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ABSTRACT
The digital divide between large cities and small towns is becoming a critical obstacle to sustainable spatial development for many countries. Small settlements that occupy significant territories of such countries, including Kazakhstan, face systemic restrictions in access to digital land management technologies. Therefore, to develop an effective national land management system, it is necessary to overcome the specific barriers of digitalization in small settlements. The aim of the study is to identify opportunities for bridging the digital divide and improving the effectiveness of land resource assessment and management, as well as to develop measures for the efficient use of agricultural land to ensure sustainable spatial development of small urban settlements in Kazakhstan. The methodology is based on a mixed approach, including an expert survey (n=45) and focus group discussions (n=36). Significant unevenness in the level of implementation of digital technologies has been shown, with relatively high rates for geographical information systems (3.62) and electronic cadastres (3.71), and critically low rates for blockchain (1.84) and digital twins (1.76). Statistically significant correlations have been established between introducing GIS and achieving Sustainable Development Goal 11 (r=0.78) and between integrating remote sensing data and SDG 15 (r=0.82). Four categories of barriers to digitalization (institutional, technological, socioeconomic, and informational) have been identified, and recommendations have been developed to overcome them, considering the specifics of small settlements. The results form an empirical basis for differentiated strategies for digitalizing land management and reducing digital inequality.
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1. INTRODUCTION
Digitalization of land management is becoming a key tool in achieving the Sustainable Development Goals (SDGs) (Carlsen and Bruggemann 2022) at global and regional levels (Efani et al. 2024). However, this process is characterized by unevenness, manifested in a significant digital gap between large cities and small towns. While megacities and regional centers actively implement advanced digital technologies (Kazakov et al. 2024), small settlements face serious restrictions in access to digital infrastructure and related competencies (Abdullayev et al. 2024; Zamir et al. 2022). Given that small settlements make up most territorial units in many countries, their digital lag becomes critically important for achieving the SDGs.
An analysis of international experience shows a variety of approaches to bridging the digital divide in land management in different countries, depending on the socioeconomic factors specific to the country singled out for analysis.
For example, in China, integrating digital technologies into agriculture positively impacts land use efficiency (Zhang and Zhang 2024). The greatest effect is achieved in regions with a higher rural population's digital literacy (Li and Peng 2024). The digital transformation of public administration has also positively impacted land use efficiency, facilitating innovations that meet certain SDGs (Jiang et al. 2024; Liang et al. 2022; Qiao et al. 2023).
In Ghana, the introduction of such digital land information systems as the ground-emitter location and identification system (GELIS) and environmental labelling and information system (ELIS) has significantly improved service delivery and accountability, despite the retention of paper-based document management and manual data processing in separate land registration procedures (Ahsan et al. 2024). Indonesia's experience shows that developing an enterprise architecture (EA) concept for smart rural communities can effectively integrate various technologies to optimize management processes, improve administrative services, and interact with the public (Safitri et al. 2024). However, Austria's and Germany's experience shows that introducing advanced digital technologies into land management practices may face barriers such as data quality problems (format inconsistencies, errors in source information), legal uncertainty (lack of clear regulation of digital documents), and the digital divide (unequal access to technology in different regions) (Uhlhorn et al. 2024).
The specificity of small settlements implies the increased costs of implementing digital technologies with limited resources (Ilham et al. 2025; Maier et al. 2023). The collection, processing, and integration of spatial data require substantial financial and human resources, often unavailable locally (Kabwe et al. 2024; Zulkifli et al. 2025). This creates a vicious cycle of lagging, when insufficient development of digital infrastructure limits the possibilities of economic development, which reduces the resources available for digitalization (Barboza et al. 2024).
Small settlements face specific barriers that rarely occur in large cities: limited access to highly qualified specialists, problems with the quality of Internet connections, low digital literacy of the population and local administrations, and less attraction for private investment in digital projects (Ebasan and Otadoy 2024; Nikiforova et al. 2024). However, the success of such initiatives requires the systematic development of digital solutions and their alignment with the strategic goals of territorial development.
This study examines the relationship between the digitalization of land management and the achievement of the SDGs in small towns. The focus on SDG 11, "Sustainable cities and communities," and SDG 15, "Life on land," is due to their direct link to spatial planning and land management. Additionally, the relationship with SDG 9 "Industry, innovation, technology, and infrastructure" is analyzed due to the importance of developing digital infrastructure for small settlements, as well as with SDG 16 "Peace, justice and strong institutions" in the context of increasing transparency and efficiency of land administration.
Although there is a significant body of research on digital transformation and land management, specific land management technologies, governance functions, and SDG-related outcomes have been insufficiently examined within a unified analytical framework. It is also important to note that human settlements are often viewed as miniature versions of large urban centers, although they differ significantly in terms of institutional capacity, infrastructure, human resources, and access to digital services. A gap in these studies is that they do not explain how and why specific technologies are important for sustainable spatial development in the context of territorial digital inequality.

