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Purpose - This study aims to analyze and quantify the multi-
dimensional impact of income and regional economic conditions
on the migration behavior of highly educated personnel (Associate
Professors, Professors) across key economic regions in Vietnam,
amidst the increasing phenomenon of "regional brain drain".

Design/methodology/approach - The study utilizes panel data from
6 key economic regions over the period 2010-2024. Drawing on
human capital and regional economics theories, the paper employs
a Machine Learning ecosystem including Support Vector Regression
(SVR), SHAP explanatory method, and K-Means clustering to handle
non-linear relationships and isolate migration drivers.

Findings - The empirical results reveal an "Income Paradox" among
intellectuals: upon reaching financial security, the pulling power
of income disparity diminishes. Instead, Urbanization and the
Educational ecosystem emerge as the dominant drivers, creating
breakthrough impacts in attracting talent. Furthermore, expanding
residential areas without synchronized amenities acts as a barrier to
migration.

Practical implications - Instead of relying solely on short-term
financial incentives, policymakers and local authorities must shift their
focus to upgrading "soft" social infrastructure (education, healthcare)
and building local "talent incubators” to retain intellectuals and
promote sustainable brain circulation.
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Originality/value - This study provides pioneering empirical
evidence by applying Machine Learning (SVR and SHAP) to decode
the non-linear impact "thresholds" in the migration behavior of
Vietnamese intellectuals, successfully overcoming the limitations of
traditional linear econometric models.

1. Introduction

Highly educated personnel, particularly
highly educated personnel, are consistently
regarded as the key factor determining national
competitiveness and long-term innovation. For
a country in the process of industrialization
and modernization like Vietnam, the rational
allocation of highly educated personnel across
regions plays a crucial role in narrowing the
development gap. However, over the past
decade, Vietnam has faced an escalating
phenomenon of “regional brain drain,” creating
severe “knowledge sinks” in peripheral areas
such as the Central Highlands and the Mekong
River Delta (World Bank, 2019).

Specifically, the post-COVID-19 period
has acted as a “catalyst” (World Bank, 2021)
that altered market structures, accelerating the
wave of highly educated personnel migration
converging intensely on core growth poles such
as Hanoi, Ho Chi Minh City, and Da Nang. In
reality, the migration decision of intellectuals
is not merely a geographical relocation but
essentially an investment strategy aimed
at optimizing human capital. While major
metropolitan areas create dynamic “knowledge
ecosystems” with strong agglomeration effects
(Glaeser, 2011), underdeveloped regions lack
specialized infrastructure systems and high-
quality social services. This inadvertently
creates a downward spiral: low income and
outdated infrastructure push talent away, and
the very shortage of talent prevents regional
labor productivity from breaking through.
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Although the topics of migrationand regional
inequality have received profound attention
(Docquier & Rapoport, 2012), there currently
exists a significant gap in the methodological
approaches and integrated theoretical models
to explain the migration behavior specifically
of the highly educated personnel (university
degree and above) in Vietnam. Domestic studies
primarily lean toward describing macro trends
or analyzing general labor migration without
isolating intellectuals as an independent subject.
Furthermore, most local “red carpet” policies
(talent attraction policies) remain superficial,
lacking quantitative evidence measuring the
simultaneous relationship between individual
income variables and regional macroeconomic
conditions.

Stemming from these practical demands
and research gaps, this paper is conducted to
identify and quantify the multi-dimensional
impact of the income factor alongside specific
regional economic conditions on the migration
behavior of highly educated personnel.
Particularly, in the context where the nation
is accelerating digital transformation and
developing a knowledge economy, solving the
problem of elite human resource allocation
becomes even more urgent(World Bank, 2019).

