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AnHoTauus. busHec-mponecrepai aBTOMaTTaHAbIPY OaHK CalachbIHBIH Y3MIKCi3
JNaMYBIHBIH Heri3ri (akTopblHa aWHaNIbl. bysl 3eprrey aBTOMATTAaHABIPYABIH Ka3ipri
JTMHAMUKAIIBIK Kap)KbUIBIK OpTaJarbl OAaHKTEPJiH THIMILTITT MeH Odcekere KaOineTTiiirine
ocepiH KaH-)KaKThl TaJayFa apHanrad. Makasaa OaHK CeKTOPBIHaFbl OM3HEC-IPOLeCTep Il
aBTOMATTaHJBIPYABIH HETI3r1 TEHIACHUUSUIAPBl 3€pTTee/li >XKOHE aBTOMATTaHIbIPbUIFaH
KYWenepAl THUIMII EHTI3y/Al KOPCEeTeTiH COTTI NMPaKTUKAIBIK MBICAIApFa TEPEeH Talaay
xKacananabl. ABTOMATTaHIBIPYIBIH TYTBIHYIIBUIADFA KBI3MET KOPCETy camachlH Kajal
KaKcapTaTbIHbIHA, ONEPALMSUIBIK IIBIFBIHAAPIBIH alTapIbIKTall TOMEHACYIHE JKOHE IICIIiM
KaObu1gay NpOLECTEPiHiH TUIMAUIIIH apTThIpyFa epekile Hazap ayaapbuiaibl. COHBIMEH
Karap, 3€pTTey aBTOMATTaHABIpyFa OaiaHBICTBl BIKTUMAJ TIyeKeJaAepli Oaranmaiibl
KOHE OCBl TOYyEKeJJepAl azaiTyra OarblITTajfaH CTPATEIHMsJIBIK HYCKAayJaplbl YCBIHAJIBL.
Ocpbl 3epTTeyAe YChIHBUIFaH HOTHXKeEJep OaHK MEHeIpKepiepi, OaraapiaMablK jKacaKTaMa
Kacaylbulap *OHE KapKbl HAPBIFbIH pETTEyIIIep YIIiH Oara jKeTrec MaHbI3fa ue, Oy
oJlapra e3 yHbIMIapbIHAaFsl OU3HEC-TIPOLeCTEPl aBTOMATTaHABIPYFa KaThICThl HEeTi3e/TeH
menrimMzep Kaobuiiayra KOMEeKTeCe/Ii.
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AHHOTaUUS. ABToMaTH3aLUs OM3HEC-TIPOLIECCOB cTana KIIIOUEBBIM
(hakTOpoM B HENPEPHIBHOM pPa3BUTHH OaHKOBCKOW oTpaciu. JlaHHOe wuccieaoBaHne
MOCBSIIIIGHO BCECTOPOHHEMY aHAIM3y BIHMSHUS aBTOMaTH3anmuu Ha 3(QdeKkTHBHOCTH U
KOHKYPEHTOCIIOCOOHOCTh 0OaHKOB B COBPEMEHHOH JWHaMU4HOW (UHAHCOBOH cpene.
B cratee wncciemyroTcs OCHOBHBIE TEHACHIMHM B aBTOMAaTH3allMUd OW3HEC-NPOLIECCOB B
OAHKOBCKOM CEKTOpPE M MNPHUBOAMTCS YINIyOJEHHBIH aHadM3 YCHEIIHBIX NPaKTHYECKUX
PUMEPOB, CBUICTENLCTBYIOUMX 00 3(GQGEKTUBHOM BHEIPEHUHM aBTOMATH3UPOBAHHBIX
cucteM. Ocoboe BHUMaHHE YAENAETCS TOMY, KaK aBTOMATH3alMs TIOBBIMIAET KadeCTBO
o0CTy)KMBaHUA KJIUEHTOB, TPHUBOJUT K 3HAYUTEILHOMY CHHKEHHIO OIEpallMOHHBIX
pacxonoB M moBblmacT 3()(HEKTUBHOCTh MPOLECCOB NMPUHSTUS peuieHuii. Kpome Toro, B
UCCIICJIOBAHNU OIICHUBAIOTCS IOTEHIMAIbHBIE PHCKH, CBSI3aHHBIE C aBTOMAaTHU3alMeH, U
NpeAIaralTcs CTPATETMYEeCKUe PEKOMEHIALWH, HANpaBICHHbIE HAa MHHUMM3ALUIO 3THX
PHUCKOB. Pe3ybTaThl, IpeACTaBICHHbBIE B 3TOM HCCIIEI0BAaHUN, UMEIOT HEOLIEHUMOE 3HAYCHUE
JUTst 0AHKOBCKHX MEHEKEPOB, Pa3pabOTYMKOB MPOTPAMMHOTO 00ECTIEUeHHS U PETYIATOPOB
(hMHAHCOBOTO pBIHKA, TIOMOTas WM TPUHHMAaTh OOOCHOBAHHBIC PEIICHUS OTHOCHUTEIHHO
aBTOMATHU3aLUKN OM3HEC-TIPOLIECCOB B CBOMX OPraHU3aIMSIX.

KioueBblie ciioBa: apromaru3ays OM3HEC-IPOLECCOB, OAHKOBCKAsl OTpaciib, Kade-

CTBO OOCHYyXMBaHUSI ~KJIMCHTOB, CHI)KCHHE OINEPALMOHHBIX 3aTpaT, MOAXOJ K
MOJICTUPOBAHUIO

Jnss umurumpoBanmsi:  H.E.  Apteik, ['K. CemOuna. ITIOBBIIIEHUE
DOOEKTUBHOCTU BAHKOBCKUX OIIEPAIIMA 3A CUET ABTOMATH3ALIUU:
noaAxoxA K MOJIEJIMPOBAHUIO/MEXTYHAPOJIHBI XYPHAJI
NHO®OPMAILIMOHHBIX 1 KOMMYHUKAIIMOHHBIX TEXHOJIOTUH. 2024. T. 5. No.
20. Ctp. 08-21. (Ha anrm.). https://doi.org/10.54309/1J1CT.2024.20.4.001.

Introduction

A business process in banking is an ordered set of actions that are performed in
order to achieve a specific task or solve a specific problem. This process begins with the
identification of the client’s needs and continues until the provision of the appropriate
financial product or service. It is difficult to overestimate the importance of formalization
and regulation of business processes in the banking sector, since they directly affect the
operational and strategic effectiveness of the bank, which, in turn, affects the profitability
indicators and ratings of the bank.
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The current year 2024 has witnessed a number of significant innovations in the
banking sector.The popularity of cryptocurrencies and blockchain technologies continues to
grow. These innovations promise a revolution in the field of interbank settlements, allowing
instant payments on a global level without intermediaries. Digital platforms are becoming the
norm in commercial banking. From mobile apps to online platforms, customers expect access
to their finances 24/7. This trend also implies the need to integrate different service channels
to provide a unified and consistent experience for customers, regardless of whether they use
a mobile application, website or visit a bank branch.

The aim of the study is explore how automation can speed up routine tasks, reduce
errors, and increase the overall productivity of the finance department and evaluate how
automation contributes to improving the accuracy of financial data and reporting, minimizing
the risk of the human factor.

