SE resource allocation in county-level primary
schools was primarily analyzed using the independent sam-
ples T-test.

RESULTS

The textual resources for SE at county-level
have been improved

There are significant annual variations in textual re-
sources for SE at county-level. The overall mean value of
textual resources decreased from 2.37 in 2018 to 1.98 in
2025, resulting in a mean difference of -0.385 (Table 1).
The overall quality of textual resources in 2025 has shown
a significant improvement compared to 2018. Over the
pastseven years, the school has made significant progress in
developing its overall textual resources. The mean values
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for schools in different locations in 2025 were all lower
than those in 2018, indicating an overall improvement in
the quality of textual resources. County schools have shown
the most significant improvement in their textual resource
quality. The textual resources in town schools have also
improved, but the extent of improvement was the smallest
among the three regions. The textual resources for village
schools have also been significantly enhanced. Between
2018 and 2025, textual resources across all types of schools
demonstrated a positive developmental trend (Fig. 1).
Schools in the counties showed the most remarkable pro-
gress, while schools in towns and villages also achieved
significant growth.

The environmental resources for SE at the county-level
have stabilized

The allocation of environmental resources for SE re-
mains relatively stable at county-level, with no substantial

improvement or deterioration observed. The mean value of
the overall environmental resource sample was 2.73 in 2025
and 2.69 in 2018, with a mean difference of 0.048
(Table 2). By 2025, the overall environmental resource lev-
els will show a slight decline compared to 2018, though this
change does not reach statistical significance. The environ-
mental resources of county schools have shown slight im-
provement, but no significant difference has been observed.
The environmental resources in town schools have shown
a certain degree of degradation, with significant findings in
the assessment results. Although village school conditions
have shown an improving trend, the differences remain
insignificant. Between 2018 and 2025, there were no signif-
icant changes in the school's overall environmental
resources. The environmental resources of town schools
have shown a statistically significant decline, dropping
from the regional top position in 2018 to the second-best
position by 2025 (Fig. 2). Although village schools have

Table 1. Annual comparative analysis of textual resources from different school locations
Taonuya 1. Esce200ublil CpagGHUMENbHbII AHATU3 MEKCMOBbIX PECYPCOB 8 WKOLAX U3 PASHBIX MECH PACHONONCEHUS]

Sample source Year N M SD MD t p
2025 358 1.98 0.692
Total —0.385 =7.207 0.000%**
2018 398 2.37 0.777
2025 176 1.84 0.638
County —0.532 —7.140 0.000%**
2018 179 2.37 0.763
2025 159 2.10 0.709
Town —0.199 —2.497 0.013*
2018 185 2.30 0.759
2025 23 2.30 0.746
Village —0.446 —2.023 0.048*
2018 34 2.74 0.859
Note. * p<0.05; *** p<0.001.
Tpumeuanue. * p<0,05; *** p<0,001.
2.8 Year
— 2025
n 2.6 2018
Y
e
E]
0 247
N
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Fig. 1. Annual differences in text resources among schools in different locations
Puc. 1. Ejceco0uble paznudus 6 MeKCmogblx pecypcax Cpeou UKOL 8 PA3HbIX MeCHax pacnoloNiCeHus.
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Table 2. Annual comparative analysis of environmental resources from different school locations
Taonuya 2. Esce200nblil CpAGHUMENbHbLI AHALU3 CPEOOBBIX PECYPCO8 8 WKOLAX U3 PASHBIX MECH PACROLONCEHUSL

Sample source Year N M SD MD t p
2025 358 2.73 0.878
Total 0.048 0.759 0.448 ns
2018 398 2.69 0.849
2025 176 2.67 0.913
County —0.037 —0.386 0.699 ns
2018 179 2.71 0.901
2025 159 2.76 0.861
Town 0.174 1.973 0.049*
2018 185 2.59 0.771
2025 23 3.01 0.663
Village —0.084 —0.392 0.696 ns
2018 34 3.10 0.863

Note. * p<0.05, ns — not significant (p>0.05).