2. LITERATURE REVIEW
An analysis of international experience allows us to identify common patterns and differences in approaches to the digitalization of land management in small settlements. Studying the practices of countries with different levels of economic development allows us to identify universal barriers to digitalization and specific approaches to overcoming them (Ahsan et al. 2024; Okembo et al. 2024). Expanding the geographical scope of analysis reveals distinct regional challenges and strategies. Land management in Western Europe has widely embraced various technologies and functions. De Vries (2022) highlighted in their study that open GIS, Digital Surface Model (DSM), discrete mathematics, and migrating bird algorithms have been explored for their integrative and analytical functionality and have been used in city master planning, land use change detection, and land distribution. They further highlighted that virtual reality and open-source databases such as PostgreSQL/PostGIS have been applied in city modeling and visualization and city-wide management. In the Netherlands, land management is digitalized through an integrated approach led by Kadaster. This approach focuses on a new, high-accuracy digital cadastral map based on the ISO LADM standard, utilizing Domain-Driven Design (DDD), Event-Driven Architecture (EDA), and standard data formats (XML, JSON) for improved interoperability. This structure relies on national frameworks like NORA and collaborative geospatial data sharing to achieve precise, automated, and integrated land administration (Hagemans et al. 2022). In the Global South regions, and Africa to be precise, the topic of digitalization is still in its rudimentary stages, and its current application is heavily focused on agriculture. Balogun et al. (2022) reported real use cases such as Farmforce, a Kenyan cloud-based mobile program designed to enhance market access and profitability for smallholder farmers by providing timely crop availability information and facilitating delivery processes. FruitLook, a South African web-based technology that improves irrigation agriculture and water use efficiency by monitoring crop production and irrigation, is critical for climate change adaptation. Additionally, FruitLook also offered weekly insights on growth parameters, including Leaf Area Index and biomass production, aiding farmers in managing crop productivity effectively.
The issues of digitalization of land management have received significant attention in the scientific literature. Special attention is paid to the role of geographical information systems (GIS) technologies in mapping and monitoring land resources (Tuleyeva et al. 2024). As noted by Reddy et al. (2020) and Mustafayeva et al. (2024), geospatial technologies, including GIS and remote sensing, improve land resource management by providing accurate data collection and spatial analysis. These technologies contribute to sustainable land management and the achievement of the SDGs, such as responsible consumption and production, climate action, and life on land (Ahmed et al. 2022). 
Within this framework, digital land management technologies are understood as governance instruments that affect different dimensions of sustainable spatial development: GIS, remote sensing, and digital monitoring primarily strengthen spatial planning and environmental control, while blockchain, electronic cadastral systems, and digital twins enhance transparency, data reliability, and the capacity for integrated, forward-looking territorial management. Accordingly, the contribution of these technologies to the SDGs is interpreted not as a general effect of digitalization, but as a differentiated set of governance mechanisms linking land administration to SDG 11, SDG 15, SDG 16, and, in the case of integrative planning tools, SDG 9.
Zabidullaeva (2024) and Ispandiari et al. (2025) note that GIS technologies improve decision-making processes in land management by analyzing spatial data, supporting sustainable land use methods, and contributing to the conservation and sustainable development of land resources. Such digitalization facilitates informed decision-making, which increases the effectiveness of land management strategies in line with the SDGs (Alipbeki et al. 2020b).
An important aspect of the digitalization of land management is the use of blockchain technologies (Bekkali and Lasri 2025). Mansoor et al. (2023) emphasize that blockchain can significantly increase transparency and reduce fraud in land transactions, which is consistent with the SDGs related to economic growth and reducing inequality. By providing secure access to property documents and facilitating the secure transfer of land, blockchain solves the problems of land disputes and corruption, contributing to efficient land use and economic activity. This study specifically highlights the connection between land management digitalization and carefully selected SDGs such as SDG 11 (Sustainable Cities and Communities), SDG 15 (Life on Land), and SDG 16 (Peace, Justice, and Strong Institutions). Land management digitalization aligns strongly with SDG 11 by enabling smart urban planning; Filho et al. (2024), in their study, highlighted the potential of AI to address complex socio-economic and environmental challenges in cities. From their findings, they concluded that AI can play pivotal roles in energy optimization, streamlined waste management, efficient traffic flow, and environmental sustainability (Martin et al. 2025). Digitalization also supports life on land by monitoring land degradation, deforestation, and biodiversity loss. Mondejar et al. (2021) explained that various technologies, such as remote sensing, Geographic Information System (GIS), smartphones, robotics, artificial intelligence, genomics, bioinformatics, and big data-based digital technologies, are being used to achieve agricultural sustainability and UN SDG targets. Under digitalization, the application of various hardware (sensors, ground robots, drones, nursery automation, robotics, robotics-based irrigation, precise fertilization at the base between densely grown crops, and automated tractors for crop harvesting), software (geo-mapping and computer imaging technology), and their combination (micro-spraying robots for targeted herbicide application and automated weed uprooting and pruning robotics with computer imaging) is already being used (Basso and Antle 2020; Li et al. 2023; Shen et al. 2023). Studies have shown that by providing access to justice through e-government, secure digital records, and data-driven governance, corruption and disputes in land administration can be reduced and transparency and accountability can be enhanced. Meskic et al. (2022) highlighted that peace, justice, and healthy institutions are all inextricably related to the rule of law, and while SDG 16 does not explicitly mention it, digitalization is critical to attaining its specific objectives. Through data protection and public access to information, e-commerce and nondiscriminatory law enforcement for sustainable development. Despite its advantages, digitalization in land management faces several challenges (Vaslavskaya et al. 2025). Akter (2022) notes that in developing countries, limited institutional capacity and misallocation of employment hinder effective digitalization. Kavuri and Ramanathan (2024) emphasize that the digital divide must be considered to effectively achieve the SDGs, as marginalized communities often face detrimental consequences due to a lack of access to digital initiatives.
This issue is particularly relevant in Kazakhstan, where there is a pronounced imbalance in settlement development (Kornilova et al. 2021). Government digitalization programs are focused on large cities and regional centers, while small settlements often find themselves on the periphery of digital transformations (Ministry of Agriculture of the Republic of Kazakhstan 2024). To create an effective national land management system, it is necessary to have a comprehensive understanding of the situation in various settlements and adapted digitalization strategies (Alipbeki et al. 2020a).
Accordingly, this study contributes to the literature by treating small settlements as a distinct territorial and governance context for land-management digitalization, by linking selected digital technologies to specific SDG-related governance outcomes, and by interpreting uneven digitalization through the interaction of institutional, technological, socioeconomic, and informational barriers. In this way, the paper connects debates on digital land governance, territorial inequality, and sustainable spatial development within a single analytical perspective.
The study addresses the following objectives:
· To identify the key aspects of the digitalization of land management in the context of the sustainable development of small towns in Kazakhstan;
· To examine the relationship between the introduction of digital technologies in land management and the achievement of specific SDGs;
· To assess the current level and effectiveness of the digitalization of land management in the cities of Kazakhstan;
· To formulate recommendations for improving the efficiency of land-management digitalization in order to support the achievement of the SDGs in the cities of Kazakhstan.

