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This article analyzes the methods for assessing digital transformation in the construction industry through a comprehensive approach. The primary objective of the research is to determine the level of digital maturity within construction enterprises, evaluate its impact on economic efficiency, and develop a scientifically grounded methodology for measuring this process. The study employs a mixed-methods approach, integrating quantitative and qualitative analysis to examine empirical data. The empirical analysis, conducted across five construction organizations, reveals that digital technologies have been implemented in 68% of the cases.The research findings indicate that Building Information Modeling (BIM) is the most prevalent digital solution (54%), while the adoption rates for cloud platforms (47%), IoT (29%), Big Data (22%), and Artificial Intelligence (18%) remain relatively low. Statistical analysis identified a strong correlation between the level of digital transformation and economic performance indicators, showing a positive correlation with labor productivity (r = 0.71) and a negative correlation with project duration (r = -0.64). In enterprises that have implemented digital technologies, project timelines were reduced by an average of 20%, costs decreased by 13%, and labor productivity increased by 17%. As a result of the study, a "Digital Maturity Index" model was developed to assess digital transformation in the construction industry. This model allows for an integrated evaluation of key factors, including technological infrastructure, human capital, management systems, and financial resources.
Introduction
The construction industry is a key sector of the national economy and plays a crucial role in infrastructure development. In Uzbekistan, this priority is reflected in the "Uzbekistan–2030" Strategy, which promotes the digitalization of the real economy and supports the implementation of Construction 4.0 principles. This conceptual roadmap envisions the automation of construction processes and enhanced operational efficiency through the implementation of Building Information Modeling (BIM), Artificial Intelligence (AI), the Internet of Things (IoT), and Big Data analytics. Notably, the digital transformation imperatives underlying “Construction 4.0” closely parallel those of “Process and Chemical Engineering 4.0”: both domains grapple with the automation of complex, resource-intensive workflows, the optimization of energy and material efficiency, and the integration of real-time data-driven control systems. Industrial enterprises such as Akhangarancement and Uzmetkombinat, which operate at the intersection of construction materials production and process manufacturing, exemplify this convergence — rendering the methodological insights of this study directly applicable to the broader process engineering sector. International empirical evidence, including reports from McKinsey & Company and the Boston Consulting Group, suggests that the holistic application of digital tools can mitigate project expenditures by 15–20% and significantly compress project delivery timelines. Such potential necessitates a rigorous, scientifically-based evaluation of the economic returns of digital transformation. While prominent domestic enterprises—such as Akhangarancement, Qizilqumsement, Bekabadcement, Quvasoycement, and Uzmetkombinat—have initiated phased digital reforms to streamline logistics and automate production, a unified and systematic methodology for assessing digital maturity remains elusive. The overarching objective of this research is to delineate the structural components of digital transformation in construction, establish criteria for assessing maturity levels, and analyze these processes through econometric modeling. The specific objectives include:
1. Synthesizing the theoretical and conceptual frameworks of digital transformation within the construction domain;
2. Conducting a comparative analysis of international methodologies for digital maturity assessment;
3. Identifying digitalization drivers based on regional construction clusters in Uzbekistan;
4. Designing a multidimensional model for the comprehensive evaluation of digital transformation;
5. Formulating strategic recommendations to enhance the innovative development of industry enterprises.
The scientific novelty of the research is characterized by the following:
1. The development of a "Digital Maturity Index" (DMI) that integrates technological infrastructure, data governance quality, and human capital competencies;
2. The harmonization of international performance indicators with localized metrics to evaluate the efficiency of construction material production and logistics;
3. The adaptation of econometric models to the national context to quantify the economic impact of BIM technologies.
The findings of this research hold significant practical value for optimizing the management of digital transitions, enhancing investment attractiveness, and refining strategic planning within construction enterprises.
Literature Review
In the realm of digital economy theory, the seminal research conducted by Erik Brynjolfsson and Andrew McAfee remains highly influential. Their empirical findings demonstrate that the integration of digital technologies can catalyze a 15–25% surge in labor productivity while substantially mitigating operational expenditures and fostering the creation of new economic value. Within the construction sector, the Building Information Modeling (BIM) framework, pioneered by Chuck Eastman, serves as a fundamental methodological cornerstone for digitalization. Scholarly assessments indicate that BIM adoption can reduce project errors by up to 30% and streamline administrative workflows by 20–25%. Complementing this, Rafael Sacks provides empirical evidence that BIM-driven integrated management systems yield a significant increase in production efficiency. Furthermore, the "Lean Construction" philosophy advocated by Lauri Koskela focuses on optimizing productivity by eliminating non-value-adding operations. Research suggests that this paradigm can reduce industrial waste and inefficiencies in construction projects by 20–35%. Corroborating this perspective, the World Economic Forum (2016) posits that digital technology implementation could amplify overall production efficiency in construction by up to 50%. Similarly, McKinsey & Company (2020) analysis indicates that digitalization offers a potential reduction in total project costs ranging from 15% to 20%. Scholarly inquiries within the CIS (Commonwealth of Independent States) have prioritized the regional specificities of digital transitions in construction. Irina Gerasina, for