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MANAGING COMPLEX IT PROJECTS: SYNERGY OF DIGITAL TWIN AND
EXTREME PROJECT MANAGEMENT APPROACHES TO INCREASE FLEXIBILITY
AND RESILIENCE

The article discusses the concept of synergistic use of Digital Twin and Extreme Project Management (XPM) approaches in
the context of managing complex IT projects. It analyzes the potential of their interaction to increase adaptability, manage risks, and
ensure resilience to external changes using a specific example. The results of the study demonstrate that the integration of these
approaches not only improves the quality of planning but also significantly reduces uncertainty in the management of high-tech
projects.

In addition, the role of the digital twin as a tool for visualization, analytics, and simulation is highlighted, which makes it
possible to model complex relationships between project components, identify critical points of change, and predict likely scenarios.
XPM, in turn, allows real-time adaptation of project management strategies to changing conditions by integrating flexible decision-
making approaches based on empirical data. It is emphasized that such synergy has not only practical but also conceptual significance,
as it creates a new paradigm of thinking in the management of complex projects. The relevance of the topic is justified by the growing
share of complex, interdisciplinary, and digitally oriented projects in the IT sphere. It also takes on particular importance in the context
of constant market turbulence, rapid technological change, and the need to shorten development cycles. Thus, the abstract outlines
not only the technical but also the strategic potential of an integrated approach.
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KPABUYYK Ouinsra

XMeNnbHULBKHI HALIOHATBHUH YHIBEPCUTET

YIOPABJITHHS CKJIAJHUMM IT-TPOEKTAMMW: CHHEPTISI IIIXOJIB DIGITAL
TWIN I EXTREME PROJECT MANAGEMENT JJISI HIJIBUIIEHHSI THYYKOCTI
TA CTIMKOCTI

Y cTaTTi po3risAaETsCs KOHUENLIS CUHEDITYHOrO BUKOPUCTaHHS riaxoqis Digital Twin (ungposoro AsiviHnka) Ta Extreme
Project Management (XPM) y KOHTEKCTT yripaB/iiHHS ckaagHmmu IT-rpoektamu. AHani3yeTbCs MOTERLIas ix B3aEMOLIi 15 MiABULYEHHS
DIBHSI aAANMTUBHOCT], YIIPABJIIHHS PU3NKAMU Ta 386E3MeYeHHS CTIVIKOCTI O 30BHILLIHIX 3MiH Ha KOHKKDETHOMY MPUKAAaAI. Pe3y/ibTati
JOCTIDKEHHS] JEMOHCTPYIOTD, O [HTErPaLis LuxX riaxXo4i8 Cripusie HE JIMLLE MOKPALYEHHIO SIKOCTI M/1aHyBaHHs, a/ie ¥ 3HayHomy
SHIWKEHHIO HEBU3HAYEHOCTI B YIIPaB/IiHHI BUCOKOTEXHO/IOMTYHINMM [IPOEKTAMM.

KpiM TOro BUCBIT/IIOETCS PO/Tb LMGHPOBOIO ABIVIHMKAE 5K IHCTPYMEHTa Bi3yasu3alii, aHamiTvky ¥ cuMynsauii, o Aae 3Mory
MOAEIOBATY CKIAAHI B3AEMO3B A3KU MK KOMITOHEHTaMU TPOEKTY, BUSBIISTU KPDUTUYHI TOYKU BII/IMBY 3MiH Ta NEPEAOGAYATH HMOBIDHI
cuyeHapii po3suTky rnogiv. XPM, y cBoto 4Yepry, AO3BOJISE B PEXUMI PEASILHOIO Yacy aAanTyBatv CTPATEN MPOEKTHOMO Yipas/iiHHS 40
3MIHHUX YMOB, IHTEMDYIOYM MHYYKT ITIAX0AM A0 MPUIHSTTS PILLEHbB, LO TPYHTYIOTECS Ha EMITIDNYHUX AaHuX. [TIGKDEC/IIOETECS, Lo Taka
CUHEDISI MAE HE JIULLIE TTPAKTUYHE, /1€ ¥ KOHLIENTYasIbHE 3HAYEHHS, OCKI/IbKM CTBOPIOE HOBY 1apafurMy MUC/ICHHS B YIpas/iHHI
CKIIBAHUMY  [IPOEKTAMU. AKTYasIbHICTb TEMU OOIpYHTOBYETLCA 3POCTAHHAM YacTKU CKAaAHNX, MDKANCUMITTIHGPHUX | Ln@poBo
OpIEHTOBaHNX MPOEKTIB B IT-cpepi. BoHa Takox HabyBae 0CO6/MBOI Barv B yMOBax IMOCTIMHOI TypGyIEHTHOCTI PUHKY, LUBUAKNX
TEXHOJIOITYHIUX 3MIH [ ITOTPEOH B CKOPOYEHHI LMK/IIB PO3POOKH. OTXE, aHOTALIIS OKDECITIOE HE JINLLIE TEXHIYHMY, a/le 1 CTpaTeriyHmi
TIOTEHLjIasT IHTEMPOBAHOIO M1iAX04Y.