The novel contribution of this study is
the pioneering application of the Support
Vector Regression (SVR) Machine Learning
algorithm combined with the SHAP (Shapley
Additive Explanations) method. This analytical
framework not only overcomes the limitations
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oftraditional linear econometric models butalso
allows for the decoding of non-linear impact
mechanisms and the limit “thresholds” of
each macro factor. By providing highly reliable
empirical evidence, the study expects to establish
a solid scientific basis to help policymakers build
more substantive talent attraction strategies,
thereby promoting sustainable brain circulation
and harmonious economic development across
localities (Athey, 2018).

2. Theoretical background and literature review
2.1. Theoretical background

According to the Human Capital Theory
(Becker, 1966), migration is not merely
a geographical relocation but a form of
investment in human capital aimed at
maximizing income. Workers decide to migrate
when the total expected net benefits (especially
the incremental income margin) outweigh the
barriers and costs (financial, opportunity, and
psychological). When applied to the highly
educated personnel, this theory explains the
“brain drain” phenomenon through two core
mechanisms:

Positive  selection: ~ Highly  educated
individuals are more prone to migrate because
the absolute income differential between the
destination and the origin is significantly more
attractive to them than to unskilled labor.

Positive sorting: Intellectuals exhibit a strong
tendency to converge on major economic hubs,
where the ecosystem is willing to pay the highest
“rewards to skill”. Furthermore, a high level
of education acts as a filter that helps workers
minimize mobility costs and barriers (due to
their superior ability to gather information and
adapt quickly). In summary, the brain drain
towards metropolitan areas is an inevitable
consequence as highly educated personnel
actively seek destinations that yield the highest
rate of return on their educational investments
Becker (1966).
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Expected Income Hypothesis (Mochiah,
2014) diverging from traditional models,
Harris and Todaro posit that the migration
decision is driven by “expected income”-a
variable calculated by multiplying the wage at
the destination by the probability of finding
employment. When applied to the brain drain
phenomenon in Vietnam, this model elucidates
the immense magnetic pull of major economic
centers (e.g., Ho Chi Minh City, Hanoi).
Because highly educated individuals possess
a substantial competitive advantage, their
probability of securing formal employment is
almost absolute. This dramatically amplifies
their expected income, creating a strong pulling
force that drains human resources from rural
and mountainous areas. In addition, modern
extended studies introduce two critical variables
governing the migration optimization problem
of intellectuals: (i) Spatial and living costs: The
escalation of housing prices and living costs
in urban areas acts as a “natural deterrent,”
potentially neutralizing the benefits of expected
income if they rise excessively; (ii) Social
networks (Tzeng, 1995) (friends, professionals)
at the destination help reduce information
asymmetry and psychological costs, further
increasing the probability of accessing high-
quality employment.

Regional Economicsand Uneven Development
Theory (Myrdal, 1957), the theory of regional
economics and uneven development asserts
that economic growth does not occur uniformly
but tends to concentrate in areas with initial
advantages. According to Gunnar Myrdal,
developed regions continuously attract capital,
labor, and resources from less developed areas,
exacerbating regional disparities. He explains
this through two mechanisms: the backwash
effect, where the center aggressively drains
resources from the periphery, and the spread
effect, where the center’s growth generates
economic opportunities for surrounding
areas. In reality, the backwash effect usually
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dominates, leading to widening regional
inequality. Inheriting this concept, (Krugman,
1991) developed the New Economic Geography
with the Core-Periphery model. According
to this model, firms tend to cluster in central
areas to exploit economies of scale and reduce
transport costs, thereby forming a developed
core and a dependent periphery. This serves as
the direct theoretical foundation explaining the
uneven development trend and the brain drain
towards major growth poles in Vietnam.