Ipumeyanue. * p<0,05; n.3. — He a81aemca cmamucmudecku sHauumvim (p>0,05).

shown slight improvements, they still rank at the lowest
level among the three regions; county schools, however,
have remained relatively stable.

County SE workforce quantity increased,
but quality varies regionally

The allocation of human resources for SE at county-
level has shown an overall improvement trend; however,
there is a notable urban-rural disparity in both the magni-
tude of improvement and statistical significance.
The mean value of total human resources decreased from
3.25 in 2018 to 2.92 in 2025, the statistical results
reached a significant level (Table 3). County schools
showed the greatest improvement in human resource
development, reaching a significant level. There has
been a slight improvement in human resources in town
schools, However, the extent of improvement is limited
and not reached a significant level. The improvement of
human resources in village schools was greater than that
in town schools, although the test results did not reach
statistical ~significance. Between 2018 and 2025,
the overall quality of human resources in SE has signifi-
cantly improved (Fig. 3 a). However, the urban-rural gap
exhibits a trend of increasing divergence at the statistical
significance level. The number of science teachers in
counties, towns, and villages has shown a clear upward
trend, with the urban-rural gap narrowing (Fig. 3 b).
However, the question of whether teachers have a formal
academic background has only seen significant im-
provement at the county schools. The schools in towns
and villages have not shown significant improvement
over time, and the situation in these areas has actually
worsened (Fig. 3 c).

County schools receives substantial social support,
but towns and rural are less pronounced

The overall level of social support received at county-
level shows a significant improvement trend, though

the extent of such support varies between urban and rural
areas. The mean value of social support decreased from
4.06 in 2018 to 3.71 in 2025, resulting in a mean difference
of —0.348, the statistical results reached a significant level
(Table 4). This indicates that social support for SE is show-
ing an improving trend. The improvement rates across dif-
ferent regions and their statistical significance differences
are markedly distinct. County schools have shown the most
significant improvement in receiving social support,
demonstrating a clear upward trend. Social support for town
schools has remained largely stagnant over the past seven
years. The village school performance shows an improving
trend, though not at a statistically significant level. Between
2018 and 2025, the overall level of social support for the
school has significantly improved. County schools showed
the greatest improvement (Fig. 4); the increase in social
support received by town schools has been relatively small;
although there are signs of improvement at the village
schools, the progress is not significant.

DISCUSSION

Resource allocation efficiency shows policy-institutional
convergence

The policy and institutional convergence in the effec-
tiveness of SE resource allocation is primarily reflected
in the equilibrium of baseline standards. Research data
indicate that substantial progress has been made in
the allocation of SE resources over the past seven years.
This improvement is universal, textual resources, human
resources, and social support all showed statistically sig-
nificant improvements. The allocation of SE resources in
primary schools exhibits a notable trend toward uniformity,
which is consistent with existing research findings [15].
This is attributed to the excessive compensation policy in-
tervention under the principle of disadvantaged compensa-
tion within the theory of educational equity. This confirms
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Fig. 3. Annual differences in human resources across schools in different locations:
a — overall differences; b — number of science teachers; ¢ — formal academic background of science teachers
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Table 4. Annual comparative analysis of social support from different school locations
Taonuua 4. Edsiceco0mnvlil cpasHUmMenbHblll AHAIU3 COYUATLHOU ROOOEPHCKU WIKOL U3 PASHBIX MECH PACNONONCEHUSL

Sample source Year N M SD MD t p

2025 358 3,71 0.858

Total —0.348 —6.124 0.000%**
2018 398 4,06 0.680
2025 176 3,51 0.821

County —0.584 —7.385 0.000%**
2018 179 4,10 0.657
2025 159 3,91 0.878

Town —-0.109 -1.270 0.205 ns
2018 185 4,02 0.689
2025 23 3,83 0.646

Village —0.224 —1.156 0.253 ns
2018 34 4,06 0.762

Note. *** p<(.001,; ns — not significant (p>0.05).
Tpumeuanue. *** p<0,001, n.3. — ne sensemecs cmamucmudecku 3navumvim (p>0,05).
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the validity of Hypothesis 1: Driven by stringent policy
measures, SE resources have shown a trend toward uni-
form distribution, significantly narrowing the disparities
among schools within counties.