KntoqoBi cioBa: IT-rpoexTv, iTeparvBHmi migxia, riopuarHi MOAEN, YiipassiiHHS, MOAE/IIOBAHHS.
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STATEMENT OF THE PROBLEM

Modern IT projects are characterized by a high level of complexity, dynamic implementation conditions, and
constant uncertainty. Given the growing role of information technology in ensuring business sustainability and
strategic development, the issue of effective management of such projects is becoming critically important. Constant
changes in market conditions, technological breakthroughs, and rapid growth in data volumes require new approaches
to the organization, coordination, and implementation of project activities. At the same time, project teams work in an
environment where they increasingly face unpredictable circumstances, including sudden changes in customer
requirements, resource constraints, regulatory barriers, or even cyberattacks. In such conditions, the key factor for
project success is the ability to quickly adapt to new challenges, make informed decisions, and ensure continuous
coordination between all participants in the process. This creates a need for innovative tools that can not only support
traditional management functions, but also provide proactive analytics, scenario simulation, and rapid adaptation to
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change. On the one hand, the Digital Twin concept allows you to create accurate digital models of projects that reflect
all key parameters of the system, its dynamics, and interrelationships in real time. On the other hand, the Extreme
Project Management approach provides management flexibility and openness to experimentation, which are necessary
in conditions of instability and complexity. The combination of these approaches creates the basis for a new
paradigm—integrated digital project management, which improves both the quality of management and the ability of
teams to self-organize in real time.

ANALYSIS OF RECENT STUDIES AND PUBLICATIONS

Recent scientific publications in the field of digital project management emphasize the importance of
implementing digital twins to achieve a high level of project transparency and control. The work of Zhang et al. (2022)
[1] reveals the potential of Digital Twin to automate change management in complex projects by simulating the
consequences of decisions in real time. Similarly, the study by [2] demonstrates how digital twins are used in IT
infrastructures to predict system failures and prevent critical errors. In the field of agile project management
methodologies, there is growing interest in extreme project management (XPM), as highlighted in the works of
Highsmith (2021) and Cockburn (2022), which justify the benefits of increased team autonomy and flexible adaptation
to change as key success factors in an unstable environment. Krahnke (2023) attempts to reconcile the principles of
XPM with real-time analytics technologies, pointing to the need for a flexible digital infrastructure.

Publications that directly explore the integration of Digital Twin and XPM also play an important role. For
example, a Gartner (2024) analytical report notes that the most effective organizations in the IT field are currently
combining these approaches to reduce product development time and mitigate risks. The work of Miiller et al. (2023)
demonstrates real-world cases of using digital twins in combination with XPM for flexible management of complex
multi-level projects in the cloud services industry.