Quality of Life and Circular Migration Theory
(Paas & Halapuu, 2012). Associated with the
research of Richard Florida, this theory suggests
that highly educated personnel migrate not
only for employment or income but also for the
quality of life. In the modern context, migration
is no longer unidirectional but can be circular;
workers leave to study or work and may return
when living conditions become more suitable.
Florida explains a locality’s attractiveness
through the 3T model: Technology, Talent,
and Tolerance. Technology creates a modern
working environment, talent reflects the quality
of human resources, and tolerance indicates the
society’s openness to diversity. The combination
of these three factors shapes the quality of life
and determines the ability to attract and retain
high-quality labor. Therefore, when a locality
ensures a high standard of living, the migration
of intellectuals can become circular, thereby
mitigating brain drain and fostering sustainable
development.

2.2. Literature review

Studies on the impact of income and regional
disparities (Floerkemeier et al., 2021), numerous
international studies demonstrate that income
and developmental disparities between
regions are crucial drivers of the brain drain
phenomenon. Docquier and Rapoport argue
that highly skilled workers frequently migrate
when income and employment opportunities
elsewhere significantly surpass those in their
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origin. Simultaneously, domestic income levels
also affect migration decisions by determining
the ability to afford relocation costs. In Southeast
Asia, research by Olinyk and Vasa (2021) shows
that higher-income countries typically attract
labor from economies with inferior conditions,
clearly reflecting a “push-pull” mechanism. A
reportbythe International Monetary Fund (IMF)
also indicates that regions with superior income
and employment prospects draw labor from
underdeveloped areas; however, if this persists, it
can exacerbate regional imbalances and deplete
human capital in the sending regions.

Studies  on  infrastructure,  education,
and public services. Besides income and
employment, recent literature highlights that
infrastructure, education, and public services
robustly influence brain drain. A study by
Vega-Muioz (2024) across 178 countries shows
an inverse relationship between the quality of
public services (such as healthcare, education,
and social security) and the out-migration
trend of highly educated personnel the better
the public services, the higher the retention
rate. An OECD report (2023) also emphasizes
that disparities in transport infrastructure,
digital connectivity, and access to public
services are primary reasons compelling skilled
labor to abandon less developed regions for
major metropolitan areas. Overall, these studies
demonstrate that brain drain is driven not
solely by economic factors but also significantly
by the quality of infrastructure, education, and
public services.

Studies on intellectual migration and brain
drain in Vietnam. Recent empirical studies
in Vietnam have focused on quantifying the
dynamics propelling the highly educated
personnel from the periphery to major growth
poles. Two prominent approaches stand out:

The Macro-condition approach: Argues that
high income is merely a “necessary condition.”
The “sufficient condition” to retain talent is the
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regional economic ecosystem (concentration
of FDI, hi-tech zones, healthcare, and
educational infrastructure). Peripheral regions
lose their brain trust predominantly due to the
absence of a modern working environment
(Nha & Tinh, 2023).

The Income approach: Indicates that
individuals with a university degree or
higher exhibit extreme “sensitivity” to inter-
regional income gaps. Expected income acts
as the primary pulling force, transforming
migration into an inevitable investment to
maximize the rate of return on education
(Tran & Nguyen, 2021).

2.3. Research gaps

Through a comprehensive review of domestic
and international literature, this paper identifies
three major gaps regarding the migration of the
highly educated personnel:

Lack of micro-level quantitative models:
Current studies in Vietnam primarily favor
descriptive statistics or utilize provincial-
level macro data (panel data). There remains
a scarcity of econometric models measuring
the probability of migration decisions (benefit
trade-offs) at the individual intellectual level.

Fragmentation of variables: Previous research
often isolates migration drivers, either heavily
emphasizing income disparities or focusing
exclusively on infrastructure and innovation
ecosystems. There is currently no integrated
model that simultaneously incorporates both
dimensions (Personal Income and Regional
Economic Conditions) to determine the
“necessary and sufficient conditions” shaping
the brain drain flow.

Limits in spatial representation: Existing
micro-surveys generally concentrate on
localized migration routes (e.g., exclusively
toward Hanoi). There is alack of comprehensive
studies fully dissecting intellectual out-
migration from disadvantaged regions (the

98

Special Issue 1; 2026

Mekong River Delta, Central Highlands,
Northern Midlands and Mountains) toward
the growth poles.