Research objectives:

o Identify the main financial processes to be automated (accounting, payroll, cash
flow management, etc.);

e Analyze the current productivity, accuracy and cost of manual operations;

o Identify areas where automation can bring the greatest benefit.

The novelty of the research lies in the fact that it presents a comprehensive analysis
of the automation of business processes in the financial industry, considering modern techno-
logical solutions, market requirements and the needs of companies.

Automation of banking processes is a crucial step in improving the efficiency of
financial institutions. One of the striking examples of successful digitalization of credit trans-
actions is demonstrated by Kaspi Bank, the largest bank in Kazakhstan. Prior to the introduc-
tion of automated solutions, the credit process was characterized by a lengthy processing of
applications, a high workload on staff and limited transparency for customers. On average, it
took three to five business days to process a loan application, which reduced the speed of ser-
vice and increased transaction costs. Customers were forced to personally visit bank branches
to submit documents, and their creditworthiness was checked manually, which often led to
errors and delays.

To solve these problems, Kaspi Bank has implemented comprehensive automation
of the loan processing process, including digital processing of applications through a mobile
application and a web platform. Automated algorithms have been integrated with databases
of credit bureaus and state registers for instant verification of customers’ credit history. The
key innovation was the use of scoring models based on machine learning, which made it pos-
sible to speed up loan decision-making and significantly reduce the risks of non-repayment.
Customers were able to track the status of their applications in real time through a mobile
application, which increased the transparency of the process.

The automation results were impressive: the time for reviewing loan applications
was reduced to one minute, and about 80% of all applications are now processed without
human intervention. This has led to an increase in the number of customers and an expansion
of the bank’s geographical coverage. As of 2023, the number of active users of the application
Kaspi.kz exceeded thirteen million. At the same time, operating costs have decreased due to
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optimization of labor costs and increased efficiency of risk management.

Literature Review

The automation of business processes within financial companies has emerged as a
critical area of focus, driven by the need for efficiency, cost reduction, and improved service
delivery. The literature reveals a multifaceted approach to understanding how automation can
be effectively integrated into financial services, highlighting both the benefits and challenges
associated with its implementation.

Business Process Management (BPM) is a foundational concept in the automation
of business processes, particularly in the financial sector. Duran emphasizes that BPM
technologies can significantly enhance the efficiency and profitability of financial institutions
by streamlining operations and reducing redundancies (Duran, 2012). This is corroborated by
Nkurunziza, who notes that effective management of business processes through knowledge
creation can lead to improved customer value and operational efficiency (Nkurunziza, 2023).
The integration of BPM within financial services not only facilitates the automation of
routine tasks but also supports strategic decision-making, enabling organizations to adapt to
changing market conditions and customer needs.

Moreover, the role of information systems in automating business processes cannot be
overstated. Mziray discusses how information systems facilitate the integration of disparate
systems, allowing for the automation of various functions across departments (Mziray, 2023).
This integration is crucial for financial institutions, which often deal with complex workflows
that span multiple areas such as accounting, compliance, and customer service. The ability to
automate these processes leads to reduced operational costs and enhanced service delivery, as
employees can focus on higher-value tasks rather than repetitive manual processes.

The literature also addresses the challenges associated with implementing automation
in financial services. For instance, while automation can lead to significant efficiency gains, it
also requires careful management of change within organizations. As highlighted by Kvalnes,
the ethical implications of automation, including potential job displacement and the need for
employee retraining, must be considered (Kvalnes, 2019). This is particularly relevant in
the financial sector, where the workforce is often required to adapt to new technologies and
processes.

The article by Sembina et al. (2022) presents a comprehensive model for incident
management, emphasizing the critical role of enhancing the efficiency of information
technology infrastructures within enterprises. The authors argue that the increasing volume of
technical support requests can lead to significant delays in incident resolution, which in turn
results in system downtimes and financial losses for businesses. By developing a reference
incident management model, the study aims to address these challenges and improve the
overall effectiveness of incident management systems in organizations (Sembina et.al., 2022).

The literature on Business Process Automation (BPA) in the financial industry
provides a comprehensive analysis of its potential and challenges. Markovitch and Willmott
emphasize the importance of digitizing business processes to improve efficiency, though they
note that high initial investment costs remain a significant barrier (Markovitch & Willmott,
2014). Kokina and Blanchette explore BPA’s role in financial reporting, demonstrating its
capacity to enhance accuracy and transparency (Kokina & Blanchette, 2019). Fernandez and
Aman further highlight BPA’s global impact, showcasing its ability to reduce operational
costs and improve customer service delivery in financial services (Fernandez & Aman, 2018).

Chui et al. identify key areas where automation enhances productivity, particularly
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in repetitive operational tasks (Chui et al., 2015). Extending this view, Milani et al. integrate
blockchain technology into BPA to enhance transparency and reliability (Milani et al.,
2016). Romao et al. present a banking industry case study that demonstrates BPA’s ability
to streamline workflows and significantly reduce processing times (Romao et al., 2019).
Puschmann examines how fintech innovations drive BPA adoption, fostering both competition
and operational efficiency (Puschmann, 2017).

Madakam et al. project the future directions of BPA in financial management,
advocating for scalable and adaptable solutions in dynamic market conditions (Madakam
et al.,, 2019). Schulte et al. emphasize the benefits of cloud-based BPA, particularly its
scalability in handling variable workloads (Schulte et al., 2015). Ribeiro et al. connect BPA
to Industry 4.0 advancements, illustrating its integration with emerging technologies to
optimize operations (Ribeiro et al., 2021). Aguirre and Rodriguez provide insights into case
studies where robotic process automation (RPA), a subset of BPA, has effectively reduced
costs and improved efficiency (Aguirre & Rodriguez, 2017).

Tripathi discusses BPA implementation frameworks, offering practical insights for
automating workflows using modern tools like UiPath (Tripathi, 2018). Lastly, Roglinger et al.
introduce maturity models for BPA, underlining the importance of structured methodologies
for sustained benefits (Roglinger et al., 2012).

Furthermore, the integration of automation technologies must be approached
holistically. David et al. discuss the importance of enterprise resource planning (ERP) systems
in monitoring and automating business processes across various functions, including finance
and payroll (David et.al., 2019). This holistic approach ensures that automation initiatives are
aligned with the overall strategic goals of the organization, thereby maximizing their impact
on business performance.

Material and Methods

The object of research in this paper is the automation of business processes in the
banking industry. In the context of growing transaction volumes and increasingly complex
customer requirements, banks are striving to improve operational efficiency through the
introduction of digital technologies and automation.

The subject of the study includes mathematical and computer models, as well as
applied aspects of business process modeling using BPMN (Business Process Model and
Notation). This methodology is widely used for visualization and optimization of processes,
which allows banks to significantly improve the performance of their systems.

The hypothesis of the study is that automation of the main business processes in the
bank using BPMN helps to improve operational efficiency, reduce transaction processing
time, reduce costs and increase customer satisfaction. It is assumed that the introduction
of BPMN in combination with modern information technologies will contribute to more
flexible process management, reduce the risks of the human factor and improve the accuracy
of operations.

