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ASSESSING THE LEVEL OF DIGITAL
DEVELOPMENT AND DEVELOPING AN
ARTIFICIAL INTELLIGENCE-BASED
MECHANISM FOR IMPROVING THE
EFFICIENCY OF INDUSTRIAL ENTERPRISES

Rashidov Hasan Shirinboyevich

Senior Lecturer,

Department of Digital Economy and Information Security,
Tashkent State University of Economics

E-mail: h.rashidov@tsue.uz

Abstract. The aim of this study is to assess the level of digital development of industrial enterprises using
a system of multifactor indicators and to develop a mechanism for enhancing production and management
efficiency through the application of artificial intelligence (Al) technologies. Within the proposed framework, the
level of digital development is evaluated using indicators related to technological infrastructure, automation,
the application of artificial intelligence, information systems integration, digital competencies, and production
efficiency. The artificial intelligence module is employed to analyse the current state of an enterprise, forecast
key performance indicators, and generate alternative management scenarios. This approach provides an
integrated analytical basis for evaluating digital development and supporting evidence-based managerial
decision-making in industrial enterprises.

Keywords. artificial intelligence, industrial enterprises, digital development, digitalisation, digital maturity,
machine learning, econometric analysis, forecasting, production efficiency, managerial decision-making.

AHHoTauusa. Llenbio paHHOro uvccrnegoBaHUS  SIBSIETCS OLEHKA YPOBHS  LMAPOBOrO  pasBUTUS
MPOMBILLITEHHbIX MPEaNPUATUIA Ha OCHOBE CUCTEMbI MHOFOGAKTOPHbIX NMoKasaTenen u paspaboTka MexaHmu3mMma
MoBbIWEHMS 3dEKTUBHOCTU MNPOU3BOACTBEHHON U YNpaBrEeHYECKOW [OEATEeNbHOCTU MOCPELCTBOM
NPUMEHEHNST TEXHOMOMMA MCKycCTBEHHOro mHtennekra (MA). B pamkax npepgnaraemoro nogxoda YpOBEHb
LMGPOBOro Pas3BUTUS OLIEHMBAETCA C UCMONb30BAHWMEM MOKa3aTenen, XxapakTepUayLmMx TEXHOOrMYECKYO
NHPACTPYKTYpPY, aBTOMaTM3aLMIO, MPUMEHEHNE NCKYCCTBEHHOTO UHTENMEKTA, MHTErpaLuio MHPOPMaLMOHHBIX
CUCTEM, LUU(POBbIE KOMMETEHUMN U 3PPEKTUBHOCTb MPOM3BOACTBA. Moayrb MCKYCCTBEHHOrO WHTEMMEKTa
NCMONb3yeTCs AN aHanM3a TeKYLLEero COCTOSHUS NPeanpusaTusl, NPOrHO3MPOBaHMUS KIMHOYEBbLIX NOKasaTenemn
OEeATENbHOCTU 1 (POPMUPOBAHMS anbTepHaTMBHbIX CLeHapueB ynpaBneHus. [lpegnaraembln  nogxopn,
hopMUPYET KOMMIEKCHYH aHaNMTUYECKYO OCHOBY A1 OLEHKM LMEPOBOro pasBUTUSI U MOAAEPXKKN MPUHATUS
060CHOBaHHbIX YNPaBIIEHYECKMX PELLEHWUIA HA NPOMbILLIIEHHBIX NPEANPUATUSX.

KnioueBble CrnoBa. NCKYCCTBEHHbIA WMHTENIEKT, NPOMbILUMEHHbIE NPeanpusaTusi, undpoBoe passBuTue,
undpoBm3auus, LMdpoBas 3penocTb, MalMHHOE 0ByYyeHne, 3KOHOMETPUYECKUIA aHann3, NPOrHO3MpoBaHME,
3(p(PEKTUBHOCTb NPOUN3BOACTBA, MPUHATUE YNPaBNEHYECKNX PELUEHWU.