3. Research model and methodology
3.1. Research data

This study employs panel data collected at
the macroeconomic regional level from six key
economic regions in Vietnam: the Red River
Delta, the Northern Midlands and Mountains,
the North Central and Central Coast, the
Central Highlands, the Southeast, and the
Mekong River Delta. The data covers the period
from 2010 to 2024.

The data processing in this studyis conducted
through three main steps:

Step 1: Data collection: Data is gathered
and synthesized from official and highly
reputable reporting sources, including the
General Statistics Office of Vietnam (GSO -
Annual Statistical Yearbooks), the Ministry
of Planning and Investment (MPI), the
Ministry of Education and Training (MOET),
the Ministry of Labour - Invalids and Social
Affairs (MOLISA), and the United Nations
Development Programme (UNDP) in Vietnam
over the 2010-2024 period.

Step 2: Data processing: From the dataset
collected via reliable sources, the research
team utilized Microsoft Excel to calculate
the variables. Subsequently, data cleaning
was performed, which included applying
logarithmic transformations to variables
with excessively large values to ensure data
consistency and standardization.

Step 3: Model execution: The processed data
was then imported into STATA 17 software to
analyze and perform necessary tests, aiming
to determine the impact of independent and
control variables on the dependent variable,
thereby drawing conclusions for the study.
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3.2. Description of variable groups impacting
highly educated personnel

Economic variable group (Income)

The impact of income on the migration
decisions of highly educated personnel is
explained through the Human Capital Theory
(Sjaastad, 1962). Highly skilled individuals have
invested substantial resources (time, effort,
finance) to cultivate their knowledge and skills.
When their “human capital” is undervalued in
rural areas with inadequate income, migration
becomes a strategic decision. Confident in their
capabilities, they believe that economic hubs
will offer job positions with commensurate
salaries, sufficient to compensate for all their
initial educational investments and costs.

Furthermore, the migration decisions of
this intellectual group are not solely based
on current static wages but are guided by
“expected income” (Harris & Todaro, 1970).
Even when facing mobility cost barriers,
high living expenses in urban areas, or fierce
competition risks in economic centers, they
still choose to migrate. With high income levels
and reasonable employment opportunities,
the long-term “expected income” generated is
significantly greater than a low but completely
secure wage in rural areas.

Hypothesis H1: Income (INC) has a positive
but non-linear impact (threshold effect) on
the highly educated personnel. Upon reaching
a certain threshold of financial security, the
marginal importance of income diminishes,
giving way to quality-of-life factors.

Scale & development opportunity variable group
(Urban population)

Urbanization in Vietnam has undergone
profound migration transformations over the
past three decades. Internal migration is not
merely a solution for improving livelihoods but
also a means to access education, healthcare,
and an environment for advanced professional
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development. The Regional Economics and
Uneven Development theories by Krugman
(1991) and Myrdal (1957) explain the magnetism
of destinations for the intellectual workforce.

According to the Core-Periphery Model,
the larger the urban population, the stronger
the “backwash effect,” forcefully attracting
highly educated labor from the periphery. This
pull is generated by three core mechanisms:
a knowledge spillover environment that
stimulates innovation; labor specialization that
optimizes the match between skills and jobs;
and the development of a high-end service
ecosystem meeting the rigorous standards of
intellectuals. Overall, “core” urban regions
create a comprehensive ecosystem, serving
as an ideal environment for highly educated
personnel to maximize their capabilities and
advancement opportunities.

Hypothesis H2: Urbanization (URB) acts
as the primary driver, exerting the strongest
influence and creating a breakthrough impact
in attracting highly educated personnel.

