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In today’s world, often called the digital era, large amounts of data are produced and
analyzed every second, and thus pattern discovery from such data becomes inevitable. Data
mining techniques work as powerful instruments for this purpose. In social sciences,
nevertheless, few studies have been done regarding applications of data-driven and
algorithmic methods. In this paper, the population census in 2011 was used and two
indicators namely, educational attraction and occupational attraction were designed and
implemented based on the model of Particle Swarm Optimization (PSO) algorithm in
MATLAB software. As a result of applying these two indicators, the ranking score of 22
districts in Tehran was determined. According to the results, roughly 33% of the migration to
Tehran is due to educational and occupational attractions (22% occupational, 11%
educational), while other 67% of migrations is because of other factors. In terms of migration
share, District 5 also displays the highest values in relation to educational and occupational
attraction; however, District 21 indicates the lowest migration share and attraction. The
findings show that applying intelligent algorithms within the data mining approach in the
field of Al technology considerably improves the ability of such approaches in social science
data analysis. In this respect, migration has been analyzed as a case study for illustration of
this approach.
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Introduction

In the contemporary era, characterized by the rapid expansion of digital technologies and artificial
intelligence, unprecedented volumes of data are continuously generated and transmitted. Within this data-
rich landscape, extracting meaningful information and analytically robust indicators from large-scale
datasets has become a fundamental necessity. This demand is equally pressing for the social sciences,
which rely heavily on empirical evidence for spatial and demographic analysis. However, in many
developing nations, including Iran, empirical research is frequently constrained by data scarcity,
incomplete datasets, or challenges in accessing reliable governmental repositories.

To overcome these empirical limitations, advanced data mining techniques particularly metaheuristic
optimization algorithms offer promising methodological alternatives. These algorithms possess a strong
capacity for solving highly complex, non-linear optimization problems and uncovering latent structures
within sparse or restricted datasets (Esmaeili, 2023, 240-245; Esmaeili et al., 2025, 80-83). By detecting
hidden patterns and estimating unobserved parameters from limited data, metaheuristic approaches
provide analytical insights that often elude conventional statistical and econometric methods. Among these
algorithms, Particle Swarm Optimization (PSO) stands out as a highly robust and computationally
efficient methodology. Inspired by the self-organized collective behavior observed in biological systems
such as bird flocking and fish schooling, PSO has proven highly effective in navigating complex, high-
dimensional search spaces to locate global optima (Abualigah, 2025, 1540-1543; Yazdian & Nour
Mohammadi, 2024, 4). In a standard PSO framework, candidate solutions conceptualized as particles—
move through a multi-dimensional search space, dynamically adjusting their trajectories based on both
their individual historical performance and the collective experience of neighboring particles or the entire
swarm. This decentralized, iterative process enables the swarm to converge toward optimal regions of the
solution space without the need for centralized control, relying entirely on localized information sharing
(Zhang et al., 2018, 2-7).

While metaheuristic algorithms have been extensively utilized in fields such as computer science,
engineering, and the physical sciences, their application to social phenomena remains significantly
underdeveloped. This methodological gap is particularly notable in migration studies. Human migration is
a highly complex, multi-layered spatial process driven by interacting economic, social, and demographic
push-pull factors (Jiang et al., 2019, 2-5). Modeling such dynamics requires analytical tools capable of
handling non-linear, multi-agent interactions under conditions of data uncertainty. In this context, PSO
provides a powerful agent-based computational framework for modeling intra-metropolitan migration. By
treating individual migrants as autonomous, intelligent agents navigating an urban decision space, PSO
enables a dynamic, multi-level analysis of population distribution and spatial mobility across metropolitan
areas. Applied to the Tehran metropolitan area, this swarm-intelligence approach offers a novel
perspective for uncovering latent, non-linear migration patterns. Rather than relying on static descriptive
statistics, this dynamic modeling framework facilitates a deeper systemic understanding of urban
demographic shifts, thereby supporting evidence-based urban planning and predictive policy-making.