A summary of these studies suggests that combining Digital Twin and Extreme Project Management is not
only a modern trend but also a reasonable step toward improving the efficiency, predictability, and adaptability of
managing complex IT projects. This creates a need for innovative tools that can not only support traditional
management functions, but also provide proactive analytics, scenario simulation, and rapid adaptation to change. On
the one hand, the Digital Twin concept allows you to create accurate digital models of projects that reflect all key
parameters of the system, its dynamics, and interrelationships in real time. On the other hand, the Extreme Project
Management approach provides management flexibility and openness to experimentation, which are necessary in
conditions of instability and complexity. The combination of these approaches creates the basis for a new paradigm—
integrated digital project management, which improves both the quality of management and the ability of teams to
self-organize in real time.

PRESENTATION OF THE MAIN MATERIAL

The central idea behind combining Digital Twin and XPM is to create a dynamic management environment
that not only reflects the current state of the project but also actively influences its implementation [3]. In traditional
project models, managers face a disconnect between the plan and actual execution, but a digital twin minimizes this
gap, enabling more realistic forecasts and proactive decision-making [6]. In combination with XPM, the digital twin
acts as an “intelligent mirror” of the project: it not only reflects but also analyzes the actions of participants, takes
external factors into account, and adjusts development trajectories. For example, if a team changes its approach to
implementing a particular functionality, Digital Twin allows you to instantly assess how this will affect the
dependencies between components, the project schedule, or costs. This, in turn, paves the way for flexible adaptation
through XPM principles, where any change is not seen as a threat but as an opportunity to rethink the strategy [4].

It is worth noting that the effectiveness of this approach increases in proportion to the level of digital maturity
of the organization. Organizations with developed IT infrastructure that use cloud technologies, DevOps, CI/CD, and
real-time monitoring tools integrate Digital Twin into their processes much faster. At the same time, XPM methods
prove to be most effective in multidisciplinary teams where speed of decision-making, autonomy, and flexible
delegation of authority are valued [7-8].

The synergy between Digital Twin and XPM is extremely useful in the planning and validation phase. By
modeling alternative scenarios, managers can test different approaches to implementing functionality, predict risks,
identify bottlenecks, and develop strategies to eliminate them in advance. This approach creates the conditions for a
transition from a reactive to a proactive management style. At the same time, it allows the team to receive feedback
faster, which is in line with the principles of continuous improvement that are the basis of XPM. The role of such
approaches in ensuring interaction between stakeholders is no less important. Instead of the usual reports or
presentations, digital twins can clearly demonstrate progress, changes, and projected results in a format that is
convenient for analysts, business users, or investors. This creates a transparent environment for collaboration, where
each participant has access to relevant information and can make informed decisions. Thus, the combination of Digital
Twin and Extreme Project Management not only optimizes management processes but also forms a new management
philosophy based on the symbiosis of precision, flexibility, and technological foresight.
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In the practice of IT companies, the combination of Digital Twin and XPM is embodied in various industries.
One striking example is projects to develop cloud platforms for processing large amounts of data (Big Data). In such
an environment, digital twins are used to simulate loads on the system architecture, allowing its capacity limits to be
determined in advance. When customer requirements change or the volume of data increases during the project, XPM
allows you to quickly change priorities, adapt the team, and change technical solutions without stopping the project.

Another example concerns the development of electronic document management systems for the public
sector. Here, digital twins allow you to simulate the behavior of the system when integrated with other departmental
services, as well as assess the risks of failures during peak loads. Within XPM, management is carried out through the
active involvement of users in testing intermediate versions of the product, which allows you to adjust functionality
in real time. In the financial sector, combining these approaches is effective in developing digital banking platforms.
Digital twins allow you to model user behavior and test new features without risk to the core infrastructure, while
XPM enables short development iterations and rapid response to regulatory changes.

Thus, examples of Digital Twin and XPM implementations demonstrate their ability to increase efficiency,
reduce risks, and ensure adaptability in a wide range of IT projects — from government to commercial, from
technically complex to socially oriented.