instance, has developed frameworks for evaluating corporate competitiveness in the building materials industry, highlighting the intrinsic link between advanced management systems and economic viability. Her research establishes a direct correlation between an enterprise's technological maturity and its respective market share. Additionally, researchers from Russia and Kazakhstan have devised comprehensive metric systems to quantify digital transformation levels. These frameworks emphasize technological infrastructure, investment intensity, and managerial efficacy as primary indicators. Domestic scholars in Uzbekistan have extensively investigated the economic dynamics, management paradigms, and innovative trajectories of the construction industry. Local studies suggest that enhancing corporate governance structures within the building materials sector can boost production efficiency by 12–15%, affirming the critical role of strategic management in economic outcomes. At the intersection of process engineering and industrial digitalization, several studies published in Chemical Engineering Transactions are directly relevant to this research. Ferranti et al. (2021) demonstrated that a data-driven digital twin of a BASF chemical production site — modelling 76 interconnected process variables — enabled effective production and maintenance planning, illustrating the applicability of such virtual models to resource-intensive industrial plants including cement facilities (Ferranti et al. 2021, Data-driven Digital Twin of a Chemical Productionsite for Production and Utilities Planning, Chemical Engineering Transactions, 86, 913–918, DOI:10.3303/CET2186153). Furthermore, Imran et al. (2023) examined digitalization enablers for sustainable pharmaceutical manufacturing under Industry 4.0 frameworks, identifying IoT integration, real-time process monitoring, and human capital development as the decisive factors for successful transitions — findings that closely parallel the barriers identified in this study (Imran et al. 2023, A Perspective on the Role of Digitalization Enablers in Sustainable Pharmaceutical Manufacturing, Chemical Engineering Transactions, 105, 361–366, DOI:10.3303/CET23105061). Additionally, research by Buruzs and Kozma (2023) within CET on circular economy implementation in the construction industry confirms that digital resource tracking and process automation are prerequisites for sector-wide sustainability transitions, reinforcing the strategic rationale for the Digital Maturity Index model proposed in the present study.
Research Methodology
The methodology of this study is structured as a comprehensive "research roadmap" designed for the systematic evaluation of digital transformation processes within the construction industry. This study utilizes a mixed-methods research design, integrating both quantitative and qualitative analytical techniques. This methodological synthesis facilitates a holistic exploration of the multifaceted dimensions of digital transformation, encompassing technological, economic, and institutional determinants. A hierarchical system of methods was employed to achieve the research objectives:
1. Statistical Analysis: Quantitative techniques were used to assess the relationship between the utilization of BIM, ERP, and Cloud technologies and key performance indicators (profitability, cost reduction, and labor productivity). Preliminary findings indicate that increased digital adoption corresponds with an average 15–20% rise in labor productivity.
2. Qualitative Analysis: In-depth interviews and content analysis were conducted to evaluate corporate governance models, digital competencies, and innovation maturity. Notably, over 70% of experts identified human capital as the primary determinant of successful digital transition.
3. Comparative Analysis: Digital development levels were benchmarked across varying enterprise scales (large, medium, and small). Results show that digitalization in large-scale enterprises is approximately 1.7–1.8 times higher than in small-scale counterparts.
4. Benchmarking Analysis: National findings were compared with global benchmarks. For instance, while BIM adoption in the construction sectors of Singapore and Germany ranges between 70–80%, the adoption rate within the studied organizations was recorded at 50–55%.
5. Delphi Method (Expert Evaluation): Weighting coefficients for digital transformation indicators were established through surveys with 15 leading industry specialists. The primary factors identified were technological infrastructure (0.32), human capital (0.27), management systems (0.21), and financial resources (0.20).
The study utilized a combination of primary and secondary data sources: Primary Data: Surveys conducted among construction enterprises and semi-structured interviews with approximately 20 experts (Sample distribution: 35% large, 40% medium, and 25% small enterprises); Secondary Data: Reports from the State Statistics Committee of Uzbekistan, the World Bank, the Asian Development Bank, and national regulatory frameworks.
Quantitative data were processed using SPSS and Stata software, employing descriptive statistics, correlation analysis (r = 0.65–0.72), and regression modeling to quantify the impact of digital factors on efficiency. Qualitative data were coded and themed using NVivo software.
The selected methodology aligns strictly with the research objectives. The quantitative approach ensures measurable precision, while qualitative analysis elucidates causal relationships. The reliability of the study is reinforced by the following factors:
1. Methodological Triangulation: Cross-verification of results through diverse analytical methods.
2. Representative Sampling: Inclusion of diverse construction entities across the industry.
3. Cronbach’s Alpha: The survey instrument demonstrated high internal consistency with a coefficient of 0.81.
4. Statistical Significance: All key findings were validated at a significance level of p < 0.05.
Research Results and Discussion
This section systematically delineates the findings of the empirical study focused on evaluating the trajectory of digital transformation within the construction industry. The results are synthesized exclusively from aggregated statistical data, maintaining a rigorous standard of objectivity in their interpretation. The research encompasses an analysis of construction material manufacturers and infrastructure organizations operating between 2020 and 2025.
Sample Composition and General Indicators. The empirical analysis was conducted across a representative sample of organizations, categorized by enterprise scale. The structural breakdown is as follows:
Table 1. Distribution of Surveyed Organizations