To address the existing gap in empirical urban modeling, this study applies the PSO algorithm to
analyze intra-metropolitan migration across the 22 municipal districts of Tehran using data from the 2011
national census. By utilizing a metaheuristic framework, this research uniquely bridges the macro-micro
divide: it captures macro-level spatial flows across municipal boundaries while simultaneously simulating
the micro-level utility-maximizing behaviors of individual migrants. The primary objective of this study is
to indirectly estimate and construct two spatial indicators for Tehran’s 22 districts: an employment
attraction index and an educational attraction index. In doing so, this research contributes to the literature
by demonstrating how swarm-based optimization techniques can resolve parameter estimation challenges
in urban migration modeling, particularly in data-scarce environments.

Methodology

As established above, the principal objective of this study is to introduce an innovative and intelligent
methodological framework for the data-driven analysis of migration patterns in Tehran. To this end, the
article draws upon data mining techniques, with particular emphasis on metaheuristic algorithms, as an
effective approach to migration modeling. Given their proven ability to solve highly complex problems
and perform optimization over large, multidimensional search spaces, these algorithms offer a robust
analytical means of uncovering latent patterns and extracting meaningful insights from limited datasets.
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Among the various methods available in this domain, PSO is particularly prominent and is adopted here as
the core analytical framework of the study.

PSO was first introduced in 1995 by James Kennedy and Russell Eberhart to model the coordinated
flight patterns of bird flocks and their sudden directional shifts within groups. The algorithm is grounded
in a social psychological model of collective influence and social learning. Within this framework, each
particle operates as an autonomous agent navigating the search space and updates its position according to
two principal components: the best position it has individually experienced, referred to as the personal
best, and the best position observed within its neighborhood or the swarm as a whole, commonly known as
the global best.

This mechanism is inspired by the concept of swarm intelligence, whereby local interactions and
decentralized cooperation among agents lead to collective convergence toward a global optimum. A
defining characteristic of PSO is its lack of centralized control. Instead, it relies on distributed and self-
organizing knowledge embedded within the swarm.

As one of the most established swarm intelligence algorithms, PSO is widely applied to high dimensional
and computationally complex optimization problems. Alongside other population-based metaheuristic
algorithms such as Ant Colony Optimization, it has demonstrated strong performance across diverse
domains, including parameter optimization, engineering design, and the training of artificial neural
networks.

Findings

The findings indicate that, overall, approximately 33% of migration flows to the twenty-two municipal
districts of Tehran can be explained by employment and educational attraction factors. Of this share,
around 22% is associated with employment-related opportunities, while approximately 11% is linked to
educational attractions. The remaining migration flows (about 67%) appear to be driven by other factors
influencing migration decisions.

A comparative analysis of the districts further reveals that District 5 attracts the largest number of
migrants based on the combined employment and educational attraction indices, whereas District 21
records the lowest. When these two components are examined separately, the results show that in terms of
educational attraction, Districts 2, 4, and 15 rank immediately after District 5. In contrast, Districts 17, 16,
and 22 following District 21 display the lowest levels of educational attraction for migrants.

Discussion and Conclusion

The primary objective of this study is to advance the application of data mining approaches and
metaheuristic algorithms within the social sciences. Given the multidimensional and complex nature of
migration and its conceptual compatibility with the underlying mechanics of Particle Swarm Optimization
this study employed the PSO framework to construct two migration-related indices: an educational
attraction index and an employment attraction index.

The results demonstrate the considerable potential of PSO for intelligent index construction in the context
of migration analysis. In light of these findings, future research is encouraged to explore the use of
alternative metaheuristic algorithms for developing data-driven migration indices and for addressing
related challenges in other domains of the social sciences. Furthermore, systematic comparisons across
different metaheuristic techniques may help identify the most efficient and analytically robust methods for
this emerging line of interdisciplinary research.
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end

1 Acceleration constant.
2 Inertia weight.
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