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Al INTEGRATION IN DECISION-MAKING:
SYNERGIZING RATIONAL MODELS AND THE PDCA CYCLE

IHTEMPALIIA LUTYYHOI O IHTENEKTY B NPOLIEC NPUUHATTA PILLEHb:
CUHEPTIA PALUIOHATNNIbBHUX MOAENEW TA LIUKNTY AEMIHTA

The article substantiates the conceptual foundations of a decision-making model capable of
autonomous alternative correction in dynamic environments. The relevance stems from the crisis
of traditional static management based on retrospective analysis and linear causality, which
fails under high market volatility. The author proposes transforming the classic PDCA cycle
into a dynamic predictive management system where the “Check” stage becomes a cognitive
analysis function. This shifts the focus from reactive correction to proactive recalculation of
rational choice models based on external destabilizing factors. Drawing on the evolutionary
adaptation theories of D. Mueller, F. Buarque, and T. Marwala, the PDCA cycle is integrated into
the algorithmic architecture of management processes. The scientific novelty lies in the synergy
between rational choice models and Al-based autonomous adaptation cycles. It is demonstrated
that real-time alternative adjustment and algorithmic self-updating are critical for organizational
resilience. This concept provides a theoretical basis for next-generation decision support systems
capable of strategic adaptation to global market transformations.

Keywords: decision-making, artificial intelligence, PDCA cycle, autonomous adaptation,
predictive analytics.

Y emammi o6rpynmosano xonyenmyanvHi 3acadu no6y0osu Mooeini nputiHamms ynpaeii-
CbKUX piuens, AKA 30amua 00 Ad8MOHOMHOT KOPEeKYii anbmepHamue 6 ymoeax OUHAMIYHOI 3MIiHU
308HIUBO2O cepedosuya. AKMYanrbHicmb 00CTIONCEHHS 3YMOBNIEHA KPU30I0 MPAOUYIUHUX ca-
MUYHUX MemO0i8 YPABTIHHA, AKI 6A3VIOMbC HA PempPOCNeKMUEHOMY AHANI3T MA NIHIUHUX npu-
YUHHO-HACTIOKOBUX 38 'A3KaX. B ymoesax eucoxoi éonamunbHocmi cyyacno2o puHKy maki nioxoou
BUABTIAIOMBCS HECHPOMONCHUMU ONEPAMUBHO Peazy8amu HA 3MIHU, OCKIIbKU OPIEHMOBAHI HA
MUHYIUL 00CBI0, a He Ha MailbymHi sukauxu. Lle 3ymo60€ 06 ekmusHy HeoOXiOHicmb nepexoody
00 SHYYKUX MOoOelell YNPAasiiHHa, 30amHux 3aoe3nedumu CMiuKicms Opeanizayii 6 HeniHIHOMY
EKOHOMIYHOMY cepedosuni. ABmop NPONOHYE PO32IAHYMU KOHYenyilo mpancopmayii Kiacuu-
Hoz2o ynpasnincvkozo yukny PDCA (Plan-Do-Check-Act) 6 Ounamiuny cucmemy npeouxmueno2o
ynpasninns. Konyenyis nepeobauac mpancopmayito emany Koumponto y QyHKYi0 KOSHImMue-
Hoeo auanizy. Lle 0oszeonse inmepnpenmysamu 3068HiWHI 0ecmabini3yioui YUHHUKU He K 8I0XU-
JIeHHsL 810 HOpMU, a AK IHoOpMayitnull pecypc 0iisi KOpe2y8aHnHs cmpameiunux npoeHosis. Lle
3abe3neuyc nepexio 6i0 peakmugHo20 GUNPAGIEHHS GIOXUTIEHb 00 NPOAKIMUBHO2O NEPEPAXYHKY
payionanvHoi mooeni eubopy. Ocobnugy yeazy npudileHo KoHyenyii esonoyitinoi adanmayii,
wo 6asyemvcs wa nioxooax J{. Mionnepa, @. Byapxe ma T. Mapeanu. 32iono 3 yicio n102ixoio,
yuxn PDCA imnnemenmyemocs 6e3n0cepedHbo 6 ancopumMiuHy apximexmypy YHpaguiHCobKux
npoyecie. Takuil nioxio nepemsopioe a0anmayitinutl Mexaniam Ha A6MOHOMHULL opatieep po3-
BUMKY Opeanizayii, 30amnull 00 be3nepepsHoi eeHepayii HOBUX CIMPAMEIUHUX ATbIMEPHAMUS.
Hayxoea nosusna pobomu nonsieae 6 0OIPYHMYS8aAHHI KOHYENMYaiIbHOI CUHEpil MIdNC PayioHalb-
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HOI0 MOO@NLI0 8UOOPY Ma AGMOHOMHUM YUKIOM adanmayii Ha 6a3i wmyynoeo inmenexmy. ¥
pobomi nokazano, wo 30ilUCHeHHs KOpe2y8ants albMePHAMUE Y PearbHOMY Yaci ma 30amuicms
aneopummie 00 camocmitino2o OHOGIEHHS € KPUMUYHUMU YUHHUKAMU 3a0e3nedenHs cmpameziy-
Hoi' cmitikocmi opeanizayii. Cghopmynbosana KoHYenyis cmeoproe meopemuyne niorpyHms 0s
PO3pOOKU cucmem NIOMPUMKU PilieHb HOB020 NOKONIHMA, 0e a8MOMAmu3ayis Cmocyemvcs He
Jue pymuHHUX onepayii, a il npoyecie cmpame2iuHo2o aoanmyeants 00 2100aNbHUX PUHKOGUX
mparcgopmayil.