When facing external regulatory pressures, organiza-
tions tend to adopt convergent behaviors to gain legitimacy
[16]. The improvement of textual resources, human re-
sources, and social support is essentially the result of rigid
national policy incentives. The rigid constraints of the na-
tional compulsory education curriculum framework,
the indicator-based evaluation system for balanced devel-
opment supervision, and the sustained implementation of
teacher recruitment policies such as the Special Post Pro-
gram collectively create a synergistic institutional impetus.
Regardless of whether the school is located in a county,
town, or village, it must meet the minimum standards for
basic resource allocation. Through the uniform allocation
of policy frameworks, fundamental aspects such as text-
book provision, laboratory infrastructure development, and
teacher staffing have achieved convergent improvements
across regions. This convergence reflects the effectiveness
of policy rigidity in narrowing regional disparities at
the baseline level. However, this convergence primarily
manifests in hard quantitative metrics, representing compli-
ance-driven improvements driven by administrative direc-
tives rather than the organic growth of schools' intrinsic
developmental capabilities.

Resource allocation efficiency demonstrates
organizational differentiation

The organizational differentiation in the effectiveness
of SE resource allocation manifests as a gradient pattern in
resource distribution. Amid the overall convergence of SE
resources, distinct regional disparities have emerged. Tex-
tual resources in town schools have shown the smallest
improvement. The environmental resources have shown
significant degradation. The gap in human resources be-
tween urban and rural areas is widening. The level of social
support for town schools has declined from being regional-
ly leading to being relatively lagging. The allocation of
educational resources exhibits a distinct gradient differenti-

ation [17]. The SE resources in county schools are accumu-
lating positively; town schools are in a state of insufficient
improvement; although village schools receive minimum
policy support, their actual performance levels remain con-
sistently low. This is consistent with existing research find-
ings [18]. The emergence of this urban-rural gap can be
attributed to the Matthew effect and the social capital theo-
ry, specifically the concepts of advantage accumulation and
network position disparity. This confirms the validity of
Hypothesis 2: Science educational resources are allocated
through social capital, underdeveloped regions are margin-
alized, which will lead to a significant widening of the ur-
ban-rural gap, reflecting a trend of increasing polarization.

The disparity in the effectiveness of SE resource alloca-
tion reflects, over time, the differences in organizations'
capacity to transform resources. The implementation of
institutional frameworks can enforce the physical presence
of SE resources, yet fails to ensure their effective function-
ing. County schools possess organizational mechanisms to
transform external resources into internal capabilities. For
example, there is a teaching and research team dedicated to
developing school-based curricula, and sufficient funding
for updating laboratory consumables. Due to the non-
professional nature of their organizational structures,
schools in towns and villages face obstacles in transforming
educational resources. The divergent outcomes of this re-
source allocation reveal the inherent limitations of
the equalization strategy. In other words, once resource
allocation exceeds the critical threshold, the school's organ-
izational capacity becomes the decisive factor determining
allocation effectiveness, rather than the quantity of re-
sources provided.

There exist structural tensions in the allocation
of SE resources

The effectiveness of SE resource allocation exhibits
structural tensions, manifested in the coexistence of both
homogenization and differentiation in resource distribution.
The convergence in the effectiveness of SE resource alloca-
tion is primarily reflected in the institutional resources uni-
formly distributed by the state [19], such as textbooks,
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standardized laboratory hardware, etc. Due to policy pres-
sures and fiscal coordination, various types of schools have
aligned their minimum standards. The differentiation is
most pronounced in generative resources that rely on
schools' autonomous capabilities, such as replenishing and
updating experimental consumables, recruiting and retain-
ing qualified teachers, and establishing social support net-
works. The hierarchical disparities in school organizational
capabilities result in varying levels of resource accumula-
tion. This aligns with previous research findings that fun-
damental resources tend to converge while developmental
resources diverge. This phenomenon stems from the re-
source-dependency perspective in resource allocation theo-
ry, whereby the method of resource acquisition determines
the distribution pattern. This confirms the validity of Hy-
pothesis 3: The effectiveness of SE resource allocation in
county-level primary schools exhibits both convergent and
divergent patterns.