3. MATERIALS AND METHODS
We applied a mixed research approach combining qualitative and quantitative methods to comprehensively assess the effectiveness of digitalizing land management in achieving the SDGs. This approach is conditioned by the need for methodological triangulation and ensuring the validity of the results (Zaidi et al. 2021).
The study pays special attention to assessing the effectiveness of digitalization in small towns, where the digital divide is most acute and requires specific solutions. The territorial aspect plays a key role in understanding the barriers and opportunities of digitalizing land management, as different types of settlements show significant differences in access to digital infrastructure, human resources, and financial opportunities.
In Kazakhstan, small settlements are represented by cities of regional significance (up to 10,000 people), towns (at least 3,000 people), and rural settlements (at least 50 people). The study focuses on small settlements due to the need to identify specific barriers and develop adapted solutions to overcome digital inequality.
The study's structure included an expert survey of specialists in various fields, focus group discussions, and subsequent correlation analysis of the results. The study focused on including key stakeholder groups involved in land management, digitalization, spatial planning, and sustainable development; however, it did not aim to achieve statistically representative coverage of all small settlements in Kazakhstan. Therefore, the sample should be understood as reflecting a range of informed institutional and professional perspectives on the digitalization of land management rather than the full territorial diversity of small settlements across the country.
The sample was formed using the target stratified sampling method, considering professional specialization, work experience, and territorial affiliation. The average professional experience of the experts is 8.3 years.
To justify the adequacy of the expert sample, the theoretical relationship between Kendall’s coefficient of concordance and Pearson’s Chi-Square test was used to estimate the minimum level of agreement required for non-random expert concordance. For an expert panel of 45 respondents, this threshold was calculated separately for each thematic block of the questionnaire at α = 0.05. For the 7-item block, the minimum required value was W = 0.0466; for the 9-item block, W = 0.0431; and for the 5-item blocks, W = 0.0527. Thus, even a relatively low degree of expert agreement would be sufficient to confirm that the observed concordance was not random. This indicates that the number of experts included in the study (n = 45) was adequate for the purposes of the expert assessment.
To conduct focus group discussions, we formed four groups with 8-10 people in each group.
To conduct the expert survey, we developed a structured questionnaire containing 26 questions organized into thematic blocks (Table 3).
The questionnaire included both closed-ended (using a 5-point Likert scale) and open-ended questions. The reliability of the survey was verified by calculating Cronbach's alpha coefficient (α=0.82), which indicates a high level of internal consistency.
We developed a guide for conducting focus group discussions, structured into six thematic blocks (Table 4).
Focus groups were conducted with mandatory audio recording (with the participants' consent) and subsequent transcription of the materials.
The expert survey was conducted online using a specialized research platform. Each expert received an individual link to the questionnaire with instructions for filling it out. The data collection period was 14 days, with checkpoints on days 7 and 12 to monitor the participation rate.
Focus group discussions were held after the completion and preliminary analysis of the expert survey results, which allowed us to consider the data obtained when formulating additional questions. The discussions were held in a mixed format (face-to-face and online) using video conferencing platforms.
The analytical tools of the study included the following methods (Fig. 1).
To process quantitative data, the statistical package SPSS 26.0 was used, and the qualitative analysis was carried out using the NVivo 14 software.

