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Abstract

This study employed a methodology of future studies to identify the key drivers of sustainable rural development
in Ardabil County with a specific focus on the role of Artificial Intelligence (Al). As an exploratory and applied
analytical study, it utilized a mixed-methods approach. Following a review of library and documentary sources,
qualitative data were collected through open-ended questionnaires and document analysis, while quantitative
data were gathered via a weighted Delphi survey. A set of rural development indicators was presented to a panel
of 25 experts. Using a cross-impact matrix (scaled 0-3), they evaluated the impact and susceptibility of each
factor to identify the most influential drivers. The analysis of factor dispersion revealed a currently unstable
system with most variables scattered around the diagonal axis of the matrix. From an initial set of 22 factors, 12
Al-related drivers were identified as the most critical for the future of sustainable rural development in Ardabil
County based on their high direct impacts and influence scores. Among these, 6 were found to be of paramount
significance: 1) development of technological infrastructure; 2) implementation of pilot projects; 3) Al-enabled
good rural governance; 4) allocation of dedicated research budgets; 5) alignment with global Al standards; and
6) promotion of Al-based startups in agriculture and related sectors. The study concluded that Al-driven rural
development is a multifaceted phenomenon. Its realization depends not merely on technological investment but
on a holistic ecosystem. This ecosystem must include robust hardware and software infrastructure, enhanced
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institutional capacity, smart governance models that foster inter-sectoral coordination, data transparency,
targeted research funding, human capital development, and cultivation of social trust in technology.

Keywords: Artificial Intelligence (Al), Sustainable Rural Development, Future Studies, Driver, Ardabil County.

Introduction
Artificial Intelligence (Al) is rapidly transforming key sectors with an undeniable potential to reshape rural
development. By driving revolutionary changes in healthcare, agriculture, education, tourism, and
entrepreneurship, Al is poised to significantly enhance the quality of life in rural communities. However,
harnessing this potential in the rural areas of Ardabil County requires a fundamental transition from traditional
structures to intelligent, digitally-enabled platforms. This transition faces distinct challenges as rural regions
typically encounter greater infrastructural and capacity-related obstacles in digital and Al adoption than their
urban counterparts. Consequently, it is essential to identify and understand the critical factors and drivers that
will influence its future trajectory to ensure that Al development proceeds on a suitable foundation. This study
aimed to analyze these key drivers affecting the future of sustainable rural development with a specific emphasis
on Al. In this context, raising awareness among policymakers, officials, and rural communities about the
tangible benefits of Al is a vital step. Such understanding is crucial for fostering the necessary support and
facilitating effective implementation across various fields of rural development.

This study was conducted to analyze these drivers affecting the future of rural development with a specific
focus on artificial intelligence. Raising awareness among officials and the rural community about the benefits of
leveraging Al is essential as it can effectively promote development across various rural sectors.

Materials & Methods

This applied study adopted an exploratory and analytical design by utilizing a mixed-methods approach within a
futures research framework to identify the key drivers of sustainable rural development with a focus on Artificial
Intelligence (AI). The study’s expert panel consisted of 25 specialists and professionals in the field of rural
development in Ardabil County. Data collection and analysis proceeded in 3 stages:

Stage 1: Factor Identification: To compile an initial list of key factors, structured interviews were conducted
with the panel using a Delphi method. Indicators and components related to rural development across various
dimensions were first compiled from a literature review and then presented to the experts. Based on their
assessment, an initial set of 26 influential variables was identified.

Stage 2: Factor Refinement: Following a review of expert feedback in a subsequent Delphi round, this list
was refined to a final set of 22 consensus-based variables.

Stage 3: Cross-Impact Analysis: These 22 factors were then incorporated into a cross-impact matrix. Experts
were asked to score each pair of factors on a scale from 0 to 3, representing the perceived degree of direct
influence and susceptibility between them. This quantitative data derived from the weighted Delphi
questionnaire responses formed the basis for determining the relative impact and influence of each driver.

Research Findings

This study analyzed the opinions of 25 specialists to identify the key drivers affecting the future of sustainable
rural development with an emphasis on Artificial Intelligence (Al) in Ardabil County. Based on the 22 final
factors determined through the Delphi process, a 22x22 cross-impact matrix was constructed.

The results demonstrated strong methodological validity. After 3 iterations of data rotation, the analysis
achieved 100% desirability. Furthermore, the matrix filling rate was 92.14%, indicating a high degree of
perceived interdependence among the factors.

The dispersion of the 22 factors on the coordinate plane revealed that the future state of Al-based rural
development at the county level was unstable. The majority of factors were scattered near the diagonal axis,
suggesting they shared a similar systemic status while differing in their relative intensity of influence.

The distribution of variables across the matrix quadrants was as follows: 12 factors were classified as key,
two-dimensional drivers; 1 factor was an influencing variable; 4 were influenced; 3 were independent; and 2
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were regulatory. Following scoring and analysis using the MicMac model, 12 factors were ultimately selected as
the key drivers. Among these, the following six were identified as the most significant:

1. Development of technological infrastructure

2. Implementation of pilot projects

3. Al-enabled development of good rural governance

4. Allocation of dedicated research funds

5. Alignment with and adherence to global standards

6. Promotion of Al startups in agriculture, handicrafts, and related sectors.

Discussion of Results & Conclusion

The findings indicated that multiple initiatives and projects were actively seeking to leverage Atrtificial
Intelligence (Al) for rural development in Ardabil County. The primary objective of these efforts was to
empower rural communities by facilitating access to Al technologies and equipping residents with the necessary
skills and knowledge for their effective application. This focus on capacity-building was designed to enhance
local competencies and create opportunities for skill development directly relevant to emerging industries and
regional challenges. Notably, experts emphasized the importance of providing practical hands-on training to the
rural community prior to the widespread adoption of Al technology. Such preparatory education was essential
for fostering an informed understanding of AI’s practical applications and benefits. The strategic implementation
of new Al infrastructure and technologies was poised to serve as a foundational platform for county-wide rural
development.

Beyond spurring local growth, this integration has the potential to reduce the development gap between urban
and rural areas. With appropriate policy and planning, these advancements can significantly increase the
attractiveness and vitality of rural centers. Furthermore, Al presents transformative opportunities for rural
businesses, enabling them to develop, grow, and access new markets. The analysis highlighted the emergence of
Al-enabled smart governance as a next-generation model for the study area. This approach termed good rural
governance under Al offers a framework for ensuring equitable and sustainable prosperity. It provides a
mechanism to systematically address and secure the interests of villagers, businesses, and rural management,
thereby fostering a more holistic and resilient development pathway.
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Table 1: Conceptual and operational definition of research variables, their relationship to rural planning, and their
ultimate position in the research framework
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Figure (1). Geographical location of the study area
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Table (2). Initial matrix analysis of data and their cross-effects
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Figure (2). Influence and impact diagram of key factors
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Table (3). Propellants in the dispersion plane regions
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Table (4). List of the top 12 factors with the highest direct and indirect impact
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Figure (3). Direct effects of variables (MDI) on each other (very strong effects)
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Potential indirect influence graph
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Figure (4). Indirect effects of variables (MDI) on each other (very strong effects)
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