Living environment & infrastructure system
variable group (Clean water, Electricity, Housing
area, Health, Education)

Besides economic drivers like income
disparity or job opportunities, the migration
decisions of highly educated personnel are
deeply governed by non-economic factors.
“Living Environment and Infrastructure”
are considered the core drivers for attracting
highly skilled personnel (Florida, 2019). The
fundamental difference in migration behavior
is that while unskilled labor is heavily driven by
wages for survival needs, the intellectual class
sets stringent requirements for a comprehensive
living environment to support long-term
development.

The migration decision of intellectuals relies
not only on job opportunities but also on the
overall quality of the living environment.
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First, “necessary conditions” such as physical
infrastructure (electricity, clean water, and
standard housing) form the foundational base
enabling them to maintain a high quality of
life and work effectively, especially amidst
deep technological integration. Additionally,
“sufficient conditions” pertaining to social
infrastructure, such as healthcare and
educational systems, play a decisive role
when they consider long-term plans for
themselves and their families. The harmonious
combination of these two elements creates the
magnetism of economic centers, making them
attractive destinations capable of retaining
highly educated personnel in the long run.

First, regarding the educational ecosystem
(EDU): For intellectuals (Associate Professors,
Professors), the educational environment is
not merely a basic public service but a critical
extension of their professional and family life.
A locality with a dense concentration of high-
quality educational institutions provides a
dual benefit: an excellent research and teaching
environment for their own careers, and superior
developmental opportunities for their children.
Consequently, education transcends basic
infrastructure to become a primary pulling force.

Hypothesis H3: The Educational ecosystem
(EDU) acts as the core “soft infrastructure,”
possessing a macro-level importance equivalent
to Urbanization in generating talent attraction.

Second,  regarding  Residential  area
(ARE): Housing is an essential need, but for
intellectuals, the absolute size of the living space
is not always proportional to their satisfaction.
In the context of spatial economics, localities
with very high average housing areas per
capita are often peripheral or suburban areas
characterized by sprawlingland funds but severe
deficits in synchronized urban amenities (e.g.,
entertainment, academic networking spaces).
Therefore, merely expanding residential space
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without integrating it into a comprehensive
urban ecosystem can inadvertently create a
structural barrier to attracting talent.

Hypothesis H4: Residential area (ARE)
exerts a complex and multi-dimensional
impact. Possessing large land funds without
synchronized urban amenities can become
a barrier rather than an advantage in highly
educated personnel.

Third, regarding Basic physical and health
infrastructure (WAT, ELE, HEA): In the
modern development phase of Vietnam’s
key economic regions, basic utilities such
as electricity and clean water coverage have
reached near-absolute saturation levels.
According to Herzberg’s two-factor theory,
these are “hygiene factors”, their absence
causes severe dissatisfaction, but their presence
no longer creates a competitive advantage
or proactive motivation for intellectuals to
migrate. Similarly, basic healthcare density
(doctors per 1000 people) ensures fundamental
safety but does not serve as a breakthrough
catalyst for intellectual relocation compared to
specialized academic or urban environments.

Hypothesis H5: Basic infrastructure factors
(WAT, ELE, HEA) serve as “foundational
conditions” (where coverage has reached
saturation); therefore, their marginal impact
magnitude is weaker and does not create as
substantial a difference as the Urbanization and
Education groups.

3.3. Variables in the model and proposed model

Based on the theoretical foundation
established in Section 2 and the research
hypothesesin Section 3.1, the quantitative model
of this study utilizes 1 dependent variable and 7
independent variables, as summarized in Table
1. The raw data, upon collection, was processed
and standardized using MS Excel before being
imported into the econometric software.
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Table 1. Summary of variables in the research model

Variable Type Symbol Observed Variable Name Unit Data Source
Dependent SCH Number of highly educated migrants in Persons GSO / MOLISA
Variable regions
Independent  INC Income per capita Thousand VND  GSO
Variable URB Average urban population by region Thousands of GSO
persons
WAT Percentage of population with access to % GSO / UNDP
hygienic water sources
ELE Percentage of households using % GSO
electricity for daily life
ARE Average housing floor area per capita  person GSO
EDU Number of educational institutions per Institutions MOET / GSO
1000 people
HEA Number of doctors per 1000 people Persons GSO

Furthermore, Appendix 1 outlines the
expected signs and the nature of the impact
of these variables in the research model (see
Appendix 1 online).