4. RESULTS 
The expert survey results were analyzed to determine the current level of digitalization of land management in small settlements of Kazakhstan. Table 5 summarizes the assessment data of various aspects of digitalization on a 5-point scale (where 1 is the minimum level and 5 is the maximum level). 
The analysis of the expert survey results showed significant unevenness in developing various aspects of land management digitalization in small settlements in Kazakhstan. According to the data, traditional digitalization tools, such as electronic cadastral systems and GIS, demonstrate a relatively high level of implementation, which can be explained by their priority in government digital development programs. Innovative technologies like blockchain and digital twins show significantly lower adoption rates, corresponding to global trends in the initial adaptation stage of these technologies, especially in small settlements.
The analysis of the coefficient of variation shows a high degree of consistency of expert assessments on traditional technologies (GIS, electronic cadastres) and a significant spread of opinions on innovative areas (blockchain, digital twins), which reflects differences in the experience of experts interacting with these technologies. A total of 45 experts participated in the survey; however, the correlation analysis was conducted on 35 valid cases only, as questionnaires with missing responses for one or more variables included in the correlation matrix were excluded. Thus, only complete cases were retained for the Spearman analysis to ensure comparability across the analyzed variables.
The results of the correlation analysis of the expert survey data showed the relationship between various aspects of digitalization of land management and progress towards achieving specific SDGs (Table 6).
The correlation analysis of the expert survey data showed the relationship between various aspects of the digitalization of land management and progress in achieving specific SDGs. The analysis showed statistically significant correlations between the introduction of GIS and the achievement of SDG 11 and between the integration of remote sensing data and the achievement of SDG 15. Blockchain demonstrated the strongest correlation with SDG 16 related to the development of strong institutions. Small settlements in Kazakhstan are characterized by higher correlation indicators between spatial technologies and the achievement of the SDGs, which reflects the special importance of these technologies for the sustainable development of these territories.
The results of the thematic analysis of the focus group materials allowed us to systematize the main barriers to effective digitalization of land management and formulate recommendations for overcoming them (Table 7).
The analysis shows that the most significant barriers to effective digitalization of land management are regulatory restrictions (86.1%), lack of qualified personnel (83.3%), and insufficient infrastructure (80.6%).