INTRODUCTION

In the global industrial sector, digital technologies are increasingly evolving from auxiliary production
tools into strategic resources that support productivity, competitiveness, and effective management. Atrtificial
intelligence (Al), the Internet of Things (IoT), big data analytics, cloud computing, ERP/MES/SCADA systems,
and automated management tools enable real-time production monitoring, equipment-condition forecasting,
energy management, and data-driven decision-making. At the same time, the economic benefits of introducing
digital technologies depend on the effectiveness of their integration into enterprise operations. The outcomes
of digital transformation are closely associated with the quality of technological infrastructure, data utilisation
capacity, employee competencies, the level of process automation, and the integration of digital and management
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systems. Previous studies indicate that enterprise size, innovation activity, and digital readiness are important
factors associated with the level and effectiveness of digital transformation.

Empirical research further indicates that digital transformation can contribute to increased total factor
productivity, optimised production costs, improved sales performance, and enhanced innovation activity.
Artificial intelligence, in particular, can support higher production and energy efficiency through monitoring,
forecasting, real-time control, and optimisation of technological parameters. These developments also
create opportunities for further methodological advancement, particularly in developing a unified quantitative
indicator of digital development, assessing the relationship between Al adoption and economic outcomes,
and translating analytical results into effective managerial decisions.

LITERATURE REVIEW

Recent studies on the digital development of industrial enterprises increasingly conceptualise digital
transformation not merely as the adoption of individual technologies but as an integrated process combining
production, management, data exchange, and human capital. Wu et al. (2024) assessed digital transformation
in manufacturing firms through digital readiness and data utilisation capacity and demonstrated that firm size,
productinnovation, and production characteristics are associated with different levels of digital development. This
approach highlights the importance of evaluating digital maturity not only through technological infrastructure
but also through organisational and information capabilities.

The relationship between digital transformation and economic performance has also received considerable
attention in the academic literature. Liu found that digital transformation strategies and the application of cloud
technologies, artificial intelligence, big data, and other digital components are positively associated with total
factor productivity. Wei and Shen further demonstrated that the effects of digital transformation on manufacturing
performance are realised through increased sales, optimised production costs, and enhanced innovation
activity. These findings indicate that the economic value of digitalisation is closely related to the extent to which
digital technologies are effectively integrated into core business and production processes.

Recent research also emphasises the growing application of machine learning, deep learning, and
reinforcement learning in industrial energy management. Keramati Feyz Abadi et al. demonstrated that these
methods are increasingly employed in energy monitoring, forecasting, real-time control, and the optimisation of
technological parameters. Their application provides opportunities to enhance the efficiency of industrial energy
management and strengthen the analytical basis for data-driven production and managerial decision-making.

RESEARCH METHODOLOGY

The study employs an integrated quantitative methodology combining digital development assessment,
econometric analysis, and artificial intelligence (Al) methods. First, indicators related to technological
infrastructure, Al and data utilisation, human capital, and production efficiency are normalised and aggregated
into a Digital Development Index (DDI). Econometric models are subsequently applied to estimate the
relationships between Al adoption, automation, digital investment, employee competencies, Internet of Things
(loT) technologies, and indicators of production and energy efficiency.

In addition, machine learning methods are employed to identify potential nonlinear relationships and
forecast enterprise performance. The resulting analytical outputs are incorporated into a decision-support
mechanism based on continuous monitoring and feedback. This mechanism enables managerial decisions to
be adjusted in accordance with observed performance outcomes and provides an analytical basis for improving
the efficiency of digital transformation processes within industrial enterprises.

Statement on the Use of Artificial Intelligence. In the preparation of this study, artificial intelligence (Al)
tools were used to a limited extent, accounting for approximately 10% of the overall research process. Their
use was primarily confined to language refinement, technical editing, and structural support. The selection
of research methods, collection and analysis of empirical data, interpretation of the findings, formulation of
scientific conclusions, and development of practical recommendations were carried out and verified by the
author.

ANALYSIS AND RESULTS

To provide a comprehensive and objective assessment of the level of digital development of industrial
enterprises, it is appropriate to establish a system of interrelated functional indicators. Digitalisation is most
effectively evaluated not only through the availability of technical equipment and information systems but also
through a broader set of technological, organisational, human-capital, and performance-related dimensions.
Accordingly, a comprehensive assessment should incorporate technological infrastructure, the application
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of artificial intelligence and data analytics, employees’ digital competencies, and production and economic
performance.