The general functional equation is expressed
as follows:
SCH, = f(INC,, URB,, WAT,, ELE,, ARE,,
EDU, HEA,) + ¢,

Wherein, function f is not restricted to
a linear form but is estimated through the
following algorithms:

Support Vector Regression (SVR): SVR with
a Radial Basis Function (RBF) kernel is utilized
to map data into a high-dimensional space. This
algorithm is capable of perfectly capturing the
non-linear relationships and limit "thresholds"
inherent in complex migration behaviors.
Notably, SVR operates with extreme stability
and effectively prevents overfitting on the small
panel dataset (N = 90) of this study.

To address the reviewer’s request for a more
detailed SVR training procedure, the model was
specified using a Radial Basis Function (RBF)
kernel, which is highly optimal for capturing
the complex, non-linear nature of migration
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data. The hyperparameters were strategically
tuned: the regularization parameter was set
to C = 1.0 to prioritize model stability and
mitigate overfitting within the small panel
dataset, while the epsilon-tube width was set
to 0.4 to filter out minor data noise and focus
on major socio-economic trends. Additionally,
the gamma parameter was configured to
‘scale’ to automatically adapt to the differing
measurement scales of variables such as
income and infrastructure. Model validation
was rigorously conducted through a Train-
Test split and Learning Curve analysis, which
confirmed spatial convergence without falling
into a ‘High Variance’ overfitting state. Finally,
model performance was evaluated, yielding a
Root Mean Square Error (RMSE) of 0.6338 and
an R-squared (R?) of 0.2550, demonstrating
a highly reliable predictive baseline for the
subsequent SHAP marginal impact analysis.

SHAP (Shapley Additive Explanations)
Method: To resolve the “black-box” nature of
SVR, the study integrates the SHAP method
based on cooperative game theory. This method
helps fairly allocate the contribution value of
each variable to the model’s prediction output,
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thereby clearly isolating the importance and the
direction of impact (positive/negative) of each
infrastructural and economic factor on talent
attraction.

K-Means Clustering: Based on the impact
features extracted from SHAP, the K-Means
clustering algorithm is employed to group
the six economic regions into clusters with
similar talent attraction strategies, assisting in
proposing practical policy implications.

4. Research results and discussion

4.1. The current situation of regional brain
drains in Vietnam

During the 2010-2024 period, the migration
landscape of the highly educated personnel
(university level and above) in Vietnam
exhibited severe spatial polarization. As
illustrated in Appendix 2 (see Appendix 2
online), the North Central and Central Coast
region suffered the most severe talent deficit
(with over 1,200 individuals leaving), which
contrasts sharply with the absolute “retention”
capacity of the Southeast region.

Regarding the temporal trend, Appendix 3
(see Appendix 3 online) shows that the brain
drain flow fluctuated strongly with a structural
break occurring in the 2014-2017 period,
reflecting the “magnetic pull” that drained
personnel from major economic centers
recovering after the crisis.

Recognizing this leakage, the macro-level
challenge is to enhance the capacity for talent
accumulation. Therefore, in the subsequent
quantitative models, the dependent variable
(SCH) is standardized to represent the “Capacity
to attract experts” to the region.

4.2. Descriptive statistics and correlation
analysis

Descriptive statistics of the dataset: Appendix
4 (see Appendix 4 online) presents the descriptive
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statistics of the variables in the model. The study
utilizes a panel dataset collected from 6 key
economic regions over a 15-year period (2010-
2024). The total number of observations in the
model is 90 (N = 90). The statistical results show
that all variables have a full 90 observations,
with no missing data, ensuring high reliability
and representativeness for the subsequent
econometric estimates.