BPMN allows you to create easily interpreted graphical models that help structure
and simplify complex business processes. This methodology visualizes workflows in the
form of diagrams, which allows you to identify bottlenecks, optimize resources and increase
transparency of work. In the context of the banking sector, BPMN allows you to model
processes such as credit transactions, payment processing, customer account management, as
well as processes related to compliance with regulatory requirements(Fig.1).
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Figure I — The BPMN of the loan “AS-IS” process.
Let the bank have multiple processes that can be automated. These processes can be
denoted as a set:

P={P,P,...,P,} (1)
where each P represents a distinct business process, such as account opening, loan processing,
customer support, etc. Each process P, requires inputs I and generates outputs O

[i={Ly, Ly, Iy} (Tuputs for process P.)

0;={04,00,...,0,}  (Outputs or process P) (2)

Examples of inputs might be customer information, transaction history, etc., and
outputs can be loan approval decisions, account creation confirmations, etc.
Let’s denote the degree of automation for each process as a variable x, where:

2 e e el

|

where 0 represents no automation and 1 represents as a
vector. So the automation configuration of the system can be represented as a vector:

X = (1, 29,...,2,) )

The goal of automation is often to minimize the operational costs and maximize
efficiency. Let the cost of automating process P, be C(x.), which is a function of the degree of
automation. We aim to minimize the total cost of automation across all processes:
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Ctotal - Z C;(.Bi) (4)
i—1

Additionally, the bank may aim to maximize the performance or efficiency of these
processes. Let the performance improvement of process P, due to automation be E,(x,). The
overall performance can be maximized by:

ELoLal — Z E-.r' (l;) (5)
i—=1
The combined objective function can thus be:
mn T
FO0 =) Efw) B3 Cla) ©
i—=1 i—1

where o and 3 are weights reflecting the relative importance of performance and cost reduction.
Automation will likely face several constraints. Some typical ones include: there will
be a maximum budget available for automation.

Z Ci(z;) < B (7)
i=1

Certain processes may need to be automated to a minimum level for regulatory
compliance or efficiency. Let this minimum automation level for process P, be x..

e . o
I — -L-x,mm \?f.-‘,

®)

Some processes may depend on the automation of others. For instance, process P, can
only be automated if process P, is automated to a certain degree x

z; < flar)

Performance measures can be modeled as functions of time, accuracy, and customer
satisfaction, for example:

e Time efficiency: Let T,(x,) represent the time reduction achieved in process P, due
to automation. We want to minimize:

k,min"

©)
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TLUL&I — Z Tx(-ﬂa) (10)
i=1

Error reduction: Let E__(x,) represent the reduction in error rates due to automation

in process P.. ’

The final model, incorporating both cost and performance optimization, subject to
constraints, would be:

n n (11)
fx)=a)d Eij(z;) - B> Ci(z)
i=1 i=1

subject to

i Ci(z;) < B
i=1

(12)

&Ly = Ij min Vi

x; < f(ap)

The model leverages a process optimization framework, which includes defining
the core components of business processes, such as inputs, outputs, decision variables, con-
straints, and objective functions (Madera, 2015). By representing each process mathematical-
ly, it becomes possible to evaluate the efficiency of different automation strategies, identify
bottlenecks, and determine the optimal configuration for maximizing performance.

Results and Discussion

In the course of the research, mathematical modeling of business process automation
in the banking sector was carried out, with the key goal of minimizing operational costs and
maximizing process efficiency. The applied model considered parameters such as the degree
of automation (x,), the cost of automation (C,(x.)) and productivity improvement (E (x,)).

1. Cost optimization: The model demonstrated that automating loan processes using
machine learning algorithms and integration with external databases significantly reduced
operational costs. In particular, the automation level (x;) for loan application processing
reached 0.8-0.9, minimizing human intervention and errors.

2. Reduction in processing time: The time for loan application processing decreased
from 3-5 business days to one minute, reflecting an improvement in the T(x,) indicator. This
optimization led to a significant increase in the number of customers, as their needs were met
more quickly and transparently.

3. Improved accuracy: The introduction of automated systems reduced the error rate
in calculations and creditworthiness checks. This improved decision quality and lowered the
risk of defaults.

4. Resource savings: Through cost optimization (C(x,)) and reallocation of labor, the
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bank was able to reduce application processing expenses and increase overall profitability.

The table 1 highlights the transformative effects of automation business processes
(BPA) on banking operations, showcasing significant improvements in efficiency and financial
performance. For instance, the time required to process loan applications dropped from 3-5
business days to just 1 minute due to the implementation of BPA tools, such as real-time credit
history verification integrated with external databases. This reduction enhanced customer
satisfaction and significantly expanded the customer base, with active users increasing from 6
million in 2019 to 13 million in 2023, as seen in the case of Kaspi.kz. Financial indicators also
saw notable improvements, with net profit rising from 175 billion KZT to 476 billion KZT in
the same period. Although return on assets (ROA) and return on equity (ROE) experienced
slight declines (from 9 % to 8.1 % and 77 % to 73 %, respectively), these changes reflect
reinvestments and scaling efforts essential for sustaining long-term growth.

Table 1. Comparison of Kaspi.kz data before and after automation

Indicator Before automation After automation
Time to process loan applications 3-5 business days 1 minute
Number of active users 6 million (2019) 13 million (2023)
Net profit 175 billion KZT (2019) 476 billion KZT (2023)
Return on Assets (ROA) 9% (2019) 8.1 % (2023)
Return on Equity (ROE) 77 % (2019) 73 % (2023)

BPA has also proven to be a vital tool in cost optimization and error reduction.
Processes like loan processing, account opening, and customer support experienced
substantial cost reductions, enabled by streamlined workflows and automated tools. Kaspi.kz,
in particular, demonstrated the success of BPA by automating its credit application process,
reducing the time to review applications to just 1 minute and processing around 80% of
applications without human intervention. These advancements improved decision-making,
reduced operational costs, and allowed the reallocation of resources to more complex
tasks. This underscores the broader strategic importance of BPA in enhancing operational
efficiency, reducing errors, and strengthening the market position of banks in an increasingly
competitive financial environment.

Discussion

Automation has significantly reduced the time required for these processes, improving
operational efficiency and customer satisfaction. The largest improvement is observed in
loan processing, where automation eliminated bottlenecks and human intervention. These
advancements not only enhance service speed but also free up resources for more complex
tasks, contributing to overall operational excellence in the banking sector.
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Comparison of Time Before and After Automation

300 Time Before Automation
mmm Time After Automation

250

N
o
o

Time (in minutes)
=
u
3

-
°
=]

50

I
Loan Processing Account Opening Customer Support

Figure 2 - Comparison time before and after automation

The diagram (Fig.2) illustrates the time efficiency achieved through automation in
three key banking processes: loan processing, account opening, and customer support. For
loan processing, the time required before automation was approximately 300 minutes (around
5 hours), reflecting the inefficiency of manual operations. After automation, this time was
dramatically reduced to just 1 minute, showcasing the transformative impact of streamlined
workflows and automated decision-making. Similarly, account opening, which previously
took about 200 minutes due to extensive paperwork and manual verification, now requires
only 10 minutes, highlighting the efficiency gains from process automation. Customer support
also saw significant improvement, with average response times decreasing from 150 minutes
to just 5 minutes after the implementation of automated systems for handling inquiries.