Knrouosi cnoea: nputinamms piwiens, wmyynuii inmenexm, yukn PDCA, asmonomna adan-
mauyisi, npeOuKmMueHa aHAIMUKA.

Formulation of the problem. The paradigm shift in capital management is characterized
by the transition to information-centric models, where the velocity of data processing and real-
time integration define an organization's competitive edge. For decades, classical management
tools, such as Herbert Simon's concept of bounded rationality and W. Edwards Deming’s cycle
of continuous improvement (PDCA), have served as a robust foundation for strategic planning.
However, the effectiveness of traditional capital management theory tools is significantly reduced
in the conditions of modern hyperdynamic markets, characterized by exponential growth in data
volumes. The key factor in reducing the effectiveness of classical models is the cognitive limit
of data processing inherent in humans, which makes it impossible to make a completely rational
choice in a short time. The cognitive abilities of the decision-maker are insufficient for instant
processing and critical analysis of multifactorial information arrays in real time. This creates a gap
between the required and actual speed of reaction to market fluctuations and makes the transition
to algorithmic management systems inevitable. The integration of artificial intelligence into the
decision-making architecture allows for the conversion of the classic Deming cycle (PDCA)
from a discrete reactive error-correction algorithm into a continual proactive optimization system,
ensuring synergy between the computational power of algorithms and the manager's strategic
vision to maximize capital value. The integration of artificial intelligence systems is not limited
to the automation of information flows — it forms new management synergies. Overcoming the
cognitive barrier of bounded rationality becomes an objective necessity, as the critical growth
of information arrays levels the effectiveness of traditional management methods. As a result,
the rational analysis of alternatives scales to real-time mode, while the classic PDCA (Plan-
Do-Check-Act) cycle transforms from a sequence of discrete stages into a continual intelligent
process. The synergy of the rational model and PDCA with Al tools establishes the conceptual
framework of a “‘smart management system”.

