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Abstract: Drawing on the theory of biomechanics, this study explores the mechanism of
promoting precision poverty alleviation through education informatization. Precision poverty
alleviation is at the core of China’s poverty reduction strategy, addressing the root causes of
poverty through targeted interventions. Under this framework, education informatization has
become a key tool for bridging systemic inequalities by enhancing the quality and equity of
education through information technology. From basic digital construction to the deep
integration of big data, cloud computing and artificial intelligence, education informatization
has made remarkable progress. Analogous to how biomechanical systems optimize force
transmission and movement efficiency, it showcases great potential for the optimal distribution
of educational resources, enhancing access to education in impoverished regions, and fueling
long-term socio-economic progress. However, its role in rural and underdeveloped areas still
faces many challenges. Viewing education informatization as a dynamic “biomechanical
structure” and borrowing concepts like structural adaptation, load optimization, and
connectivity from biomechanics, we posit that big data technology, acting as a “biomechanical
signal”, can precisely pinpoint needy students and allocate educational resources adeptly, much
like how forces are coordinated in a mechanical system. Based on the fuzzy breakpoint
regression model and fixed-effects analysis of CFPS (China Family Panel Studies) data, the
study finds that education informatization significantly improves the subjective well-being,
health care, and employment outcomes of rural families. This study highlights the innovative
role of education informatization in enhancing resilience, equity, and resource efficiency
through the synergy of technological evolution and policy adaptation, providing a new
perspective on precision poverty alleviation.

Keywords: educational informatization; biomechanics; precision poverty alleviation; digital
ecosystems

1. Introduction

In nature, biological systems adapt to complex environments through evolution,
thereby maintaining the survival and reproduction of populations. The core of this
process lies in the transmission of genes and the optimized allocation of resources,
ensuring efficient energy flow and balance in the ecosystem [1-3]. The education
system and biological system share similarities to some extent—both are complex
networks that rely on information transmission and optimized resource allocation to
achieve system goals. When education is used as the core tool for targeted poverty
alleviation, this analogy is particularly prominent [4—6].

Educational informatization can be seen as a dynamic ‘educational ecosystem’,
whose development and optimization process is similar to the evolutionary mechanism
in biological systems. Big data technology plays a key role in it, similar to the “genetic
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material” in biology, promoting the precise dissemination of information and the
intelligent allocation of resources. Just as biological evolution needs to cope with
environmental pressures and resource scarcity, educational informatization also needs
to address the major challenge of social inequality through the synergy of technology
and policies [7-9].

The construction of a data system for poor students has many positive
implications. Firstly, it can ensure that education authorities at all levels monitor and
pay attention to the learning and living conditions of poor students in a timely manner,
and improve the level of their work. Secondly, it can provide the possibility of keeping
long-term data on poor students, and at the same time provide theoretical and data
support for poverty alleviation through in-depth analysis of the data. Thirdly, the
implementation of a big data system can successfully raise the bar for poverty
alleviation efforts by facilitating oversight and accountability of all societal sectors
and encouraging openness and transparency in the process [10].

As education progresses, teachers are in a fundamental position. Therefore, in the
process of promoting the informatization and modernization of education for poverty
alleviation, we should not only take students as our service targets, but also provide
high-quality information resources for teachers. Firstly, it is necessary to enhance the
ability of teachers to use information technology, in order to establish a framework for
the eventual advancement of education’s digitization for the purpose of reducing
poverty. Secondly, we should also collect and analyze data for teachers, and use the
Internet as a basis to launch targeted training for teachers in order to improve their
teaching ability [11].

At the same time, big data analysis has also brought many challenges to the work
of poverty alleviation: massive data make data analysis time-consuming and energy-
consuming, and it is difficult to provide timely scientific references for decision
makers of poverty alleviation; multi-dimensional data of poverty alleviation behavior
lead to “dimensional disaster” in data mining, and the validity and credibility of the
analysis conclusions are reduced; there is a contradiction between traditional statistical
analysis methods on the basis of a priori assumption and big data analysis thinking
emphasizing the prediction of the future, which requires further coordination. There is
a contradiction between the traditional statistical analysis based on a priori
assumptions and the big data analysis thinking that emphasizes the prediction of the
future, which needs to be further coordinated, resulting in a great deal of changes to
the way poverty alleviation is approached, organized, and conceptualized [12].