The diagram clearly demonstrates the profound reduction in processing times across
all three processes, emphasizing the role of automation in enhancing operational efficiency
and customer satisfaction. The improvements highlight how automation not only eliminates
bottlenecks but also creates a more responsive and seamless banking experience, freeing
resources for other strategic activities.

Comparison of Costs Before and After Automation
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Figure 3 — Comparison costs before and after automation

The second diagram (Fig.3) presents a comparative analysis of costs incurred before
and after the implementation of automation business processes (BPA) across three critical
banking operations: loan processing, account opening, and customer support. For loan
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processing, costs before automation were approximately 100 units, primarily due to reliance
on manual labor and inefficiencies in workflow management. Post-automation, these costs
decreased significantly to 60 units, reflecting the effectiveness of streamlined processes in
reducing expenses. Similarly, the cost of account opening, which was around 120 units before
automation due to the demands of paperwork, verification, and human resource management,
dropped to 70 units after automation. This demonstrates enhanced cost efficiency and better
resource utilization. In the case of customer support, costs reduced from 90 units to 50 units
as automation replaced manual operations, contributing to faster and more reliable customer
service.

According to the results, several key discussion points emerged:

1. Impact on efficiency: The presented results confirm the hypothesis that automating
processes using the BPMN approach significantly enhances the operational efficiency of
a bank. However, it is worth noting that high initial investments in the development and
implementation of automated systems remain a barrier for many organizations.

2. Model adaptation: The successful application of the optimization model depends
on properly configuring weight coefficients to balance costs and efficiency. For example, in
this study, a greater emphasis was placed on productivity, which is justified in a competitive
market environment.

3. Limitations: Although the presented model successfully demonstrated its
advantages, its application is limited to specific scenarios. For complex operations, such
as risk management or investments, the model may require further development and the
integration of additional factors.

Future research should focus on expanding the existing model to incorporate factors
that account for human interaction with automated systems, ensuring a more comprehensive
understanding of their integration. It is also essential to consider the long-term risks associated
with completely removing human involvement in critical processes, as this may pose
challenges in maintaining oversight and adaptability. Additionally, evaluating the impact of
automation on customer satisfaction, particularly from the perspective of varying levels of
digital literacy among users, could provide valuable insights to guide inclusive and effective
automation strategies.

The obtained results underscore the importance of a strategic approach to automation
in the banking sector. Effective planning and process management will enable banks to achieve
not only financial benefits but also strengthen their competitive position in the market.

Conclusion

In the context of automating business processes in banks, the study highlights the
transformative impact and effectiveness of automation technologies. Despite the absence of
large-scale industrial operations, automation has proven to be a critical tool for enhancing op-
erational efficiency, reducing costs, and improving service quality within the banking sector.

The automation of business processes within the banking sector is no longer a mere
trend but a strategic imperative. This study has delved into the intricate relationship between
automation and the efficiency of banking operations. By leveraging mathematical modeling,
we have demonstrated that the strategic implementation of automation can significantly en-
hance various aspects of banking.

The successful implementation of automation in banking requires an integrated ap-
proach that considers both technological and organizational factors. By carefully selecting
the processes to be automated, developing robust models, and addressing potential challeng-
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es, banks can harness the full potential of automation to achieve their strategic goals.

The automation of business processes is a powerful tool for transforming the banking
industry. By optimizing operations, enhancing customer satisfaction, and driving innovation,
banks can solidify their position in a rapidly evolving competitive landscape. As technology
continues to advance, the possibilities for automation in banking are vast, and organizations
that embrace this trend are poised to reap significant benefits.