5. DISCUSSION
The identified barriers point to the need for targeted and evidence-based policy responses; however, the present findings support more cautious conclusions regarding the scale and immediacy of such interventions. The institutional barriers call for an improvement of legislation concerning digital cadastres and electronic document management, as outdated laws currently create legal uncertainty that stifles innovation. Examples of these policies include the Digital India Land Records Modernisation Programme (DILRMP), which creates a unified land management system by digitalizing all textual data (Bhardwaj and Pande 2022). Another case study is the e-government initiatives in Slovenia and Macedonia, where legal frameworks and structural systems are used in collecting and unifying spatial land data (Jovanovic-Milenkovic and Petrovic 2023). On the other hand, technological barriers will greatly benefit from Smart City/Digital Village projects. However, these structures should be accompanied by zoning planning based on the degree of digital development of villages in combination with the factor influence and its driving mechanism, and they should encourage regional linkage and common development and governance through top-level design. This can encourage upward growth in digital literacy and stop the digital gap from widening (Zhang et al. 2023). In addition to smart cities, a data-driven government and the digitalization of public services will greatly affect the socio-economic barrier and boost digital literacy and the economy at large. It is important to note that open government data policies will enhance citizen engagement and participation in decision-making and ensure transparency and accountability across the board. At the same time, these implications should be interpreted as medium-level policy directions rather than as directly validated large-scale prescriptions, since the empirical material of the study is based on expert assessments and focus-group evidence. This cause-effect alignment ensures that recommendations are not merely generic solutions but are strategically designed to dismantle specific root causes of digitalization failure in small to large settlements (Quarati and Albertoni 2024).
The obtained data allow us to formulate several theoretical and practical conclusions that are important for the digitalization of land management in small settlements in Kazakhstan. First, the results show that digitalization in small settlements is not uniform across technological domains, but is concentrated in tools that are already more institutionally embedded and operationally familiar, particularly GIS and electronic cadastral systems. Second, the findings suggest that the contribution of digital technologies to sustainable spatial development is differentiated, because specific tools are associated with different governance functions rather than with a single general effect of digitalization.
The institutional barriers identified in the study (regulatory restrictions: 86.1%, lack of cooperation between agencies: 75.0%, lack of uniform standards: 63.9%) are particularly important. In contrast to the research conducted by Akter (2022) on the material from Bangladesh and Indonesia, where institutional barriers were manifested mainly in the form of improper employment distribution, the limited institutional capacity of local administrations plays a key role in Kazakhstan. This finding is important because it indicates that in small settlements the effectiveness of digitalization depends not only on access to technologies, but also on the ability of institutions to coordinate, standardize, and integrate digital procedures into everyday land-governance practice.
Lack of cooperation between agencies as a barrier to digitalization is particularly acute due to the lack of effective coordination mechanisms between local and regional levels of government. In contrast to the study showing significant progress in overcoming this barrier in China (Qiao et al. 2023), which is a geographical neighbor of Kazakhstan, our study shows that inter-agency coordination remains a critical problem. A useful comparative perspective is also provided within the context of Turkey, where land administration digitalization has progressed through nationwide reforms, including the Land Registry and Cadastre Information System (TAKBIS) for digitizing land-registry and cadastre records and later interoperability-oriented cadastral data modeling (TKGM 2019). However, the Turkish case also demonstrates that even relatively advanced digital land-administration systems require continued data harmonization, institutional coordination, and integration across public bodies (Ustaoglu and Aydinoglu 2019). This comparison supports our conclusion that in Kazakhstan’s small settlements, the main challenge lies not only in digitization itself, but in building the institutional and infrastructural conditions necessary for digital tools to operate as a coherent land-management system.
An analysis of the technological aspects of digitalization shows that small settlements are significantly lagging in applying new technologies. Thus, with relatively high rates of GIS adoption (3.62) and electronic cadastral systems (3.71), the level of use of blockchain (1.84) and digital twins (1.76) is critically low. This pattern indicates that the digitalization of land management in Kazakhstan’s small settlements remains uneven across technological domains and is still concentrated in more established and institutionally embedded tools. Technological barriers, such as insufficient infrastructure (80.6%), poor quality of source data (72.2%), and problems integrating legacy systems (69.4%), are particularly acute in small settlements. These barriers weaken not only the adoption of innovative technologies, but also the ability of existing systems to function as parts of a coherent digital land-management framework. 
To scale innovative technology adoption in resource-constrained environments, it is important to consider not only technical performance, but also affordability, connectivity constraints, and institutional readiness at the local level. In such settings, particular attention should be given to solutions that can operate under low-power conditions, limited bandwidth, and intermittent connectivity. In this regard, previous studies have highlighted the potential of blockchain technology in different fields. S. and K. (2025) proposed a blockchain framework emphasizing affordability, inclusivity, and offline functionality while maintaining security and scalability. Paavo et al. (2025) also demonstrated the practical relevance of blockchain for land registration in rural Namibia, while other studies discussed its broader potential in agriculture and decentralized governance (Gurusamy et al. 2025; Merrell 2022). At the same time, the findings of the present study suggest a more cautious interpretation for Kazakhstan’s small settlements: although blockchain may be relevant for transparency and secure land records, its current level of implementation remains too limited to support broad conclusions about immediate large-scale applicability.
A similar logic applies to digital twins. In principle, their implementation in rural areas may rely on cloud-based platforms and modular templates for typical settlement types, which could reduce infrastructure costs and lower technical-entry barriers. However, before any wider rollout, such approaches require pilot testing to assess their technical and financial feasibility under local conditions. More broadly, digital twins and related smart-territory solutions may strengthen resource management, planning, and coordination through the use of IoT-based and AI-supported systems, including those relevant for agriculture and rural services (Monteiro and Barata 2025). Nevertheless, in the context of Kazakhstan’s small settlements, the empirical evidence of this study supports selective pilot implementation and staged institutional adaptation more strongly than universal rollout.
The high coefficients of variation in innovative technologies (blockchain: 49.5%, digital twins: 47.2%) indicate the unevenness of their implementation even among small settlements. Urban settlements demonstrate more favorable conditions for innovation than rural settlements, which creates an additional level of digital inequality.
In contrast to the model proposed by Okembo et al. (2024), small settlements of Kazakhstan demonstrate fragmentation of digital transformation. The lack of system integration of technological solutions significantly reduces the effectiveness of digitalization and requires the development of an integrated approach, considering the specifics of the differences between small settlements depending on the region in which they are located (Tleshpayeva et al. 2025).
Correlation analysis showed significant correlations between various aspects of digitalization and the achievement of the SDGs in small settlements. A particularly pronounced correlation between the introduction of GIS and SDG 11 (r = 0.78) confirms the key role of spatial technologies for the sustainable development of small settlements. This coefficient is significantly higher than in the Zabidullaeva study (2024), where it was r = 0.65 for large cities, which underlines the special value of GIS specifically for small settlements, where other spatial planning methods are less accessible.
The high correlation between the integration of remote sensing data and SDG 15 (r = 0.82) reflects the potential of this technology for small settlements, where traditional monitoring of land resources is difficult due to a lack of personnel and funding (Yildirim and Tufekcioglu 2024). Blockchain demonstrates a strong connection with SDG 16 (r = 0.76), which indicates its importance for increasing transparency of land relations in conditions of limited institutional potential of small settlements (Sagandykova et al. 2024).
Among the socioeconomic barriers, the lack of qualified personnel (83.3%) and the digital divide between cities (77.8%) are particularly significant for small settlements. These factors confirm the thesis of Kavuri and Ramanathan (2024), Morea and Sciortino (2021) on the need to consider the social aspects of digitalization, but with an emphasis on the territorial dimension of digital inequality.
In small settlements in Kazakhstan, the problem of providing enough personnel for digitalization is exacerbated by the systemic outflow of qualified specialists to large cities. According to our study, the degree of satisfaction with the human resource potential for introducing digital technologies in rural settlements is only 2.14 points on a 5-point scale, while in urban settlements, this indicator reaches 2.87.
The barriers of limited funding (61.1%) are particularly visible in small settlements, given their limited tax base. These findings suggest that the most immediate policy priority is not the broad deployment of advanced technologies, but the strengthening of those digital tools that already show practical relevance in small settlements, particularly GIS, electronic cadastral systems, and remote sensing. According to the experts who participated in the study, solving this problem in the next 5-7 years is impossible without significantly revising the financing mechanisms for digital projects and introducing special public-private partnership programs for small settlements.
The identified information barriers (lack of user awareness (58.3%) and problems of information accessibility (52.8%)) also have pronounced territorial specifics. In practical terms, this supports policy measures aimed at improving local digital capacity through training programs, shared technical support, and better access to integrated digital services at the regional level. In small settlements, they are aggravated by the population's lower digital literacy and limited access to educational resources (Imanbayeva et al. 2024; Miralles-Garcia 2023).
Information barriers enhance the effect of technological and socioeconomic constraints, creating a vicious circle of lagging. According to the focus groups' results, representatives of small settlements note that "even if there are technical capabilities for using digital services, the lack of information about them and the skills to use them significantly limits the effectiveness of digitalization."
Our results indicate the need to integrate traditional (GIS, electronic cadastres) and innovative (blockchain, digital twins) technologies into a single land management system for small settlements (Khuzhakhmetova et al. 2024). At the same time, the present evidence suggests that blockchain and digital twins should be treated as medium- to long-term directions, with priority given to selective pilot testing rather than immediate large-scale implementation. This conclusion is consistent with Mansoor et al.'s concept of the complementarity of digital technologies (Mansoor et al. 2023). However, it requires adaptation to the specifics of small settlements in Kazakhstan, where resource, personnel, and infrastructure constraints create special conditions for digital transformation.
Synchronizing the technological and organizational components of digital transformation, considering the identified institutional barriers, is critically important for small settlements in Kazakhstan (Janteliyev et al. 2022). This approach corresponds to that proposed by Ahsan et al. (2024) but requires a more pronounced emphasis on forming a multi-level institutional environment that ensures effective interaction between national, regional, and local levels of land management. These findings have important ramifications for Kazakhstan's administrative reform and regional planning. The need for regional digital development hubs that can offer clusters of small settlements shared infrastructure and technical support is highlighted by the ongoing digital divide and dispersed agency cooperation. To guarantee cohesive development, the results also support the inclusion of explicit digital capacity-building and inequality-mitigation metrics in the main goals of regional spatial planning frameworks. 