Analysis of recent research and publications. The fundamental principles of management
and quality theory, the methodological basis of the systems approach, and the cyclical nature of
management processes, as articulated in the classic works of W. Edwards Deming and Walter
Shewhart [1; 2]. The functional approach to managing an organization's capital and resources
serves as the foundation of Henri Fayol's Administrative Theory [3]. The problem of the
management subject's cognitive limits was thoroughly investigated by Herbert A. Simon [4], who
argues that human intelligence is prone to heuristic simplifications, creating barriers to objective
decision-making in complex systems. The concepts of bounded rationality and continuous
improvement remain relevant, but require technological modification. The contemporary
management paradigm is based on the implementation of mathematical and algorithmic
optimization methods within intelligent systems. This approach is thoroughly explored in the
works of D. Miiller, F. Buarque, and T. Marwala, who examine decision-making processes
through the lens of computational intelligence and rational choice theory. In their works [5; 6],
management is interpreted as a dynamic process of iterative improvement of decision-making
models. The intellectualization of management decisions and the digital transformation of
the economy, driven by the implementation of Al algorithms and Big Data, lie at the core of
research by the following domestic scientists: Novak O. V., Chornovol A. O., Honcharuk Ya. M.,
Khelemendyk Ye. I, Kysylytsia S. O., Koval O., Lyshak O., Kolomoiets Ye., Kravchenko M. O.,
Salabai V. O., Yakushko I., Buhrimenko R., Smirnova P. [7-13; 15]. The authors emphasize
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the ability of artificial intelligence systems to process massive datasets that exceed the limits of
human perception. Despite a significant body of research in each of these areas, the integration
of the Deming cycle with artificial intelligence capabilities to overcome the barriers of bounded
rationality remains insufficiently explored. Most studies focus either on the technical aspects of
Al or on classical management methods, overlooking the mechanism of their real-time synergy.

Formulation of the purpose of the article. The objective of this research is to analyze
the mechanisms of integrating artificial intelligence into strategic decision-making processes
to ensure the transition from reactive error correction to a proactive model of automatic
management system adaptation to dynamic environmental changes:

1. To analyze the evolutionary development of the continuous improvement model:
from W. Edwards Deming’s classic PDCA cycle to contemporary optimization algorithms
presented in the works of D. Miiller, F. Buarque, and T. Marwala.

2. To examine the role of artificial intelligence in minimizing the impact of the human
factor within rational choice models.

3. To substantiate the synergetic effect of combining the iterative PDCA approach with
the computational power of Al to create systems with high levels of adaptability.

4. To formulate a decision-making model concept capable of autonomous strategy
correction in response to shifting external factors.

Presentation of the main material. The transformation of management decision-making
models in the era of Industry 4.0 is characterized by a transition from intuitive management
to mathematically based optimization. In this context, artificial intelligence systems act not
just as an auxiliary tool for routine calculations, but as the main driver that ensures the
automatic adaptation of alternatives to changing requirements. In a broad scientific sense,
the concept of improvement is a methodology for the continuous, iterative enhancement
of management system efficiency through the constant identification and compensation for
losses, deviations, or irrational decisions. A historical-logical analysis of the transformation
of the concept of improvement allows us to identify three key stages:

1. Statistical Stabilization (W. Edwards Deming) — a system is considered controlled
if it is in a state of statistical stability. At this stage, management improvement is achieved
through statistical quality control and the stabilization of general processes, utilizing
Shewhart control charts and the PDCA cycle [14]. While this approach demonstrates high
efficiency at the level of local production processes, it proves to be operationally inert
under conditions of dynamic market transformations. Furthermore, implementing statistical
process control requires significant expenditures of human resources.

2. Cognitive rationalization of decision-making processes, according to H. Simon [4], is
based on the theory of bounded rationality. It posits that the management subject seeks to make
rational choices but is constrained by cognitive limitations, incomplete information, and time
pressure, leading to «satisficing» rather than optimal outcomes. H. Simon initiated a transition
from the statistical monitoring of production processes, characteristic of the Deming school, to
information processing. Management began to be formalized through mathematically grounded
algorithms for selecting alternatives. The focus of improvement shifted from «product quality»
to «management decision quality». Despite this formalization, the algorithms of that era
remained rigidly deterministic and non-adaptive to stochastic influences, making autonomous
strategy correction impossible without developer intervention. This stage saw the emergence
of the concept of bounded rationality. H. Simon’s theory of bounded rationality highlights the
cognitive limits of the management subject when processing large datasets. The recognition
of bounded rationality emphasizes the mismatch between the complexity of the external
environment and the actual capabilities of human intelligence to identify optimal solutions.