In conclusion, automation of business processes in banks offers substantial benefits
in terms of efficiency, cost savings, and service quality. However, addressing implementation
challenges and ensuring a balanced approach that integrates automation with human over-
sight are essential for achieving long-term success. The findings underscore the importance
of strategic planning and continuous improvement in leveraging automation technologies to
enhance banking operations.
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Abstract. This study explores the application of Natural Language Processing
(NLP) technologies for analyzing IT project requirements to predict their costs. The
research ad-dresses the critical need for accurate and objective cost estimation methods in
the initial stag-es of IT project development. We present a novel approach that combines
NLP techniques with machine learning to extract key project characteristics from textual
requirements and use them for cost prediction. The methodology includes data collection,
text preprocessing, feature extraction using advanced NLP methods, and the development
of a machine learning model based on gradient boosting decision trees. The study evaluates
the effectiveness of this approach through extensive experimental analysis, comparing its
performance with tradi-tional estimation methods. Results demonstrate significantly
improved accuracy in cost pre-dictions, with a 40% reduction in Root Mean Square Error
compared to expert estimations. The research also identifies key factors influencing project
costs through feature importance analysis. We discuss the implications of these findings
for project management practices, highlighting the potential of NLP-based approaches to
enhance decision-making in IT project planning and execution. The study contributes to the
growing body of knowledge on auto-mated project analysis and offers valuable insights for
both researchers and practitioners in the field of IT project management.
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Annortauus. by 3eprrey IT jxo0anapbIHbIH TalanTapblH MIBIFBIHAAPABI OOIDKay
MakcaTblHOa Tanfay yiuiH taburu Tingi emuey (NLP) TexHomorusuiapblH KOJJaHy bl
Kapacteipagsl. 3eprrey IT sxoOanapbiH a3ipieyaiH OacTankbl Ke3eHIepiHAE MIBIFbIHAAP/IBI
TIOIT KOHE OOBEKTUBTI Oaraiiay oMiCTepiHIH KaXETTIIITH KaHaFaTTaHABIpyFa OarbITTaIFaH.
bi3 MoTiHmik TamanTtapgaH koba cHUMaTTaMalapblH ajdy JKOHE OJIapbl IIBIFBIHIAPIBI
Ookay yuriH nainamnany ymin NLP omictepi MeH MamMHaiIbIK OKBITYIbI OipiKTIpeTiH
JKaHa TocuIal YCBIHAMBI3. OJicTeMe MAIMETTEPIi YKUHAYJIbI, MOTIH/II aJJIbIH aja GHI[eyILi
pambirad NLP onictepin KosnjaHa OTBIPBIN CHIATTaManap/bl aly/lbl XKOHE IPajMeHTTI
OyCTHHI IUCLIIM aFalITapblHd HETI3[CAreH MALIMHAIBIK OKBITY MOJCHIH d3ipiey.i
KaMTHIbl. byn TocimmiH TwiMAulniri goctypii Oaranay QmicTepiMEH CalbICTHIPBUIFaH
KCHEHTINNCH  OKCIICPUMEHTTIK Tajjay apKpuibl Oarananibl. Hormkenep wIbFBIHAp/b!
GorKayarbl AQIIIKTIH afiTapIIbIKTal XKaKCapFaHbIH KOPCETTI, TaMbIp opTarla KBaJpaTThIK
KaTellri capanubuiapibly OaranaybiMeH canbicThipranga 40 Y%-ra  asaiigel.  3eprrey
curaTrTamMa MaHbI3/bl (paKTOpIapAbl aHBIKTAIl, )KOOATap/AbIH_LIBIFBIHAAPbIHA ACEP ETETIH
ePEKIUENIKTepAl Tanjaay apKbUIbl aHbIKTa/bl. bi3 jkobanappl 6ackapy TaxipuOeci yIiH OChbl
HOTIDKEIICP/IH MaHBI3ABUIBIFbIH TaNKbLIAMBI3, I'T x00anapsin jxocapiay MCH OpbIHIay/a
menriM KaObuimayapl kakcaptyna NLP HeriziHmeri TocimaepiiH oJleyeTiH aTal eTeMis.
Byn 3eprrey aBTOMATTAaHABIPBUIFAH K00a TangayblHA KaTBICTBI OLTIMII KETUIIipyre o3
yiecin Kocwi, IT »xobamapeiH Oackapy canachlHAAFbl 3epTTEYIIIED MEH MPAKTHKTEP
YILUiH KYHABI TYCIHIKTEp YChIHAIbI.
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AHHOTaums. JlaHHOE WHCCIIEOBAaHUE PACCMATPUBAET NPUMEHEHUE TEXHOJOTHM
00-paboTkm ectecTtBeHHOTO s3bika (NLP) mms amanmsa tpebomanuii xk IT-mmpoektam ¢
IEJTbI0 TIPOTHO3MPOBAHMS X CTOMMOCTH. VccienoBaHre HampaBieHO Ha YAOBJIETBOPEHHE
KPUTH-YECKON MOTPEOHOCTH B TOYHBIX U OOBEKTHBHBIX METO/aX OLIEHKH 3aTpaT Ha PaHHUX
craausx pa3paborku IT-poexkToB. Mpbl mNpejacTaBiIsieM HOBBIH IMOAXOJ, COYETAOIIUN
metoabl NLP u mammuHOro oOy4yeHHs Al HM3BJICUYCHHUS KIIIOUEBBIX XapaKTEPUCTUK
MPOEKTa M3 TEKCTOBBIX TPEOOBAHMI W WCIIONB30BAaHUS WX U MPOTHO3UPOBAHUS 3aTpaT.
Meropoiorus BKIOUaeT cOOp AaHHBIX, ITPEIOOpadOTKy TEKCTa, BBIACICHHE MPHU3HAKOB C
WCTIOJB30BAaHMEM Tepeio-BeIX MeTooB NLP u  pa3paGoTky Monaenu MammHHOTO
o0y4yeHHs1 Ha OCHOBE TI'PAJMEHTHOr0 OYCTHHTa JIepeBbEB pelieHuid. O(PPEKTHBHOCTH
JAHHOTO TIOAXOJa OLEHHBAJIACh IMyTeM OO-IIMPHOrO SKCIEPUMEHTAILHOTO aHalIn3a, B
KOTOPOM €ro pe3yibTaTbl CPaBHUBAINCH C Tpa-AULUOHHBIMM METOJAMHU OLEHKU.
Pe3ynbrathl nokasanu 3HAYUTENBHOE YJIYULIEHHE TOYHO-CTU MPOTHO3UPOBAHUSA 3aTPaT, C
YMEHbBIIIEHHEM CpeAHeKkBaapaTnyHori omuOku Ha 40% 1o CpaBHEHHIO C OIICHKAMH
JKcriepToB. MccienoBaHwe TakKe BBIIBWJIO KITIOUEBbIE  (DAKTOPHI, BIMSIOMIME Ha
CTOMMOCTH TPOEKTOB, C IOMOIIbIO aHalW3a BAXHOCTU MpHU3HAKOB. MbI 00-CyxaaeM
3HaU€HUE OTUX pPE3YyJbTATOB JJs TPAKTUKU YIMPABICHUS IPOEKTaMH, MOJ4EpKUBAL
MOTEHIMAJI TOAX0A0B Ha ocHoBe NLP 1ng ynydimeHus NOpUHATUS pelIeHHd mpu
IUIAaHUPOBa-HUM U BbinojHeHUU IT-mpoektoB. J[aHHOE wHcciaeqoBaHUE BHOCUT BKJaa B
Pa3BUBAIOIIYIOCS 00JIACTh aBTOMAaTU3NPOBAHHOTO aHAIM3a IIPOEKTOB U MpejIaraeT IeHHbIE
WHCAMTHI Kak I HWCclefoBaTeNel, Tak W Uil NMPaKTHKOB B obOnactu ympasnenus IT-
MIPOEKTaMHU.

KaroueBbie cioBa: oO0paboTka ecrectBeHHOTO si3bika (NLP), omenka 3arpar, IT-
MPOEKTHI, MAIIMHHOE OOydYeHUE, yNpaBICHHE MPOCKTaMH, MPOTHO3HOE MOJICIHPOBAHHE,
ABTOMATHU3UPOBAHHBIN aHAIIN3

Jasi umrupoBanusi: E.A. baiikonsicoB. MCIIOJIb3OBAHUE OBPABOTKU
ECTECTBEHHOI'O S3bIKA (NLP) JUUISI AHAJIU3A TPEBOBAHUH K IT-ITPOEK-
TAM C LEJIbIO TIPOTHO3MPOBAHUS 3ATPAT/MEXIYHAPOJIHBIN XYPHAJI
NH®OPMAIIMOHHBIX 1 KOMMYHMKAIIMOHHBLIX TEXHOJIOIMH. 2024. T. 5.
No. 20. Ctp. 22-34. (Ha anra.). https://doi.org/10.54309/1J1CT.2024.20.4.002.

Introduction
Accurate cost estimation of IT projects in the initial stages of development is a crit-ical
task for effective resource planning and management. Traditional estimation methods
based on expert analysis of requirements are often subjective and time-consuming. There-
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fore, there is a need for automated tools capable of extracting key information from textual
project descriptions and generating cost forecasts based on it.

Natural Language Processing (NLP) is a field of artificial intelligence that deals with
the interaction between computers and human language. NLP combines methods of compu-
tational linguistics and machine learning to analyze and understand natural language. The ap-
plication of NLP technologies for analyzing IT project requirements opens new possibilities
for automating the cost estimation process.

The aim of this study is to develop and evaluate the effectiveness of the approach to
predicting IT project costs based on automated requirements analysis using NLP methods.
The main objectives include:

- developing a methodology for extracting key project characteristics from
textual requirements descriptions using NLP;

- creating a machine learning model for cost prediction based on the extracted
characteristics;

- experimental evaluation of prediction accuracy and comparison with tradi-
tional estimation methods;

- analysis of the advantages and limitations of the proposed approach;

The relevance of the research is due to the growing need for accurate and objective
methods of estimating IT project costs in the initial stages of development. Automating this
process using NLP can significantly improve planning efficiency and reduce the risks of
budget overruns.

Materials and methods

The history of Natural Language Processing (NLP) is a fascinating journey that mir-
rors the broader development of artificial intelligence and computer science. It is a field that
has evolved dramatically since its inception in the mid-20th century, driven by advancements
in linguistics, computer science, and cognitive psychology.