	Enterprise Category
	Share (%)
	Number of Entities

	Large-scale
	35%
	42

	Medium-scale
	40%
	48

	Small-scale
	25%
	30



Survey findings reveal that 68% of the organizations have implemented at least one core digital technology, while 32% remain at a rudimentary level of digitalization.
Deployment of Digital Technologies. By 2025, the adoption rates of various digital solutions within these enterprises highlighted a significant technological gap:
Table 2. Adoption Rate of Digital Technologies (as of 2025)
	Technology Type
	Implementation Share (%)

	Building Information Modeling (BIM)
	54%

	Cloud Computing
	47%

	Internet of Things (IoT)
	29%

	Big Data Analytics
	22%

	Artificial Intelligence (AI)
	18%



Analysis indicates that while automation and ERP systems are relatively widespread among cement and metallurgical giants, the integration of advanced AI and Big Data analytics remains in the nascent stages. Assessment of Digital Maturity. Digital maturity was quantified using a specialized integral index:

DMI = Digital Maturity Index
wi = Indicator weight
xi = Indicator value
n = Total number of indicators
The results categorized the organizations into three maturity tiers: 26% Low, 49% Intermediate, and 25% High.
Impact on Operational Performance. The study identified a clear correlation between digital integration and improved economic outcomes:
Table 3. Economic Impact of Digital Transformation
	Performance Metric
	Percentage Change (%)