3. Intelligent systems and dynamic adaptation. The modern management paradigm, as
presented in the works of T. Marwala, F. Buarque, and D. Miiller [5, 6], involves a transition
from discrete management cycles to continuous algorithmic optimization. In particular, the
implementation of neural networks following T. Marwala’s approach transforms the “Plan”
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stage of the PDCA cycle into a predictive model capable of anticipating deviations before
they occur. The use of evolutionary computation by F. Buarque fundamentally reshapes
the «Act» stage, allowing the system not only to react to errors but to generate and select
optimal alternatives, thereby transforming the system into a tool for automatic adaptation
to dynamic environments. This process is further reinforced by D. Miiller’s mathematical
algorithmization of rational choice, which ensures high precision in alternative evaluation
and completely neutralizes the influence of the human factor.

Thus, the evolution of management system concepts has gone from statistical quality
control of processes to an intelligent self-organizing system. The traditional management
paradigm relies on the cognitive resources of the decision-maker, which, according to
H. Simon’s concept, is characterized by bounded rationality. In this system, artificial
intelligence serves as an «intelligent accelerator» for selecting the optimal alternative,
enhancing the decision-maker's cognitive capabilities in three primary areas:

1. Computational Scaling. This allows for overcoming the state of bounded rationality that
arises when the complexity of management tasks critically exceeds a manager’s cognitive
resources. The integration of artificial intelligence into the management system ensures
holistic coverage of the entire information resource, eliminating the subjective filtering of
alternatives inherent in human judgment. This enables decision-making based on complete
datasets, neutralizing the risks of ignoring significant factors due to a manager's cognitive
biases. The result of such integration is a comprehensive analysis of input data, which forms
an objective foundation for constructing rational choice models.

2. Mitigation of Cognitive Biases. The human factor in decision-making inevitably
introduces subjectivism, such as risk aversion, confirmation bias (ignoring contradictory
data), and the overestimation of personal experience. The models of D. Miiller and
T. Marwala [5, 6] are based on mathematical logic, where every decision results from the
optimization of a utility function. Being devoid of emotional components, the algorithm is
prepared to pivot strategies instantaneously as soon as the data indicates a shift in trends.
This results in the replacement of subjective perception with the mathematical verification
of complex datasets. Al algorithms, rooted in Bayesian logic or evolutionary computation,
eliminate the cognitive biases that cause failures in human-led PDCA cycles. This approach
neutralizes bounded rationality not by removing the human from the management process,
but by providing tools that make irrational choices mathematically impossible.

3. Iterative Adaptation of the Rational Model: T. Marwala proposes a concept of Human-AI
Collaboration, where human and artificial intelligence work in synergy. In this framework,
Al assumes the role of a «rational filter»: it interprets external changes as dynamic input
data for continuous learning, allowing for the automatic correction of the choice model.
This results in a set of alternatives, each mathematically grounded and verified through
thousands of simulations. Under such an architecture, the management subject does not
choose between «correct and incorrect», but rather among different optimal scenarios. Thus,
Al acts as an aggregator of synthetic rationality, transforming a static theoretical model
into a living, adaptive mechanism. The synergy between PDCA and artificial intelligence
lies in the transition from a discrete management algorithm to a system of continuous self-
improvement. This effect manifests through the transformation of each phase of the cycle
into an «intelligent convolution». In such a configuration, every stage of PDCA ceases to
be a mere iterative step and evolves into an element of a unified cognitive architecture. The
synergistic effect is achieved through the modification of the PDCA stages:

— The Plan stage is transformed from a linear trend into multivariate predictive
modeling, where Al instantaneously evaluates millions of scenarios;

— The Do stage is enhanced by automated real-time control, minimizing deviations in
model parameters;

— The Check stage evolves into intelligent monitoring, capable of recognizing
anomalies at their nascent stage;
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— The Act stage becomes a foundation for algorithmic evolution — the system
autonomously updates its operational rules.