Convergence and differentiation are symbiotic outcomes
of scientific education resource allocation mechanism.
While the institutional framework ensures compliance
with baseline standards, its standardized and uniform
nature also restricts schools' autonomy in development.
After the school passed the standardization evaluation,
the pressure for legitimacy was alleviated; however, due to
a lack of internal capacity, the school faced challenges
in sustaining and updating its resources. Therefore, the ul-
timate goal of educational resource allocation is not
to achieve equal access to resources, but to enhance
schools' capacity to transform resources effectively.

Policy Recommendations from the Study

Strengthen the full-cycle governance to ensure their
operation and maintenance. The research data reveal
a profound structural dilemma: improvements in resource
allocation heavily rely on the concentrated implementation
of policy-driven projects, yet their sustainability after pro-
ject completion is severely inadequate. The environmental
resources of rural schools as an example, a statistically sig-
nificant deterioration was observed by 2025, it reveals
the dilemma of insufficient post-investment operation and
maintenance after the initial investment. Current allocation
of SE resources is concentrated at specific time points. Sub-
sequent maintenance, updates, and transformation lack in-
stitutional safeguards. To address this issue, county-level
authorities need to strengthen the paradigm for comprehen-
sive, full-cycle governance of SE resources. Establish
a lifecycle management system for SE resources. First, dur-
ing the configuration phase, clearly define the depreciation
cycles and renewal criteria for each type of resource.
Secondly, during the operation and maintenance phase,
the resource maintenance funds are allocated separately
from the school's general operating budget, ensuring
dedicated use and annual auditing. Furthermore, estab-
lish a county-level mechanism for recycling and reallo-
cation of idle resources during the exit phase. Transform
resource allocation from a one-off political task into
a routine governance function.

Establish differentiated allocation standards and
precise support solutions. The regional comparison of SE
resources exhibits a highly consistent distribution pattern.

That is, schools in the county have achieved comprehensive
leadership with significant improvements, the village
schools remain under-resourced but receive support under
the minimum education guarantee policy, and the improve-
ment in resources at town schools has been relatively lim-
ited. To bridge this gap, county-level need to establish a
new paradigm for resource allocation that ensures a bal-
anced gradient distribution. Given the objective disparities
in resource foundations, organizational capacities, and de-
velopmental needs among schools across different regions,
it is essential to establish differentiated tiered allocation
standards and support strategies [20]. First, for county
schools, the focus of resource allocation should shift from
hardware supplementation to enhancing educational quality,
supporting them in conducting curriculum innovation and
teaching reform experiments. Secondly, for town schools, a
targeted support program will be implemented to address
key shortcomings, including the replenishment of labora-
tory consumables, recruitment of qualified teachers, and
the establishment of social support networks. Further-
more, for village schools, explore alternative configura-
tion models tailored to their small-scale characteristics,
utilizing mobile equipment, itinerant teaching services,
and digital resources instead of standardized facilities
and full-time staff. Gradient-based equity replaces uni-
form fairness with differentiated fairness, ensuring that
each type of school receives resource support tailored to
its developmental needs.

Implement a transformative three-dimensional
monitoring system. Current assessments of resource allo-
cation effectiveness primarily rely on possessive indica-
tors of ownership, while insufficient attention is paid to
transformative indicators concerning usage methods and
outcomes. The physical existence of resources does not
automatically translate into educational benefits. To en-
hance the effectiveness of SE resource allocation in coun-
ty-level primary schools, it is essential to establish and
refine a transformative evaluation system. Develop a sci-
entific evaluation module for assessing the effectiveness
of educational resource transformation within the county-
level education quality monitoring system [21]. First, es-
tablish metrics for resource utilization frequency, such as
the weekly usage rate of SE laboratories and the number
of times the off-campus facility is used per semester, etc.
Secondly, establish in-depth indicators for resource inte-
gration, such as the alignment between scientific teaching
aids and curriculum content, and the rate of applying what
teachers have learned from training in classroom practice.
Third, establish indicators for measuring resource output
effectiveness, such as the breadth and depth of students'
participation in scientific inquiry activities, and the trends
in teachers’ sense of efficacy in science instruction. Simul-
taneously, establish an early warning mechanism for
resource allocation effectiveness, initiating diagnostic
supervision and targeted interventions for schools that
consistently fall within the alert range. Through transfor-
mational evaluation, it becomes clear that the fundamental
purpose of educational resource allocation is not the mere
quantity of resources possessed by schools, but rather
the achievement of educational objectives through
the effective utilization of these resources [22].
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Limitations and future studies