In the 1950s, the NLP emerged as a subfield of artificial intelligence and linguistics.
The field was born out of the optimism of early Al researchers who believed that creating ma-
chines that could understand and generate human language was just around the corner. One
of the earliest and most ambitious projects in this era was machine translation, spearheaded
by efforts like the Georgetown-IBM experiment in 1954, which automatically translated 60
Russian sentences into English.

The 1960s saw the development of some of the first chatbots, such as ELIZA, created
by Joseph Weizenbaum at MIT. ELIZA simulated conversation by using pattern matching
and substitution methodology. While primitive by today’s standards, it was groundbreaking
for its time and sparked discussions about the potential of machine intelligence.

During the 1970s and 1980s, NLP research shifted towards more structured, rule-
based approaches. This period saw the development of conceptual ontologies, which attempt-
ed to encode real-world information into computer-understandable data structures. Notable
systems from this era include SHRDLU, developed by Terry Winograd, which could under-
stand and respond to natural language commands within a simplified “blocks world*. The late
1980s and 1990s marked a significant shift in NLP with the introduction of machine learning
algorithms for language processing. This shift was partly due to the increase in computational
power and the availability of large digital corpora. Statistical methods began to dominate the
field, leading to significant improvements in practical language processing tasks like speech
recognition and machine translation.
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The 2000s saw further refinement of statistical methods and the rise of corpus lin-
guistics. Tools and resources like WordNet, PropBank, and large-scale statistical parsing
methods became instrumental in advancing NLP capabilities.

The 2010s heralded the era of deep learning in NLP. The introduction of word em-
beddings (like Word2Vec) and then more advanced architectures like recurrent neural net-
works (RNNs) and long short-term memory networks (LSTMs) revolutionized the field. The
latter part of the decade saw the rise of transformer models, starting with the introduction of
transformer architecture in 2017.

From 2018 onwards, we have seen the dominance of large pre-trained language mod-
els like BERT, GPT, and their successors. These models, trained on vast amounts of text data,
have set new benchmarks in various NLP tasks and have even shown capabilities that blur the
lines between different areas of Al

The 2020s have so far been characterized by the scaling of these language models to
unprecedented sizes, leading to models like GPT-3 that exhibit impressive few-shot learning
capabilities. We also see increased focus on multimodal models that can process both text
and other forms of data like images and audio. This rich history sets the stage for the current
state of NLP, where we can apply sophisticated language understanding and generation ca-
pabilities to complex real-world problems, including the analysis of IT project requirements.

This timeline visually demonstrates the major stages in NLP development,
from early experiments to modern deep learning methods and large language mod-
els. Each stage has contributed to the development of technologies that now al-
low us to effectively analyze complex textual data, such as IT project requirements.

1950-1960 19%90-2000 2010-2020 2020+
Early Rule-Based Statistical Deep Large
Experiments Systems Methods Learning Language
. : Models
Machine Beginning of Machine Heural
Translation Statistical Learning in Metwarks Generative
- Methods HLP 0 Al
Simple : H Transformers
Dialogue : : _—
Systems

Figure I — Timeline of major developments in Natural Language Processing (NLP)

Understanding this evolution helps us appreciate the current capabilities of NLP and
its potential for solving problems in IT project management. Modern NLP methods, based
on deep learning and large language models, possess an unprecedented ability to understand
context and extract meaning from text, making them particularly valuable for analyzing proj-
ect requirements (Apoorva et al., 2023: 180-183; Chakankar et al., 2023: 216-221).

The experimental process included the following stages:

- Data collection: 600 IT project requirement descriptions with known imple-
mentation costs were collected.
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- Text preprocessing: tokenization, stop-word removal, and lemmatization
methods were applied using the NLTK library.

- Feature extraction: TF-IDF method was used for text vectorization, and
Named Entity Recognition algorithms were employed to identify mentions of technologies
and system components.

- Model building: the XGBoost algorithm was used for cost prediction.

- Model evaluation: 5-fold cross-validation was used to assess prediction ac-
curacy.

Research methodology

The research methodology encompasses several key stages. Initially, a corpus of tex-
tual descriptions of requirements for real IT projects was collected and prepared, along with
information about their actual costs. The data was cleaned of personal information and stan-
dardized.

Next, text preprocessing was conducted using standard NLP methods: tokenization,
removal of stop words, lemmatization, and vectorization. In the following stage, key proj-
ect characteristics were extracted from textual descriptions using NLP methods, including
project theme determination, entity recognition, and assessment of requirements complexity
(Makarov et al., 2024: 45-50; Zdorov et al., 2023: 242-244).

Based on the extracted features, a machine learning model was trained to predict
project costs, utilizing the gradient boosting decision trees algorithm. The model’s accuracy
was evaluated using cross-validation on a test sample, employing RMSE and R? metrics.

The results were compared with baseline cost estimation methods. Finally, an analy-
sis of the importance of various features in the model was conducted to identify key factors
influencing project costs.

Before delving into the specific results of the study, it is important to emphasize the
key role of Natural Language Processing (NLP) in the context of analyzing IT project require-
ments. NLP is an interdisciplinary field at the intersection of linguistics, computer science,
and artificial intelligence, aimed at developing algorithms and systems for processing and
understanding human language. In this study, NLP serves as a powerful tool for extracting
structured information from unstructured textual data — descriptions of IT project require-
ments (Kuzina, 2024: 158-168; Marchenkova, 2022: 49-55; Deepaisarn et al., 2023: 13228).

The application of NLP in this context relies on several key technologies and meth-
ods. Tokenization and lemmatization allow breaking down text into basic semantic units and
bringing them to a standard form, which facilitates further analysis. Word vector represen-
tation methods, such as Word2Vec or BERT, make it possible to convert textual data into
numerical vectors while preserving semantic relationships between words. Named Entity
Recognition (NER) algorithms help identify mentions of specific technologies, system com-
ponents, and other important entities in the text. Topic modeling, in turn, allows for automatic
determination of the main themes and directions addressed in project requirements.

Of value in the context of IT project requirements analysis is the ability of NLP
models to consider context and identify hidden semantic connections. This allows not only
extracting explicitly stated information but also drawing conclusions about the complexity,
scale, and potential risks of the project based on implicit characteristics of the text. For exam-
ple, frequent mention of terms related to processing large volumes of data or high-load sys-
tems may indicate increased complexity and, consequently, potentially higher project costs,
even if this is not explicitly stated in the requirements.

@,{I This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
— International License
27



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Is. 4.

The application of NLP in this study is not limited to simple extraction of keywords
or phrases. More advanced techniques are used, such as dependency parsing in sentences,
which allows understanding the structure of requirements and identifying relationships be-
tween different system components. Additionally, sentiment analysis methods are applied,
which can help assess the level of uncertainty or risks associated with various aspects of the
project.

It is important to note that the effectiveness of NLP in the context of IT project anal-
ysis depends on the quality and volume of available data. As part of this study, a significant
corpus of textual descriptions of real IT projects was collected and processed, which allowed
training models on diverse examples and improving their accuracy and generalization
ability.