2. Empirical model, data sources and variable selection

2.1. Breakpoint regression model

In the modeling process, this paper takes into account the fact that in the practice
of poverty alleviation in rural China, local governments follow the principle of
“consultation by village representatives on the basis of income assessment” when
accurately identifying poor households, i.e., through the democratic consultation of
villagers’ representatives, poor households are accurately identified on the basis of the
income poverty line, and comprehensively identified by considering welfare factors in
addition to the income poverty line. Welfare factors other than the income poverty line
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are also taken into account for comprehensive identification. Specifically, this paper
considers the welfare factor of “two no worries, three guarantees” for comprehensive
identification. In fact, due to the introduction of villagers” democratic evaluation, the
identification of poor households may result in households with income higher than
the poverty line being incorrectly identified as poor households and thus enjoying the
precise poverty alleviation policy; at the same time, it may also be affected by external
factors such as ineffective or unfair implementation by the grassroots government,
which results in some households with income lower than the poverty line not being
identified as poor households [13]. In view of the above problems, this paper adopts
the fuzzy breakpoint regression (FuzzyRD) method to identify whether a household is
poor or not through the poverty line criterion. In addition, the estimation method in
this paper draws on the model setup of Brollo et al. and uses two-stage least squares
(2SLS), which is equivalent to instrumental variable (I1V) estimation [14]. Specifically,
the estimation of FuzzyRD can be achieved by either the non-instrumental-variable
instrumental-variable (IV) method or the parametric 2SLS method, which are
equivalent to both estimation methods. The specific model setup is as follows:

D; =6+ AT; + g(2;) + oXi + Wit (1)
Yie = a+ BD; + f(z;) + vXie + €t (2)

where Y"tis the outcome variable of interest in this paper (residents’ subjective well-
being) and B is the pro-poor policy effect to be estimated in this paper. One-stage and

two-stage regression expressions are found in Equations (1) and (2), respectively. Zi
denotes household per capita income, which is standardized as the driving variable,
specifically the difference between the household per capita income and the breakpoint

(the poverty line criterion). 9 ang [ (70 gre polynomial functions of “. Ti=1

(per capita income below the poverty line criterion) denotes the per capita income
criterion based on which the identified Precision Poverty Alleviation Eligibility
(Identification Rule), i.e., individuals under the income poverty line criterion are
eligible to participate, but it does not indicate that they have actually been aimed as

poor households. Conversely, T;=0 (per capita income above the poverty line

criterion). D; is the treatment status variable, D; = 1is the poor households targeted by

precision poverty alleviation, which means that the farmers who enjoy the precision
poverty alleviation policy enter the treatment group, otherwise they enter the control
group. In the FuzzyRD analysis, T; is the instrumental variable for the treatment status
D;. X;, is the control variable, and yu;, and &;, are both residual terms.

Due to the special causal inference approach of the FuzzyRD method, whether or
not control variables are added to the model does not have a substantial impact on the
results, however, when the control variables violate the exogeneity assumption or
when the control variables have a linear effect on the driver variables, adding control
variables may instead lead to biased or inconsistent estimation results [15]. In this
paper, the above factors are taken into account when choosing control variables and
further justified in the robustness section. In the empirical estimation, the FuzzyRD
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regression parameters are sensitive to the selection of bandwidth, and the estimation
results of different bandwidths may differ [16]. In order to ensure the stability of the
empirical results, this paper not only adopts multiple bandwidths and multiple f(z;)
form settings, in order to reduce bias brought on by the bandwidth issue or the differing
slopes of the regression lines on either side of the breakpoints, it also adds an
interaction term between the driving factors and the treatment state [17].