This study is based solely on data from two time points
in 2018 and 2025, and thus cannot capture the dynamic
changes in resources over the seven-year period. Through
diachronic comparison, the study revealed the trend charac-
teristics of resource allocation effectiveness and explored
its underlying causes via theoretical analysis; however, it
failed to establish rigorous causal inferences. Given these
limitations, future research should focus on tracking chang-
es in students' scientific literacy and examining the actual
impact of resource allocation on educational outcomes;
deepen case studies to reveal the micro-level mechanisms
underlying resource allocation evolution; and conduct in-
ternational comparative studies to draw lessons from devel-
oped countries' experiences in SE resource allocation,
thereby establishing a regular monitoring mechanism for
such resource allocation.

CONCLUSIONS

The effectiveness of allocating SE resources in county-
level primary schools exhibits both converging and diverg-
ing patterns, reflecting both the effectiveness of policies
and highlighting the profound challenges inherent in re-
source distribution. The convergence of textual resources
and human resources between urban and rural areas demon-
strates the effectiveness of policy rigidity in promoting edu-
cational equity. For example, the overall average value of
text resources decreased from 2.37 in 2018 to 1.98 in 2025,
with a mean difference of —0.385 (p<0.001). The urban-
rural divergence in social support and the stagnation of en-
vironmental resources demonstrate the applicable limits of
the vulnerability compensation principle in the field of sci-
ence education. As observed above, the level of social sup-
port received by county schools decreased from 4.10 in
2018 to 3.51 in 2025, while that for town schools remained
consistently around 4 throughout the seven-year period.
This study provides precise targets for optimizing policies
on the allocation of SE resources and offers a reference for
identifying priority intervention areas.
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Annomauusn: TIpo6aema. Yactoe BHEAPCHUE MOJUTUK B chepe €CTCCTBEHHOHAYYHOTO OOpa30BaHHUS HAIPABICHO