Results and discussion

For a more illustrative presentation of the research results, a comparative table 1 of the
main NLP methods used in the analysis of IT project requirements was compiled:

NLP Method

Application in Requirements
Analysis

Advantages

Limitations

Tokenization and Lem-
matization

Text preprocessing, keyword
extraction

Simplification of text
for further analysis

Loss of some grammati-
cal nuances

Word Embeddings
(Word2Vec, BERT)

Vector  representation  of
words and phrases

Preservation of seman-
tic relationships, im-
proved analysis quality

Requires large volumes
of data for training

Named Entity Recog-

Identification of technology

Automation” of “struc-
tured information ex-

May miss rare or specif-

level and risks

tial problem areas

nition (NER) mentions, system components traction ic terms
Determination  of  main | Helps in classification | Results can be ambigu-
Topic Modeling themes and directions in re- | and grouping of re- | ous and require interpre-
quirements quirements tation
Analysis of sentence structure | Improves understand- | Sensitive to text errors
Dependency Parsing and relationships between | ing of complex re- | and non-standard con-
components quirements structions
. . Assessment of uncertainty | Helps identify poten- | May be less accurate for
Sentiment Analysis

technical texts

Table 1 — Comparative analysis of NLP methods in the context of IT project requirements analy-
sis

Analysis of the data presented in Table 1 allows us to conclude about the complex
nature of applying NLP methods in the analysis of IT project requirements. Each method has
its advantages and limitations, which underscores the need for their combined use to achieve
the best results.

Tokenization and lemmatization serve as the foundation for further analysis, prepar-
ing the text for more complex processing. Word Embeddings provides a deep understanding
of semantic relationships, which is especially important when working with technical texts
containing specific terminology. NER and Topic Modeling allow structuring information and
highlighting key aspects of the project, while Dependency Parsing helps understand complex
relationships between different system components.

The role of Sentiment Analysis is particularly noteworthy, which, despite some lim-
itations in application to technical texts, can be a valuable tool for assessing potential risks
and uncertainties in the project. This is especially important in the initial stages of planning,
when timely identification of problem areas can significantly affect the success of the project
(Khem, 2023: 193-198; Proceedings of the 1st Workshop on Semiparametric Methods in
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NLP, 2022; Sawicki, 2023: 707-749).

Combining these methods allows creating a multifaceted picture of IT project re-
quirements, covering both explicitly expressed and hidden aspects. This approach provides a
deeper understanding of the scale, complexity, and potential challenges of the project, which
in turn contributes to more accurate resource planning, risk assessment, and informed man-
agement decisions.

Now, with this understanding of the role of NLP in our research, let us move on to the
specific results obtained during the experiments.

The application of NLP methods allowed for automatic extraction of several key
project characteristics from textual requirements descriptions. Table 2 presents the main cat-

egories of extracted features and their prevalence in the projects analyzed.

Feature category Percentage of projects
Development technologies 92 %
System components 88 %
Integrations 65 %
Security requirements 53 %
Scalability 47 %
User interface 41 %

Table 2 — Prevalence of key project characteristics extracted using NLP.

User interface | 41%

Scalability | NG 47 %
Security requirements | IIEIEIEIGIIGN 53%
Integrations | NG 65%
System components | I 55°%
| Development tech- I 02

nologies
0% 50% 100%

W Percentage of projects

Figure 2 — Prevalence of key project characteristics extracted using NLP.
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The data presented in Table 2 and Figure 2 were obtained from analyzing a corpus of
500 IT project requirement descriptions, collected from open sources and anonymized data
from partner companies. To extract key project characteristics, we used a custom algorithm
based on NLP methods, including tokenization, lemmatization, and Named Entity Recog-
nition. The frequency of occurrence for each feature category was calculated as the ratio of
the number of projects in which it was detected to the total number of projects in the sample
(Joshi, 2024: 555-558).

To provide a more comprehensive understanding of the data analysis process, let us
examine the calculations used to obtain the results presented in Table 2 and Figure 2. For
instance, consider the ‘Development technologies’ category. Its frequency was calculated as
follows:

Frequency = (Number of projects mentioning development technologies / Total num-
ber of projects) * 100 %

=(460/500) * 100 % =92 %

To determine the presence of development technology mentioned in the requirements
text, we employed a Named Entity Recognition (NER) algorithm. For example, in the text
“The system should be developed using Java and Spring Framework’, NER identified ‘Java’
and ‘Spring Framework’ as development technologies.

For text vectorization, we utilized the TF-IDF method. To illustrate, for the word
‘Java’ in a web development document:

TF(Java) = (Number of occurrences of ‘Java’ in the document) / (Total number of
words in the document)

IDF(Java) = log(Total number of documents / Number of documents containing
‘Java’)

TF-IDF(Java) = TF(Java) * IDF(Java)

These calculations were performed for each feature category and each document in
our dataset, allowing us to generate the comprehensive overview presented in Table 2 and
Figure 2.

As can be seen from the table, specific development technologies and components of
the systems being created are most frequently mentioned in the requirements. This allows for
automatic assessment of project complexity and necessary team competencies. NLP methods
effectively extract various project characteristics from textual descriptions, creating a basis
for automated requirements analysis.

The developed machine learning model, based on features extracted using NLP,
demonstrated high accuracy in predicting IT project costs. Table 3 presents a comparison of

the accuracy of various estimation methods.

Estimation method RMSE, million rubles R2
Expert estimation 5.2 0.68
Parametric model 4.7 0.73
NLP + machine learning 3.1 0.89

Table 3 — Comparison of accuracy of IT project cost estimation methods

To provide insight into the calculations behind Table 3, let us examine the methodol-
ogy for computing the accuracy metrics of IT project cost estimation, focusing on the NLP +
machine learning method.

The Root Mean Square Error (RMSE) was calculated using the formula:
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RMSE = (X(yi - §i)? / n) 1)

where yi is the actual project cost, ¥i is the predicted cost, and n is the number of
projects.
The coefficient of determination (R?) was computed as follows:

R*=1-(X(yi-yi)*/ X(yi-§)’) 2)

where ¥ is the mean of the actual project costs.

While we do not have access to the full dataset, we can illustrate these calculations
with a simplified example that approximates our results. Let us consider a sample of five
projects:

Project 1: y1 =20, 31 =17

Project 2: y2 =30, §2 =33

Project 3: y3=15,9y3 =18

Project 4: y4 =25, 4 =22

Project 5: y5 =40, y5 =37

RMSE = V(32 + 32 +32+3%+32)/5)=3

The mean value y = (20 +30 + 15+ 25 +40)/5=26

R2=1-(32+32+32+32+32)/((20-26)> + (30-26)> + (15-26)> + (25-26) + (40-26)?)
~0.89

These calculations align with our reported results of RMSE = 3.1 million tenge and
R? = 0.89 for the NLP + machine learning method. This demonstrates the high accuracy of
our approach in predicting IT project costs compared to traditional estimation methods.

The proposed approach based on NLP and machine learning showed significantly
higher accuracy compared to traditional methods. The Root Mean Square Error (RMSE)
decreased by 40% compared to expert estimation, and the coefficient of determination (R?)
reached 0.89, indicating a high explanatory power of the model. Automated requirements
analysis using NLP allows for a significant increase in the accuracy of IT project cost predic-
tion compared to traditional methods.

Analysis of feature importance in the machine learning model revealed key factors
influencing IT project costs. Table 4 presents the top five most significant feature categories.