2.2. Fixed effects model

As rural households are affected by the precise poverty alleviation policy
differently due to the differences in income level, demographic structure, health status,
geographic environment, traditional culture and other factors [18]. Furthermore, the
identifying unit of households is the basis for precise poverty reduction; nevertheless,
the number of impoverished households varies among regions, resulting in disparities
in the execution of policies aimed at reducing poverty [19]. In order to analyze the
heterogeneous effects of the precision poverty alleviation policy on the subjective
well-being of different households (poor and non-poor), this paper further relies on a
fixed-effects regression model, in which an interaction term between the
implementation strength of the precision poverty alleviation policy (depthct) and the
influencing factors X;; is introduced, to analyze the heterogeneity and spillover effects
in terms of factor endowment, health status, and non-farm employment of different
households. The specific model settings are as follows:

Yie = Bo + Brdepthey + B2 Xy + Badepthey - Xip + apZipe + A + 10 + Uyt (3)

Yie
In Equation (3), is the outcome variable (residents’ subjective well-being),

B3

and the coefficient of the interaction term s the center of attention in this paper,
Xit
reflecting whether the relevant factor ~ has a heterogeneous effect on the subjective
well-being of households with different factor endowments through the precision
B3>0 Xit
poverty alleviation policy. If , it means that as the influencing factor
increases, the subjective well-being of residents increases as a result of the poverty

alleviation policy. In short, if there is an interaction effect between the influencing
Xit
factor  and the policy of poverty alleviation, then the policy of poverty alleviation
Xit
will have an effect on the subjective well-being of households through . In addition,
Zike
is an individual-level, household-level, and area-level control variable that

controls as much as possible for relevant heterogeneity factors that do not vary over

Ai Ty Uit
time. isanindividual fixed effect, is atime fixed effect, and is a residual term.

To prevent the effects of serial correlation or heteroskedasticity problems, standard
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errors are clustered to the individual level when estimating the coefficients in this

paper.

2.3. Data sources

This paper mainly adopts the 2022 CFPS data. the CFPS data includes
information on education, healthcare, occupation, household size, income,
consumption and life satisfaction [20]. Since the precise poverty alleviation policy
mainly targets rural households, this paper selects the sample of rural households
(about 53.6% of the total sample) from the CFPS data. All family members in the
sample are survey respondents, and the CFPS sample covers 25 provinces,
municipalities and autonomous regions in China. The process of data cleaning and
processing revealed that: first, the data on residents’ subjective well-being were
missing in the 2015 sample; second, there were more missing values and outliers in
the individual well-being indicators in the 2017 sample, and only 448 valid samples
were left after elimination, and the 2017 sample was also excluded in consideration of
the issue of sample validity. Therefore, this paper chooses the data from 2022, 2015
and 2018, and the interval between these three surveys is exactly four years, tracking
and matching the families participating in all three surveys, and obtaining a balanced
set of tracking samples with data before and after the implementation of the policy,
thus ensuring the validity and stability of the sample. In addition, due to differences in
individual ratings of happiness indicators between 2022 and 2022, in 2022, a range of
1 to 5 is used for subjective happiness, where 1 indicates very poor and 5 indicates
very good. In contrast, in the 2015-2020 sample, scores for subjective well-being use
a range of O to 10, where 0 indicates the lowest and 10 the highest. Due to the
difference in statistical caliber and the fact that 2013 is the baseline data at the
beginning of the CFPS survey, this paper takes the 2013 data as a separate subsample
for the robustness test of the regression analysis results.

2.4. Variable selection and statistical description

This paper’s research is primarily split into two sections: an examination of
policy heterogeneity and spillover effects, and an evaluation of the effectiveness of
specific policies aimed at reducing poverty. In order to analyze the policy
heterogeneity and spillover effects, the main influencing factors selected in this paper
are considered from the following aspects: first, the strength of the assistance in
different regions is directly related to the subjective well-being of the residents in the
region.