Ha TOBBIMIEHUE 3Q(PEKTHBHOCTH pacIpeaesieHus pecypcoB. CIyCTs CeMb JIET MOCIe pealnu3aliil MOJUTHKHA Heo0X o-
JIUMO OLIEHUTHh (DAKTUYSCKUE U3MEHECHHS U OTIMYUTENIbHbIE 0COOCHHOCTH B PACIpE/IEICHUH PECypCoB B cdepe ecTe-
CTBEHHOHAYYHOTO 00pa30BaHUs B HadaldbHBIX WIKOJaX Ha ypoBHe ye3moB. Lleasn. Llenb maHHOrO MCCIENOBaHUS —
BBISIBUThH TCH/ICHI[UH U3MEHEHUI B paclpeielieHHH PECYpPCOB B cepe eCTECTBEHHOHAYYHOTO 00pa30BaHUs B YE3IHBIX
HAYalbHBIX MIKOJAX U JICKAIIYI0 B MX OCHOBE JIOTUKY KOHBEPIEHIMH U JUBEPreHIHU B 3()(HEKTUBHOCTH MONHUTHKH,
WCIIONB3Ysl NTHAXPOHUUECKHI CPaBHUTEIBHBIA METOJ]] Ha OCHOBE JaHHBIX 1Mo ye3aam 3a 2018 u 2025 rompl, a Takke
NPeJOCTaBUTh IMIIUPHUECKHE TOKA3aTEeIbCTBA ISl ONTUMHU3AILUHU PACIIPE/ICIICHUs PECYPCOB U COACHCTBHS BHICOKOKA-
YECTBEHHOMY COaJaHCHUPOBAaHHOMY pa3BuTHIO. Mertoabl. B 1gaHHOM HCClIeZIOBaHUM HCIIONB30BAIUCH JaHHBIC
no 13 paitfonam npoBuHIUK X3inyHn3stH (Kutaii) 3a 2018 u 2025 roxsl. Ha ocHOBE TaHHBIX O €CTECTBEHHOHAYYHOM
00pa3oBaHMU B Ye3AHBIX HAYaNbHBIX IKOJaX ObUI MPOBEIEH HE3aBUCHUMbIN t-TECT IUIsl CPAaBHEHHS BBIOOPOK C IEJBIO
aHanu3a 3G GeKTUBHOCTH pacIpeliesieHus peCypcOB Ha €CTECTBEHHOHAay4YHOe oOpazoBaHue. Pe3yabTarbl. Pe3ynbrars
HCCIICAOBAaHMs MOKa3bIBatOT: (1) TEKCTOBBIC pecypchl ISl €CTCCTBEHHOHAYYHOTO 0Opa30BaHHs Ha yE3THOM YPOBHE
OBLITH yITy4IICHBI; (2) CPENOBBIC PECYPCHI IS €CTECTBEHHOHAYYHOI'0 00pa30BaHus HA Ye3THOM YPOBHE CTAOMIH3UP O-
BaJIACh; (3) XOTSA KOJUYECTBO KAJPOBBIX PECYPCOB B €CTCCTBCHHOHAYYHOM 00Opa30BaHHWH Ha YPOBHE ye3l0B B IEJIOM
YBEIUYHIIOCH, PErHOHABHBIC PA3]IMYMs B MOBBIIICHUU Ka4ECTBa OCTAIOTCS 3HAYUTEIbHBIMU, (4) €CTCCTBEHHOHAY Y-
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HOe 00pa3oBaHMe B YE3AHBIX NIKOJIAX MOJy4YaeT CYIIECTBEHHYIO COIMANBHYIO TOIIEPKKY, TOrIa KaK yAydlIieHHe CO-
IHATBHOHN MOJAEPKKHA B TTOCEITKOBBIX M JEPEBEHCKHUX IIKOJaX MEHee BhIpakeHO. BriBoabl. D PeKTHBHOCTH pacmpe-
JIEJICHUS] peCypCoOB B cpepe eCTECTBEHHOHAYTHOTO 00pa30BaHUsA B YEe3MHBIX HAYaJIbHBIX IIKOJIAX JEMOHCTPUPYET KaK
KOHBEPTCHTHEIC, TaK U TUBEPTCHTHHIE 3aKOHOMEPHOCTH.

Knrouesvie cnosa: ye3qHBI YpOBEHB; €CTECTBEHHOHAYYHOE 00pa30BaHUE; pacHpeneseHne pecypcoB; KOHBEPTEH-
[UST; THBEPTCHITUS

brazooapuocmu: ViccienoBaHue BBINOJHEHO MPHU TOJACPKKE KPymHOro mpoekrta «McciemoBaHue MHHOBAIMNA
U npakTuku Kwuraiicko-Poccuiickoro BHPTYaJdbHOTO Y4eOHO-HCCIIEIOBATECIBCKOTO IEHTPA MOATOTOBKU YYHTEICH»
B pamkax [IporpaMMel ucciaenoBanuii peopmsl BeICIIET0 00pa3oBaHus MpoBHHIMK X3nyHI3sH Ha 2024 ron (['paHT
Ne SJGDB2024008).

Jna yumuposanus: Xaiinu IO#, Lzunpxao [IpH, Cunbiii O0aub, Lsapwky MHb. CKpBITHIE TPOOIEMBI KOHBEPTEHIMH
U JUBEPreHNUU B 3QPEKTUBHOCTH PACHPEACICHHS PECYPCOB B chepe €CTECTBCHHOHAYYHOTO OOpa30BaHUS B HAYaJIbHBIX
IIKOJIaX Ha YPOBHE Ye3/I0B: IHAXPOHUYECKOE CpaBHEHHE Ha OcHOBE NaHHBIX Kuras 3a 2018 u 2025 roxst // Jloka3arenpHas
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