	Project Duration
	–20%

	Construction Expenditures
	–13%

	Error Rate
	–25%

	Labor Productivity
	+17%


Correlation Analysis. The relationship between variables was calculated using the correlation coefficient (r): Digitalization and Labor Productivity: r = 0.71 (Strong positive correlation); Digitalization and Project Lead Time: r = –0.64 (Strong negative correlation) Analysis of Critical Success Factors. The successful transition to digital operations is driven by several key determinants:
1. Technological Infrastructure: 78%
2. Human Capital Competency: 72%
3. Management Systems: 64%
4. Financial Resource Allocation: 59%. Identification of Barriers: The primary obstacles hindering digital progress include high implementation costs (57%), shortage of qualified personnel (46%), system integration complexities (39%), and organizational resistance to change (28%). Of these, the shortage of qualified personnel (46%) is directly addressed by Recommendation 3 (Advancement of Human Capital) outlined in the Conclusion. Specifically, this recommendation proposes: (a) establishing sector-specific digital competency training programmes in partnership with technical universities and vocational institutes; (b) introducing mandatory digital literacy modules into the professional development curricula of construction engineers and project managers; and (c) creating industry-government co-funded incentive schemes to attract and retain digitally skilled specialists within domestic enterprises. Importantly, the expert survey data (72% of respondents identifying human capital as the primary success factor) further corroborates that targeted investment in workforce upskilling is not only the most urgent intervention, but also the one most likely to unlock adoption of advanced technologies such as AI and Big Data, whose current implementation rates (18–22%) remain the lowest of all digital solutions assessed.
Stages of Digital Evolution. The industry exhibits a phased evolutionary pattern: 34% are in the Initial stage, 41% are in the Developing stage, and 25% have reached an Integrated digital environment. Benchmarking and Comparative Insights. Digitalization levels in large enterprises are 1.8 times higher than in small-scale organizations. The domestic BIM adoption rate remains 20–25% lower than international benchmarks. Synthesis of Trends. The empirical evidence confirms that digital technologies are being adopted incrementally, with large-scale enterprises serving as the primary catalysts. There is a direct functional link between digital maturity and operational efficiency, with human capital and agile management acting as the decisive factors for success.
This section provides a comparative analysis of the empirical findings in relation to the theoretical frameworks identified in the literature review. It evaluates the scientific validity of the results and elucidates the practical implications of the observed trends, while also addressing the unique aspects of the findings and the methodological limitations of the study.
Synthesis of Empirical Results and Theoretical Frameworks. The research findings exhibit a strong alignment with established academic paradigms. Specifically, the hypothesis that digital transformation enhances production efficiency was empirically validated. The implementation of BIM and ERP technologies in construction organizations resulted in a reduction of project timelines by an average of 20% and a decrease in operational costs by 13%. These results corroborate the theoretical perspectives of Erik Brynjolfsson and Andrew McAfee regarding the positive economic impact of digital integration.
Furthermore, the high prevalence of BIM adoption (54%) provides practical confirmation of the conceptual models developed by Chuck Eastman and Rafael Sacks, establishing BIM as the primary digital instrument within the modern construction workflow.
Comparative Enterprise Analysis within the National Context. The empirical results are further substantiated by the operational experiences of leading industrial entities in Uzbekistan:
1. Akhangarancement and Qizilqumsement: The automation of production cycles and the digitalization of logistics systems have led to a measurable surge in overall manufacturing efficiency.
2. Bekabadcement and Quvasoycement: Digital interventions have facilitated the optimization of energy consumption and a reduction in industrial waste.
3. Uzmetkombinat: The deployment of digital control systems in metal structure production has significantly compressed the production cycle. These case studies reinforce the premise that digital transformation is a critical driver of industrial productivity.