6. CONCLUSIONS
Our study not only provides a comprehensive assessment of the current state of digitalization of land management in small towns in Kazakhstan but also forms a methodological and empirical basis for bridging the digital divide and ensuring sustainable spatial development of small urban settlements.
The study's main limitation is our inability to conduct a longitudinal analysis of the dynamics of digitalization due to the project's short-term nature. Furthermore, methodological triangulation partially compensated for the subjectivity of expert assessments, but it cannot be completely excluded. Small settlements represent an extremely heterogeneous group of research objects, making it difficult to generalize the results to their totality. Additional difficulties arise from the temporal limitations of the data collection, which offers a glimpse of digitalization challenges and correlations but fails to capture longitudinal patterns or the changing technology landscape. The findings provide a comprehensive empirical foundation for Kazakhstan, but their direct applicability to other national contexts may be constrained by distinct institutional, socioeconomic, and geographical attributes. However, the identified typology of barriers and the methodology itself hold transferable value for similar analyses in other regions. Noteworthily, the strong potential for policy translation highlighted in the study is evident in its specific, context-aware recommendations, such as developing unified digital platforms, investing in rural digital infrastructure, and creating targeted educational programs, which provide actionable pathways for policymakers to bridge the digital divide and align land management practices with Sustainable Development Goals.
A promising area of further research is developing and testing pilot models of digitalization of land management, adapted to the specifics of various small settlements in Kazakhstan. Considering the critical impact of institutional barriers identified in our study, it becomes especially relevant to study the mechanisms for forming an effective multi-level land management system.
Our study not only provides a comprehensive assessment of the current state of digitalization of management in small towns in Kazakhstan but also forms a methodological and empirical basis for bridging the digital divide and ensuring sustainable spatial development of rural areas and small urban settlements.
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Table 1: Categories of experts who participated in the survey (n=45)
	Expert category
	Number, people
	Fraction, %