Comparative table of Digital Twin and XPM applications in various IT scenarios

Government e-governance

performance during peak loads

rapid updating of functionality

Area of application Role of Digital Twin Role of XPM Expected effect
Cloud computing Loaq . modeling, failure Flex!ble response to ghangmg Increased scalability and stability
prediction requirements and priorities
Simulation of  integration . . Reduction in the number of
. Involvement of users in testing, . .
processes, analysis of failures, increased transparency

of implementation

Financial IT solutions

Analysis of wuser behavior,
modeling of new features

Short development iterations,
quick response to regulatory
changes

Reduced time to market

Healthcare software

development

Testing  compatibility — with
medical  devices, checking
compliance with standards

Flexible adaptation to regulatory
requirements, integration with
clinical systems

Increased reliability, compliance
with standards

Thus, the optimal combination of Digital Twin and XPM creates a powerful toolkit that simultaneously
provides technical reliability, management flexibility, and accelerated innovation, which is critical in today's IT
environment.

IMPLEMENTATION OF A COMBINATION OF DIGITAL TWIN AND XPM APPROACHES

As part of the study, a project to create software at European Regional Agency LLC [9] was selected. This
company is a regional leader in the development and integration of business process management solutions. In recent
years, the company has successfully implemented a number of projects for domestic and foreign clients in the financial
sector, telecommunications, tourism, and transportation. One of its main areas of activity is the creation of software
for business process automation and project management support. This company was chosen because of its extensive
experience and expertise in IT project management. This allows for the exploration of a wide range of methodologies
and practical approaches to project management. The high professional competence of the company's employees
ensures the high-quality execution of tasks, which is particularly important for the analysis of the experience gained.

The decision to choose a specific project was based on several factors: its scale, complexity, specific features,
and existing challenges. It involves the creation of a large software system consisting of numerous modules that
different teams are working on. This necessitates the coordination of a large number of resources: human, time,
technological, and financial. In addition, the project faces tight deadlines, strict budget constraints, and high
requirements for the reliability and quality of the final product. In this context, the implementation of Digital Twin
and XPM can be an effective tool for overcoming these difficulties and improving project management performance.

Thus, by implementing digital twins, we have achieved cost reduction, product quality improvement,
implementation time reduction, and increased transparency of interaction with users and regulators.

CONCLUSIONS

The integration of Digital Twin and Extreme Project Management concepts opens a new era in managing
complex IT projects. This approach is based not only on the technical advantages of digital modeling, but also on the
flexibility of management decisions, which allows organizations to quickly adapt to changing conditions and improve
the quality of products and services. In the context of digital transformation, companies face increasing challenges
related to market dynamics, rapid technological development, cyber threats, and the complexity of user interaction. In
this context, the synergy between Digital Twin and XPM allows not only to respond quickly to events, but also to
proactively form scenarios of events, increasing the accuracy of forecasts and the effectiveness of implementation.

The use of digital twins in IT projects allows you to create highly accurate virtual models that reflect the
current state of the project, identify deviations from expected results, and form simulations of “what-if” scenarios.
This, combined with XPM principles, enables adaptive planning, reduces decision-making time, and mitigates risks
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at all stages of the project lifecycle. The successful implementation of such a management model depends on the
digital maturity of the organization, the level of interdisciplinary interaction, and openness to innovation. The
examples from the real sector—cloud computing, e-government, financial platforms, and healthcare—confirm the
broad applicability of an integrated approach. All these industries demonstrate similar benefits: reduced costs,
improved product quality, shorter implementation times, and increased transparency in interactions with users and
regulators. Thus, the effectiveness of combining Digital Twin and XPM can be considered proven from both a
theoretical and practical point of view.

The scientific and practical value of the topic lies in its ability to create a new management culture — a
culture in which inevitable change is seen as an opportunity for innovation rather than a threat. By integrating digital
modeling and agile management, organizations gain powerful tools that support them in strategic thinking, daily
activities, and long-term development.

In the future, it will be advisable to further study the economic effect of implementing this approach, develop
industry standards for the integration of Digital Twin and XPM, and study their application in crisis management,
cybersecurity, and cross-industry IT projects. The issues of digital management ethics, data protection, and ensuring
fair access to technology are also important. Thus, the proposed model not only contributes to the transformation of
project management but also creates conditions for more responsible, sustainable, and innovative development of the
IT industry as a whole.
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