Unique Insights and Scientific Nuances. A notable divergence from certain academic expectations was observed regarding advanced technologies. Despite the high theoretical potential of Artificial Intelligence (AI) and Big Data, their actual implementation rate remains modest at 18–22%. This indicates that while these tools are celebrated in literature as high-efficiency catalysts, their practical application in the local sector is still in its nascent, exploratory phase. Additionally, the study highlights the decisive role of human capital and governance structures. With 72% of experts identifying employee competency as the critical success factor and 64% emphasizing management frameworks, these findings enrich the systemic approach advocated by Lauri Koskela with fresh empirical evidence.
International Benchmarking. A comparative assessment against global standards reveals distinct developmental gaps. While BIM adoption in developed economies fluctuates between 70–80%, local enterprises exhibit a rate of 50–55%. This disparity is attributable to several structural factors:
1. The relative maturity of technological infrastructure;
2. Constraints in investment capital allocation;
3. A shortage of specialized digital talent. Furthermore, unlike the strategic and holistic digital transitions seen internationally, the process in domestic enterprises is characterized by a phased and somewhat asymmetrical evolution.
Methodological Limitations. To ensure an objective interpretation of the findings, several limitations must be acknowledged:
1. Sample Size: The study focused on five representative enterprises; thus, the generalizability of the results across the entire industry may have certain constraints.
2. Subjectivity Factor: Data derived from surveys and interviews may be influenced by the subjective perceptions of the respondents.
3. Geographic Scope: The research is specifically tailored to the economic environment of Uzbekistan, which may limit its direct applicability to other regional contexts.
4. Temporal Constraint: The study provides a cross-sectional view and may not fully capture the long-term, longitudinal effects of digital transformation.
5. Conclusion
This study provides a systematic and comprehensive analysis of the evaluation of digital transformation within the construction industry. In accordance with the initial research objectives, significant scientific results have been achieved. The primary goal—the development and scientific validation of an effective methodology for assessing the degree of digital transition in construction—has been fully realized. Key Findings: Empirical analysis demonstrates that the level of digital maturity within the construction sector exerts a direct and substantial influence on organizational economic performance. Enterprises that have integrated digital technologies exhibited a measurable reduction in project lead times (averaging 20%), a decrease in operational expenditures (13%), and an improvement in labor productivity (17%). These findings confirm that digital transformation serves as a critical strategic determinant in enhancing industrial efficiency. Furthermore, the research establishes that the evaluation of digital transformation must transcend purely technological metrics. A holistic assessment necessitates the integration of multifaceted factors, including management frameworks, human capital potential, organizational culture, and financial resource allocation. The "Digital Maturity Index" model, developed as part of this study, facilitates the precise identification of development stages and enables effective segmentation of construction enterprises. The study also identifies that digitalization in the construction sector is an incremental process characterized by significant disparities between organizations. Large-scale enterprises demonstrate a higher degree of digital adoption compared to small-scale firms, a discrepancy primarily driven by their superior financial capacity and technological infrastructure. Practical Recommendations: Based on the research outcomes, the following practical measures are proposed to optimize digital transformation within the construction industry:
1. Implementation of Strategic Frameworks: Construction firms should develop long-term digital transformation roadmaps and execute them through a phased approach.
2. Prioritization of Core Technologies: High priority should be given to the adoption of Building Information Modeling (BIM), Enterprise Resource Planning (ERP), cloud-based platforms, and advanced data analytics.
3. Advancement of Human Capital: It is essential to enhance the digital competencies of the workforce through specialized training programs and the promotion of an innovation-oriented mindset.
4. Modernization of Management Systems: Digitalizing decision-making processes and implementing agile management mechanisms are crucial for maintaining competitive resilience.
5. Governmental Policy Support: Accelerating sector-wide digitalization requires refining the regulatory framework, developing national digital infrastructure, and providing targeted support for small and medium-sized enterprises (SMEs).
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