Through variable selection and descriptive statistics, all nominal variables are
excluded from the impact of the price index, deflated to 2010. It is known through
statistics (variable descriptions and descriptive statistics are limited to space and are
left for the record) that, firstly, residents’ subjective well-being is statistically on an
upward trend, and in 2017, compared with 2013, residents’ subjective well-being has
increased by nearly 3.7 percentage points. Second, the implementation of precise
poverty alleviation policies in rural areas has increased by nearly 8.8% compared to
2013. In 2013, precise poverty alleviation was fully implemented in rural areas,
directly targeting poor households, in accordance with the 2022 per capita poverty
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standard of 2300 yuan per year, combined with the “two no worries, three guarantees”
determination of the standard of subsistence and the two rounds of “precise poverty
alleviation review” measures implemented in 2014 and 2015. Meanwhile, in
conjunction with the “two no worries, three guarantees” standard of subsistence and
the two rounds of “precise poverty alleviation look-back” measures implemented in
2014 and 2015, the scale of poverty identification has been greatly increased in the
latter stages of precise poverty alleviation, from the previous “scale control” to the
“inclusion of the fullest possible inclusion and support of the fullest possible support”,
which has led to an increase in the strength of the assistance and measures provided to
impoverished families. Therefore, while the policy of precise poverty alleviation has
expanded the scale of poverty benefits for low-income groups, the implementation of
precise poverty alleviation has also been strengthened in the short term. Third,
compared with 2013, the proportion of non-farm employment in the village increased
and health care expenditure slowed down in 2017, while at the same time, government
transfers to the poor increased significantly, with per capita access to government
transfers increasing by about 452 yuan. In addition, as can be seen from the values of
sample statistics that do not change over time, such as the distribution of different
regions, the samples selected in this paper do not show obvious sample aggregation
characteristics.

3. Analysis of empirical results

3.1. FuzzyRD estimation results

The validity of FuzzyRD is tested by examining the relationship between the
driving variable and the result variable, which is the subjective well-being of the
inhabitants, as shown in Figure 1. With clear jumps on the left and right sides of the
institutional breakpoint of the specific poverty alleviation criterion (2300 yuan/yeatr,
2010 prices), Figure 1’s results demonstrate that the outcome variable exhibits clear
disparities at the breakpoints. In the later portion, the regression analysis of the
breakpoint is performed using the segmented linear and polynomial regression forms
since the trend of change on both sides of the breakpoint exhibits a nonlinear tendency.
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Notes: PL15_GDP: the price level of GDP; VLC_GDP: per capita GDP measured at PPP (both
relative to the EU15).
Sources: Eurostat, PPP-database.

Figure 1. Relationship between per capita income and outcome variables (2022).

Note: The driver variables were standardized. The outcome variable is the subjective well-being of the
population, and the optimal bandwidth of subjective well-being is £820 (calculated by the CCT method
adopted for the optimal bandwidth).
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Table 1 estimates the effect of institutional breakpoints specified by the poverty
standardization line on whether or not a household is targeted as precisely poor, i.e.,
the one-stage estimation results under FuzzyRD identification. In this paper, we take
the estimation results under three different bandwidths and optimal bandwidth forms,
and also consider the interaction term between the treatment state and the driver
variable to minimize the bias caused by the different slopes of the regression lines on
both sides of the breakpoint. In Table 2, Equations (1)-(2) are the narrower
bandwidths, thus controlling the nonlinear trend of per capita income in a lower-order
form; Equation (3) is the larger bandwidth, which increases the sample size while
controlling the higher-order function; and Equation (4) is the optimal bandwidth of
residents’ subjective well-being as a reference for the robustness of the estimation
results with the manually set bandwidths. In addition, the F-test values in Table 2 are
used to determine whether income poverty line eligibility is a valid instrumental
variable for precision poverty alleviation policies. The F-statistics of the instrumental
variables largely exceed the 10% level error tolerance threshold, implying that the
instrumental variables used in this paper have a high probability of passing the weak
instrumental variable test.

Table 1. Impact of poverty alleviation criteria line provisions on whether or not a household is targeted for poverty

(2013).
Dependent variable: precise identification of poor household eligibility (1 = yes, 0 = no)
Variant +300 +500 +1000 Optimal broadband
1) ) ®) (4)
Per capita income <2300 0.068***(0.026) 0.064**(0.021) 0.086***(0.015) 0.033**(0.014)
f(z)segmented linear function Yes Yes Yes Yes
f(z): polynomial function Yes Yes Yes Yes
F-test 156.2 277.3 480.5 392.2
R? 0.477 0.507 0.464 0.465
Sample size 730 1134 2323 1905

Note: Robust standard errors in parentheses, *, ** and *** indicate significance at the 10%, 5% and 1%
levels, respectively. where the optimal bandwidth of subjective well-being was calculated by taking the
CCT method. All of the above models include polynomial terms, which are mainly used to detect
special equation forms where the income breakpoints do not depend on the driving variables alone, and
the polynomial terms include quadratic and cubic terms, respectively, and the quadratic form results are
reported above.