Correlation analysis and multicollinearity:
As shown in Appendix 5 (see Appendix 5
online), The Pearson correlation matrix issues
a strong multicollinearity warning for the
variable pairs INC — ARE (r=0.8210) and WAT
- ELE (r=0.8504). This information overlap
confirms that the traditional OLS linear model
would distort the true nature of the regression
coeflicients, creating a mandatory basis for
the study to switch to applying a non-linear
Machine Learning method (SVR).

4.3. SVR model estimation results and shap
analysis

The study applies the Support Vector
Regression (SVR) model with an RBF kernel
combined with the SHAP explanatory method
to handle non-linear relationships, optimize
small sample data, and “open the black box”
of the algorithm. Table 2 details the parameter
configuration of this SVR model.

Table 2. Parameter configuration of the
Support Vector Regression (SVR) model

Parameters Value
Kernel rbf

C (Regularization) 1.0

€ (Epsilon) 0.4
Gamma scale

Model performance evaluation: With the
fine-tuned configuration (C = 1.0,e =04),
the model achieves an R? = 0.2550 and a low
RMSE (0.6338). Notably, the learning curve
analysis presented in Appendix 6 (see Appendix
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6 online) confirms that the model does not fall
into an overfitting state. The Generalization
Gap between the training and validation curves
is maintained stably, ensuring good overall
predictive capability.

Isolating attraction drivers using SHAP: The
SHAP summary plot Appendix 7 (see Appendix
7 online) provides a visual overview of the
importance and non-linear impact direction of
the 7 macro factors. The results indicate that the
“Leading drivers” group (URB, EDU) acts as
the strongest magnet; observations with rapid
urbanization rates and high-quality education
(red dots) exert a breakthrough positive impact
on attracting highly educated personnel.
Conversely, Residential area (ARE) has a
complex impact; expanding current land funds
(red dots) creates a hindering effect (negative
SHAP value), reflecting the reality that large
land funds are often located in suburban areas
lacking synchronized amenities. Notably, the
model detects an “Income Paradox” (INC) as
this factor ranks in the weaker driver group,
proving that once highly educated personnel
reach a financial safety threshold, pure income
disparity gives way to the urban and academic
environment.

Regarding the methodological advantage,
the SVR framework effectively overcomes
the intrinsic limitations of traditional linear
econometric models, such as Ordinary
Least Squares (OLS) or Poisson regression.
Preliminary statistical analysis of our dataset

revealed severe multicollinearity among
independent variables (e.g., Income and
Residential Area correlation r = 0.8210;

Education and Urbanization r = -0.8174), which
would artificially inflate the variance and distort
coefficients in an OLS model. Furthermore,
linear models assume constant marginal effects
and struggle to identify behavioral ‘thresholds’.
For instance, a traditional linear model would
theoretically predict absolute talent retention
in regions with superior economic and
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educational metrics. However, empirical spatial
data reveals significant non-linear anomalies:
the Red River Delta, despite being a leading
educational hub, experienced a net loss of over
400 high-quality laborers. The SVR model,
utilizing the RBF kernel to map independent
variables into a multidimensional feature
space, successfully filters out multicollinearity
noise and captures these complex decision
boundaries. Additionally, the SVR-SHAP
approach explicitly uncovers the ‘Income
Paradox’. It mathematically demonstrates that
once highly educated experts reach a specific
income threshold, financial disparities lose
their primary pull effect, yielding to the quality
of the urban and educational ecosystem. This
comparative capability proves SVR’s superior
robustness over OLS in modeling the complex
realities of regional talent migration.

Clustering attraction strategies: The K-Means
algorithm (K = 3) based on SHAP values
Appendix 8 (see Appendix 8 online) indicates 3
strategic characteristics of the localities:

Cluster 0 (Living space & Urbanization): Ideal
structure. Attracts through clean land funds
combined with modern urban infrastructure
and stable income.