Within the framework of this study, the indicators characterising the digital development of an industrial
enterprise are classified into four functional groups (Table 1).

Table 1
Classification of indicators characterizing the level of digital
development of an industrial enterprise by functional dimensions!

Dimension Main indicators Designation
. automation level, use of loT technologies, integration of ERP/
Technological development MES/SCADA systems (X_1-X_3)
Al and data level of Al adoption, real-time data availability, analytical (X_4-X_6)
systems
Human capital digital competencies, share qf !T/AI specialists, professional (X_7-X_9)
training
Economic and production energy intensity, equment_fz_allures, defect rate, production (X_{10}-X_{13})
performance efficiency

Since the selected indicators are measured in different units, they must first be transformed onto a
comparable scale. For this purpose, the min—max normalisation method is applied.
For indicators that have a positive relationship with digital development:

_ o Imin
g i X
j Xjrnax . ijin

For indicators for which lower values represent more favourable outcomes, such as energy intensity, defect
rates, or equipment failure rates:

Max _ o
Xj X]J

ymax __ lein
] ]

Z]'j =

As a result, all normalised indicators take values within the interval:
O=z;=1

This transformation ensures comparability across indicators and provides the methodological basis for
constructing an integrated digital development index.
The overall level of digital development of enterprise (i) is determined using the following integral indicator:

m
=1
where:

DDI- Digital Development Index of enterprise (i);
z- normalized value of indicator (j);
w, - weight assigned to indicator 3);

m
w; = 1.
]
i=1
1 Developed by the author based on the systematization and generalization of the research results.
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Where there is insufficient empirical evidence to justify differentiated weights, equal weights may be
applied at the initial stage:

This approach helps minimise subjectivity in the weighting process and enhances the transparency and
comparability of the index across enterprises. The proposed index serves not only as an aggregate measure
of digital development but also as a diagnostic instrument for identifying technological, organisational, and
production areas with potential for further development.

To assess the relationship between artificial intelligence and other digitalisation factors and enterprise
performance, the following econometric model is proposed:

PE;; = By + B, Al + B, AUT; + B3INV,, + B4DCy + BsIoTy + 1y + A, + &

where:
(PE) — production efficiency;
(Al) — level of artificial intelligence adoption;
(AUT) — level of automation;
(INV) — investment in digital technologies;
(DC) — employees’ digital competencies;
i'llT) — use of sensors and loT infrastructure;
- — enterprise-specific unobserved effects;
EL- - time effects;
It — random error term.
A separate model may be used to evaluate energy efficiency:

where (EIl) represents energy intensity.
If:

a, <0

and the coefficient is statistically significant, this indicates that a higher level of Al adoption is associated
with lower energy intensity, holding the other variables included in the model constant. Such a relationship
would be consistent with empirical evidence reported in the international literature.

Traditional econometric models are commonly used to estimate specified relationships between variables,
including linear relationships. However, the associations between digitalisation factors and enterprise
performance may also involve nonlinearities and complex interactions. Therefore, machine learning algorithms
such as Random Forest and Gradient Boosting can be applied alongside regression analysis.

The general forecasting function can be expressed as:

PE = f(AL AUT,INV,DC,IoT, EI, ...)

The predictive accuracy of the model is evaluated using standard indicators:

1 In

MAE=—Z .
n. ly; — ¥l
1=1

1 n
RMSE= |- (=)
i=1

I
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and:
I 9)
Xy —¥)%)

The combined application of econometric and machine learning methods makes it possible to identify
interpretable statistical relationships while also capturing more complex nonlinear patterns in enterprise data.

Proposed Adaptive Digital Management Mechanism

A central outcome of the study is the development of a mechanism that conceptualises industrial
digitalisation not as a collection of isolated technological projects but as a continuous process encompassing
diagnosis, forecasting, decision-making, implementation, monitoring, and feedback.

The functional structure of the proposed mechanism comprises the following stages:

1. Production, technological, financial, and energy-related enterprise data are collected and integrated.

2. The indicators are normalised, and the Digital Development Index is calculated.

3. Econometric models are applied to assess the factors associated with production and economic
efficiency.

4. Al and machine learning models are employed to identify nonlinear relationships and forecast future
performance.

5. Baseline, intensive, and conservative development scenarios are formulated.

6. The decision-support module generates alternative management options.

7. The responsible specialist evaluates the Al-generated recommendations and determines whether to
accept, modify, or decline them.