	Representatives of government agencies responsible for land management and territorial planning
	12
	26.7

	Experts in GIS and digitalization
	8
	17.8

	Experts in sustainable development and ecology
	7
	15.6

	Representatives of private companies working in land management and territorial planning
	8
	17.8

	Researchers and university professors in Kazakhstan
	10
	22.2

	Total
	45
	100.0



Table 2: The number of participants in focus group discussions (n=36)
	Group of participants
	Number, people
	Fraction, %

	Representatives of city administrations
	9
	25.0

	Experts in digitalization and IT
	8
	22.2

	Experts in sustainable development and representatives of environmental organizations
	10
	27.8

	Users of land information systems (business representatives, construction companies, architects)
	9
	25.0

	Total
	36
	100.0



Table 3: The structure of the questionnaire for the expert survey (n=26 questions)
	No.
	Thematic block
	Number of questions
	Fraction, %

	1
	Assessment of the current level of digitalization of land management
	7
	26.9

	2
	The relationship between digitalization and the achievement of specific SDGs
	9
	34.6

	3
	Barriers and challenges of effective digitalization
	5
	19.2

	4
	Recommendations for improving efficiency
	5
	19.2

	
	Total
	26
	100.0



Table 4: The structure of the focus group discussion guide
	No.
	Thematic block
	Main issues for discussion
	Total time, min.