Cluster 1 (Education & Society): Attracts
via “soft infrastructure”. Highly educated
personnel accept cramped spaces to access
excellent research environments.

Cluster 2 (Unbalanced development): The
paradox of rapid urbanization but educational
gaps, harboring a high risk of “brain drain” if

soft infrastructure is not invested in.

5. Conclusion and policy implications

This study has successfully applied the
Support Vector Regression (SVR) machine
learning model combined with the SHAP
explanatory tool to decode the migration
behavior of highly educated personnel in
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Vietnam. The SVR model demonstrated
superior effectiveness in controlling overfitting
and handling non-linear impact “thresholds” on
a small dataset. The empirical results discovered
and confirmed the existence of an “Income
Paradox” among intellectuals: Urbanization
(URB) and the educational ecosystem (EDU)
are the decisive “magnets” for attracting talent.
Meanwhile, Income (INC) is relegated to a
secondary role due to its pronounced non-
linear nature (diminishing marginal impact
once experts reach a financial safety threshold).
Furthermore, Residential area (ARE) exerts a
complex impact, only proving effective when
accompanied by synchronized amenities.
Through the clustering algorithm, the study
also issues a warning regarding the risk of
“overheated” development in certain localities
(urban expansion lacking social infrastructure),
emphasizing the imperative of developing a
comprehensive living ecosystem for sustainable
talent accumulation (Giang et al., 2022).

Drawing from the research findings,
the author proposes several strategic
implications to regulate migration flows and
foster sustainable brain circulation. First,
for the Government and macroeconomic
management agencies, it is necessary to shift
the mindset from direct financial support to
creating a comprehensive living and working
ecosystem. Prioritizing national resources
to build satellite “knowledge cities” (Florida,
2019), while resolutely allocating key social
infrastructure projects (central-level hospitals,
national universities), is extremely urgent to
balance soft infrastructure amenities across
economic regions. Second, for local authorities,
attracting highly educated personnel should
not stop at superficial cash-based “red carpet”
policies. Localities need to focus on long-
term retention policies such as providing
high-quality official housing and improving
the academic environment, while proactively
attracting high-tech FDI projects to cultivate
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a professional environment commensurate
with the intellectuals’ qualifications. Third,
for organizations and enterprises, establishing
transparent career development pathways,
autonomous research environments, and
modern organizational cultures will serve as
“soft infrastructure” compensating for local
peripheral amenity deficits, thereby helping
to retain elite personnel in the long run
(Florida, 2019).

Despite achieving notable results, the study
still possesses certain limitations, particularly
concerning the data structure and sample
size. First, the reliance on macro-regional data
across six key economic regions over a 15-year
period yields a relatively small sample size
with 90 observations. Although the Support
Vector Regression (SVR) algorithm operates
with extreme stability and is highly effective
at preventing overfitting on this specific
small panel dataset, the restricted number of
observations inherently limits the statistical
power of the model. This small sample size may
affect the absolute robustness of the findings
when generalized or extrapolated to different
economic contexts outside the study’s scope.

Second, the use of aggregated regional-level
data captures broad macroeconomic trends
but fails to account for micro-level spatial
disparities; specifically, the macro-regional data
scale does not reflect the differential nuances
among individual provinces or cities within
a single region. This aggregation can mask
localized pull factors and unique municipal
policies, thereby limiting the generalizability of
the results to specific, localized administrative
units. Furthermore, due to the nature of
secondary data, the study cannot fully
encompass individual psychological factors,
family ties, or indigenous culture in migration

decisions. Therefore, future studies could
expand by adopting a mixed-methods
approach (Creswell & Creswell, 2017),
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combining Machine Learning models with
in-depth interview surveys and larger micro-
level datasets to forecast talent migration flows
more accurately and identify specific “expected
income thresholds” within the modern labor
market context.
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