Table 2. Impact of precise poverty alleviation policies on residents’ subjective well-
being (FuzzyRD estimation).

. 2013 2017 Full sample
Variant
) 2 3

Policy effect 0.451%(0.245) 0.611**(0.265) 0.648**(0.257)
f(2) 3 segmented linear Yes Yes Yes

function

f(@ g polynomial Yes Yes Yes

function

Sample size 1071 1134 2323
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The results in Table 1 show that the different bandwidths are set to vary
somewhat in the first-stage regressions, but maintain overall robustness, that the
impact of the poverty alleviation standard line provision on whether or not a household
is targeted as a precise poor household is relatively significant, and that the probability
of a household with an annual per capita income of less than 2300 yuan being
supported by precise poverty alleviation policies is higher, with statistically significant
results, and that the qualification for poverty identification is therefore a good proxy
for actually being identified as a poor household.

The outputs of the two-stage estimation are given in Table 2. The results show
that the precise poverty alleviation program significantly improves the subjective well-
being of the residents and that the estimation results are robust to different bandwidth
conditions. The particular poverty alleviation approach considerably raises inhabitants’
subjective well-being by 45% to 65%, according to additional analysis. This
estimation result is consistent with the expectation that the specific poverty alleviation
policy is more sophisticated and specialized than China’s previous poverty alleviation
practices. Through specific assistance measures like income subsidies, expenditure
reductions and exemptions, protection for medical and educational needs, and
industrial assistance, the poor groups receive more tangible policy dividends in the
process of escaping poverty. They also have a greater awareness of the national
policies on agricultural benefits and people’s livelihoods, which generally improves
the subjective well-being of the residents.

3.2. Robustness tests

Average Income, Means-Tested Transfers, and Federal Taxes
Thousands of Dollars

400 Highest
Quintile
300
200
100
0 -
Income Before Means-Tested Federal _ Income After
Transfers Transfers - Taxes - Transfers
and Taxes and Taxes
Cumulative Growth in Average Income
Percent Income Before Transfers and Taxes Income After Transfers and Taxes

125
100
75
50
25
0
_25 1L J
1979 1984 1989 1994 1999 2004 2009 2014 2019 1979 1984 1989 1994 1993 2004 2009 2014 2019

Highest Quintile

Highest Quintile

|
Middle
Three Quintiles

1§ PR T |

Middle Three
Quintiles

Lowest Quintile
P TR

Figure 2. Per capita household income at critical value of $2300 (2010 Prices)
mccrary test (2022).

Note: McCrary test for the driver variable at the $2300/year (2010 prices) breakpoint. Since per capita
income of $5000 and above samples are unlikely to be the identification of precise poverty alleviation,
only the results of the samples with per capita income of $5000 and below are considered in the above
figure, and the McCrary test that extends the range of that per capita income to a wider range of
incomes is basically consistent with the results. Moreover, the results are basically the same when the
test is conducted on the 2017 data.
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This paper chooses to perform the McCrary test on the distribution of the per
capita income variable near the breakpoints in order to test whether the samples near
the breakpoints have self-manipulated the level of per capita income to change the
status of poverty identification or eligibility. It is evident from Figure 2 that there is
no discernible difference between the density functions on either side of the
breakpoints (the density distribution interval on the vertical axis is very small), and
that the confidence intervals of the density function estimates on both sides of the
breakpoints generally overlap and are relatively smooth. Therefore, it is reasonable to
assume that there is no sample manipulation of the driving variables near the
breakpoints, and the FuzzyRD method is feasible and effective.