	1
	Perception of the current level of digitalization of land management
	Assessment of existing digital solutions, their accessibility, and convenience for small settlements
	15-20

	2
	Assessment of the impact of digitalization on sustainable urban development
	The connection of digitalization with the achievement of the SDGs in small settlements, socioeconomic effects
	15-20

	3
	Problems and barriers to effective digitalization
	Identification of technical, personnel, financial, and institutional barriers
	15-20

	4
	Opportunities and prospects for the use of new digital technologies
	Discussion of the potential of GIS, blockchain, and digital twins for small settlements
	15-20

	5
	Recommendations for improving the efficiency of digitalization
	Proposals to overcome the identified barriers, priority areas of development
	15-20

	6
	Specific cases and best practices
	Exchange of experience in the successful digitalization of land management
	15-20

	
	Total duration
	
	90-120



Table 5: Assessment of the current level of digitalization of land management in small settlements of Kazakhstan (n=45)
	Aspect of digitalization
	Average score
	Standard deviation
	Coefficient of variation (%)

	GIS
	3.62
	0.73
	20.2

	Blockchain
	1.84
	0.91
	49.5

	Digital twins
	1.76
	0.83
	47.2

	Remote sensing data
	2.94
	0.76
	25.9

	Electronic cadastral systems
	3.71
	0.64
	17.3

	Digital land use monitoring systems
	2.78
	0.85
	30.6

	Digitalization of urban planning documentation
	3.25
	0.71
	21.8



Table 6: Correlation between aspects of digitalization and progress towards achieving the SDGs (Spearman correlation coefficient, n=35)
	Aspect of digitalization
	SDG 9 (Industry, innovation, technology, and infrastructure)
	SDG 11 (Sustainable cities and communities)
	SDG 13 (Climate action)
	SDG 15 (Life on land)
	SDG 16 (Peace, justice, and strong institutions)

	GIS
	0.67**
	0.78**
	0.59**
	0.71**
	0.43*

	Blockchain
	0.62**
	0.41*
	0.21
	0.18
	0.76**

	Digital twins
	0.75**
	0.64**
	0.58**
	0.46*
	0.32

	Remote sensing data
	0.56**
	0.65**
	0.79**
	0.82**
	0.28

	Electronic cadastral systems
	0.53**
	0.61**
	0.31
	0.44*
	0.73**

	Digital land use monitoring systems
	0.48*
	0.72**
	0.64**
	0.69**
	0.54**

	Digitalization of urban planning documentation
	0.51**
	0.63**
	0.37*
	0.42*
	0.65**


*p < 0.05; **p < 0.01

Table 7: Barriers to effective digitalization of land management and recommendations for overcoming them (based on a thematic analysis of focus group materials, n=36)
	Specific barriers
	Frequency of mentions (%)
	Recommendations for overcoming

	Barrier category: Institutional

	Regulatory restrictions
	86.1
	Improvement of legislation in digital cadastre and electronic document management

	Lack of cooperation between agencies
	75.0
	Creation of a unified digital land management platform

	Lack of uniform standards
	63.9
	Development and implementation of national standards for the digitalization of land administration

	Barrier category: Technological

	Insufficient infrastructure
	80.6
	Investments in the development of digital infrastructure, especially in small towns

	Legacy system integration issues
	69.4
	Development of technical solutions for the integration of existing and new information systems

	Low quality of the source data
	72.2
	Conducting a digital land inventory using modern technologies

	Barrier category: Socioeconomic

	Lack of qualified personnel
	83.3
	Development of educational programs on digital technologies in land management

	Digital divide between cities
	77.8
	Creation of regional competence centers in the field of digital land management

	Limited funding
	61.1
	Implementation of public-private partnerships in digitalization projects

	Barrier category: Informational

	Lack of user awareness
	58.3
	Conducting information campaigns about the benefits of digitalization

	Information accessibility issues
	52.8
	Development of open geoportals and services with public access



Statistical analysis of quantitative data
Calculation of descriptive statistics (average values, standard deviations, frequency distributions)
Correlation analysis to identify the relationships between various aspects of digitalization and SDG achievement indicators (according to Spearman)
Qualitative data analysis
Thematic content analysis of answers to open questions
Encoding transcripts of focus groups with highlighting of key thematic categories
Identification of typical and atypical opinions, as well as consensus and discussion issues
Methodological triangulation
Integration of quantitative and qualitative analysis results
Comparison of data obtained by various methods
Forming comprehensive conclusions based on complementary results
Processing of the received results

Fig. 1: Methods of processing the results
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