The differences in the management concept in the traditional and intelligent PDCA
algorithms are shown in Table 1.

The synergy between PDCA and Al creates a dynamic intelligent system where bounded
rationality is compensated for by the computational power of algorithms. This enables the
transformation of management from a reactive error-correction process into an Autonomous
Adaptive Model (AADM). This model is based on the creation of a closed-loop cognitive
control system, where the system does not merely execute a predefined algorithm but
continuously adapts its strategy to environmental changes.

Unlike traditional planning, which relies on the statistical analysis of prior periods and
linear cause-and-effect relationships, the AADM concept is based on three principles:

1. Predictive planning based on Big Data analysis, allowing the model not merely to
react to errors but to anticipate and eliminate them before they impact the strategy.

2. Operational flexibility, ensuring the possibility of autonomous real-time micro-
corrections without halting the algorithm.

3. Evolutionary adaptation, as the model's ability to independently generate new
alternatives, transforming the system from reactive to proactive.

Table 1
Differences in the management concept in traditional and intelligent PDCA algorithms.

Criterion of
comparison

Traditional cycle PDCA

Intellectual cycle PDCA

Algorithm property

Discrete — step-by-step
implementation of requirements

Continual approach — a continuous stream
of requirements

Classification of

Bounded rationality (the
presence of human cognitive

Synthetic rationality (unlimited
computational scaling, minimization of

is considered a defect.

rationality limits) biological cognitive limits)

Planning based on the statistical ictive planni 0 i

analysis of prior periods (relies Predlct}ve planning — utilizes non-linear

on linear cause-and-cffect approximation and “What-if” scenarios. It
Stage “Plan” relationships, where the future accounts for abrupt shifts in external factors

is viewed as ; direct projection (planning is based on dynamic probability

of the past) distributions)

The concept of dynamic execution

Strict adherence to a predefined | (autonomous execution with the possibility

Stage “Do” algorithm, where any deviation |of micro-corrections) — allows for the

neutralization of minor external noise before
an error reaches a critical level.

Stage “Check”

Reactive analysis (comparative
analysis of deviations post
factum).

Proactive monitoring (predicting possible
changes before they occur).

Stage “Act”

Correction of alternatives based
on arigid, predefined algorithm.

Evolutionary adaptation — the generation
of new alternatives: utilizing genetic
algorithms or neural search methods to
identify an alternative that best corresponds
to the current state of the environment.

The role of man

Operator and analyst (high risk
of subjective bias).

Strategist who selects the best decision from
among the optimal alternatives.

Result

Static optimization of the
alternative (the time factor is
excluded from the cycle.

Intelligent self-adaptation of the system —
real-time decision-making.

Source: formed by author
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Thus, autonomous strategy correction ceases to be a one-time error-correction operation
and becomes a continuous process of updating the decision-making algorithm, ensuring the
organization's strategic resilience in a highly competitive environment.

Conclusions. The study substantiates that the transition from the classical PDCA cycle to
intelligent management systems necessitates the transformation of traditional control into a
dynamic process of autonomous response to environmental changes. It is established that Al
perceives external destabilizing factors as new training data, enabling the system to automatically
calculate a rational choice model in real time. The synergy between the rational choice model
as a selection tool and PDCA as an adaptation methodology under AI management creates a
new architecture for the automatic correction of management decisions. Drawing upon the
approach of Miiller, Buarque, and Marvala, it can be argued that implementing the PDCA
cycle directly into decision-making algorithms transforms it into an autonomous “engine”
for organizational development. Such a mechanism ensures not only error correction but also
the continuous evolution of strategy, guaranteeing the strategic resilience of organizations in
conditions of high competition and unpredictable environmental changes.
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