The continuity test of the control variables is displayed in Table 3. The continuity
of the control variables is also necessary for the FuzzyRD method of identification to
be valid; that is, the treatment variables must not affect any of the predefined factors
that resulted in the household being targeted as a “poor household,” failing which the
FuzzyRD identification is invalidated. In accordance with the FuzzyRD
methodology’s hypothesis, the results in Table 3 demonstrate that all of the control
variables are insignificant, meaning that the treatment variables have no effect on the
pertinent characteristic factors that existed prior to the household being classified as
poor. Additionally, the results indirectly rule out the influence of other policies or
factors that might have affected the residents’ subjective well-being, guaranteeing the
robustness of the policy effects.

Table 3. Control variable continuity test (FuzzyRD estimation).

2013 2017 Full sample
Implicit variable
1) ) ©)
Gender 0.808(0.590) 0.144(0.430) 0.011(0.222)
Age 6.516(14.922) 4.033(10.466) 2.670(4.695)
Years of education 0.216(2.455) —-1.014(2.009) 0.114(1.396)
Health status 0.825(0.589) 0.066(0.440) 1.577*(0.919)
Number of children —0.738(0.589) —0.021(0.567) 0.575(0.477)
Marital status 0.268(0.173) 0.200(0.140) 0.191(0.162)
Population size —1.311(2.646) —0.533(1.717) —0.277(0.898)
Regional —0.488(0.655) 0.439(0.551) —0.440(0.353)
{ (2) g segmented linear Yes Yes Yes
unction
{ (2) g polynomial Yes Yes Yes
unction
Sample size 730 1134 2323

In addition, the paper further implements a placebo test and adopts three manual
bandwidth setting methods to compare with the optimal bandwidth estimation (Table
4). In particular, this paper uses the “precise poverty alleviation policy” forward to
2010 as a spurious policy shock to analyze whether the spurious policy shock also
affects residents’ subjective well-being. The regression results are not expected to be
significant because the policy of precise poverty alleviation was not implemented in
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2010, and only the original poverty alleviation model at the county level was
maintained, so households were not able to obtain the benefits of the policy of precise
poverty alleviation. Table 4’s regression results demonstrate that the placebo policy
effect of advancing the policy to 2010 is not statistically significant when utilizing
either the manually set bandwidth or the optimal bandwidth adopted. This suggests
that the spurious precision poverty alleviation policy is not having any policy effect,
eliminating the possibility that other policies or factors could have an impact on the
household’s subjective well-being, and reaffirming that the precision poverty
alleviation policy has no effect on the subjective well-being of the poor.

Table 4. “Placebo” test estimation results (FuzzyRD estimation).

) +300 +500 +1000 Optimal broadband

Variant
) 2 3 (C)]

Policy effect 0.019(0.032) 0.046(0.063) 0.322(0.290) 0.217(0.177)
f(2): segmented Yes Yes Yes Yes
linear function
f(2): polynomial
function Yes Yes Yes Yes
Sample size 1005 1600 2928 1446

Note: The above results are estimated on a 2010 sample, with the Precision Poverty Reduction Policy
carried forward to 2010 as a “placebo” shock to the timing of policy implementation.

4. Conclusion

This study highlights the critical role that informatization technology plays in
improving the effectiveness of educational resource allocation and advancing
educational fairness by examining the mechanism of interaction between educational
informatization and precision poverty alleviation. In addition to improving the
disparity between urban and rural educational resources, educational informatization
based on big data technology and the Internet platform offers a potent tool for precisely
identifying impoverished groups and optimizing the allocation of educational
resources. The empirical study’s findings demonstrate that the specific poverty
alleviation program significantly improves rural households’ subjective well-being,
particularly when it comes to non-farm work and medical expenses. The study also
notes that obstacles like a lack of technical assistance and data integration issues still
exist in the process of encouraging the use of informatization for reducing poverty in
education, and that these issues require immediate attention through technological
innovation and policy support.

All things considered, this study demonstrates that the use of digital technology
in precision poverty alleviation not only increases the effectiveness of poverty
alleviation but also establishes a strong basis for the achievement of educational equity
and social inclusion. Strengthening the technological support system for education
informatization, encouraging the development of informatization infrastructure in
remote locations, and guaranteeing the sustainability and accessibility of digital
educational resources should be the main goals of future research and policy
development.

10
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