8. The actual KPI outcomes associated with the implemented decision are returned to the analytical system.

9. Model parameters are recalibrated on the basis of newly accumulated data.

Thus, the proposed mechanism establishes a closed management loop: Diagnosis - Prediction - Decision
- Implementation - Feedback.

This structure transforms digitalisation assessment from a static measurement procedure into an adaptive
management and decision-support system.

Based on the theoretical framework and empirical evidence, the relationship between artificial intelligence
adoption and industrial enterprise performance can be represented conceptually through several interconnected
channels:

RZ=1

Automation T
Prediction Accuracy T
Al - < Downtime l— Productivity T— Economic Efficiency T
defects |
Energy Intensity |

This conceptual relationship suggests that Al can contribute to enterprise performance through several
channels simultaneously. Higher levels of automation and improved prediction accuracy can support more
stable production processes, while reductions in downtime, defect rates, and energy intensity can contribute to
improved operational and economic performance.

The proposed approach extends existing methods for assessing industrial digitalisation in three important
directions.

First, the digital development of an enterprise is evaluated not solely by the number of information systems,
robots, 10T devices, or Al solutions implemented, but by the extent to which these technologies are integrated
into production, energy management, quality control, and economic performance. This provides a more
comprehensive assessment of digital maturity.

Second, artificial intelligence is considered not as a substitute for the existing management system but
as an analytical instrument that supports data processing, forecasting, scenario development, and managerial
decision-making. Within this framework, final managerial decisions remain under human responsibility, while Al
strengthens the analytical basis supporting those decisions.

Third, the proposed framework incorporates a continuous feedback mechanism. Al-generated
recommendations are treated as analytical inputs rather than final decisions. The actual outcomes of
implemented decisions are returned to the system and subsequently used for model recalibration. This
transforms the framework from a static analytical model into an adaptive decision-support mechanism capable
of learning from newly accumulated enterprise data.

< 50 > econoscitech-integration-journal.uz
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Such an approach is particularly relevant in industrial environments, where the economic effectiveness of
Al depends not only on the technology itself but also on data quality, technological infrastructure, human capital,
and integration with existing production processes. Accordingly, the proposed mechanism provides a flexible
methodological basis for assessing and managing digital transformation across enterprises with different levels
of technological and organisational readiness.

CONCLUSION AND RECOMMENDATIONS

The continuing advancement of digital transformation in industrial enterprises requires artificial intelligence
(Al) technologies to be considered not as isolated technological tools but as integral components of a broader
system encompassing production, economic, and managerial processes. Such anintegrated perspective enables
Al to be incorporated more systematically into enterprise development and decision-support mechanisms.

This study developed a diagnostic approach based on the Digital Development Index (DDI), which integrates
indicators related to technological infrastructure, the level of automation, Al adoption, information systems
integration, human capital, and production efficiency. The proposed approach provides a comprehensive
methodological framework for assessing the current level of digital development of an enterprise and identifying
priority areas for its further advancement.

The practical significance of the proposed mechanism lies in considering Al adoption not as an end in
itself but as an analytical and technological instrument for enhancing production efficiency, optimising the
use of energy and other resources, improving equipment reliability, and strengthening the analytical basis
of managerial decision-making. The integration of continuous monitoring and feedback further enables the
mechanism to adapt to changes in enterprise performance and newly accumulated data.

The findings also indicate that the economic effectiveness of artificial intelligence is closely associated
with an enterprise’s level of digital readiness and its organisational and technological conditions. Accordingly,
differentiated Al implementation strategies tailored to the digital development level and operational characteristics
of individual enterprises may provide a more flexible and context-sensitive approach than the application of a
single universal model of Al adoption.

Future research could extend the proposed framework by testing the mechanism using multi-enterprise
panel data, conducting external validation over time, comparing the predictive performance of Al and machine
learning models with classical econometric approaches, and assessing model explainability using methods such
as SHAP (SHapley Additive exPlanations). These research directions can contribute to further strengthening the
reliability, interpretability, empirical validity, and practical applicability of the proposed framework for managing
digital transformation in industrial enterprises.
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