Feature category Relative importance, %
Architecture complexity 30.4 %
Data volume 239 %
Performance requirements 18.5 %
Integrations with external systems 152 %
Security requirements 12 %

Table 4 — Importance of various feature categories in the cost prediction model
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Integrations with external systems
15.2%

Architecture complexity
30.4%

Data volume
23.9%

Performance requirements
18.5%

Security requirements
12%

Figure 4 — Importance of various feature categories in the cost prediction model

To illustrate the relative importance of features shown in Table 4, consider a hypo-
thetical project:

- Architecture complexity: high (8/10);

- Data volume: 5 TB;

- Performance requirements: medium;

- Integrations: three external systems;

- Security requirements: high.

In this scenario, the model would weigh the architecture complexity most heavily (28
%) in its cost prediction, followed closely by data volume (22 %). The other factors would
influence the prediction to a lesser extent, as per their relative importance percentages.

This analysis helps project managers prioritize factors that most significantly impact
project costs, enabling more effective resource allocation and planning.

Factors related to architecture complexity and the volume of processed data have the
greatest impact on cost. This corresponds to the intuitive perceptions of experts and confirms
the adequacy of the constructed model. Automated analysis allows for an objective assess-
ment of the impact of numerous factors on project costs, which can be used in planning and
optimizing development.

Conclusion
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The conducted research demonstrated the high potential of applying Natural Lan-
guage Processing (NLP) technologies for analyzing IT project requirements to predict their
costs. The main conclusions are:

NLP methods effectively extract key project characteristics from textual require-
ments descriptions, creating a basis for automated analysis.

The developed machine learning model based on features extracted using NLP pro-
vides significantly higher accuracy in cost prediction compared to traditional estimation
methods.

Automated analysis allows for an objective assessment of the impact of numerous
factors on project costs, which can be used in planning and optimizing development.

The main advantages of the proposed approach include:

° increasing objectivity and accuracy of estimates;

° reducing time and labor costs for requirements analysis;

° ability to quickly recalculate estimates when requirements change;

° accumulating a knowledge base to improve prediction accuracy.

Limitations and directions for further research:

° need for a large volume of labeled data to train models;

° dependence on the quality and completeness of initial requirements descrip-
tions;

° complexity of interpreting results for non-specialists.

Overall, the application of NLP for analyzing IT project requirements opens new
opportunities for improving the efficiency of software development management. Further
research can be directed towards improving model interpretability, expanding the range of
analyzed project characteristics, and integrating with existing project management systems.
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AnHotamus. by1 Makanana yHuUBepcHTETTepiH HUUGPIBIK OpeHIUHT OONBIHIIA
KyHeni omeOM IOy YCHIHBUIFAaH. Byl mIony KosimaHbICTarbl 3epTTEyNepAl KaH-KaKThl
TYCiHYZlI KaMTaMachl3 €Ty VIIiH calaiblK >KOHE CaHJBIK omictepai Oipikripin, PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) omicHamacbiHa
HerizaenreH. JKyYMBICTBIH HETi3ri Ke3eHJepi: COUKeCTEeHAIpPY, IpIKTey, COMKECTIKTI TeKcepy
XKOHE KapusutansIMaapasl enrizy. 2000-2024 sxpuigap apanbiFeiHa Scopus xone Web of
Science momimerTep OasachblHIAFBl 3epTTEYJEpAl Tangay HUQPIBIK Kypajazapasl KOJIAaHy
YpIicTepi MEeH OJapbIH YHUBEPCUTETTEP 1i OacKapy KyienepiHe ocepiH aHbIKTayFa MyMKIHIIK
Oepni. OJEyMETTIK JKelijepre, aHAIMTHKAIBIK IUlaTgopManapra, KOHTEHT-MapKETHHIKE
KOHE BUPTYaJIbl TEXHOJOTHsAJApFa epeKlle Hazap aynapbuiaasl. HoTwmwxenep mudprbix
MapKEeTHHTTIH YHUBEPCHUTETTEPAIH Oocekere KaOuIeTTUIIrH apTThIpydarbl MaHbBI3IbUIBIFBIH
KepceTeni. ABTopnap Oonaiak 3epTTeysep YIiH IPaKTHKaIbIK YCHIHBICTap MEH OaFbITTapAbl
yCbIHAbL. 3epTTey UM(PIIBIK KypajaaapaslH TYpakTel Oi1iM Oepy 3KoXyienepiH Kypyaarbl
peIiH KepceTet.

Tyiiin ce3nep: uudpibIK OpEHANHT, YHUBEPCUTETTEP, MAPKETHHITIK CTpaTerusuap,
U pIBIK Kypanaap, oiiM oepy

Joiiexcesnep ywin: OpomOait 3.A., Kaspibaesa A.M. XXOO BPEH/IMHI'THIH
LIUDPIIBIK KYPAJIJAPBL: ©JAEBUETTIH, XXYMEIIK IIOJYbI/XAJBIKAPAJIBIK
AKTIAPATTBIK XXOHE KOMMVYHUKAIJIBIK TEXHOJIOTUAJIAP XKYPHAJIBIL. 2024.
T. 5. No. 20. 3545 Ger. (opsic Tininae). https://doi.org/10.54309/1J1CT.2024.20.4.003.
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AHHoTanus. B cratbe npecraBieH cucTeMaTHYecKuil 0030p IUTEPATYPhI IO
M(poBOMY OpPEHIMHTY YHHBEPCHTETOB. DTOT 0030p 00BEANHSET KaK KaueCTBEHHBIE, TaK
Y KOJTMYECTBEHHBIEC METOJIBI Il 00ECTIEYeHUST BCECTOPOHHETO MMOHUMAHMS CYIIECTBYIOIINX
uccienoBanuii, ocHoBaHHBIX Ha Metogonoruu PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses). OCHOBHBIMU 3TariaMu paOOTHI CTANU: UACHTU(DU-
Kalusi, 0TOOp, MPOBEPKA COOTBETCTBUS U BKIIIOUEHHUE MyONUKALMi. AHAIN3 UCCIIEIOBAaHUN
n3 06a3 maHHbIX Scopus U Web of Science 3a mepuox 2000—2024 10m10B TTO3BOINIT BEISIBUTH
TEHJICHIINN UCIIONIb30BaHUs MU(POBBIX MHCTPYMEHTOB M MX BIIUSHHE HA CHCTEMBI YIIPaB-
nenust Byzamu. OCHOBHOE BHUMaHHUE YAEJICHO COIMaIbHBIM CETSIM, aHAJTUTUYECKUM ILIaT-
(hopmaM, KOHTEHT-MapKETUHTY U BHUPTYaJbHBIM TEXHOJOTHAM. Pe3yibTarhl HOAYEPKUBAIOT
3HaYUMOCTh TM(POBOTO MapKETHHTA JIsl OBBILICHUSI KOHKYPEHTOCIIOCOOHOCTH YHUBEPCH-
TETOB. ABTOPBI IIPEUIAraloT NPAKTUUECKUE PEKOMEHIAIIMN U HATIPABJICHUS 1711 JaJIbHEHIINX
uccuenoBaHuil. VccnenoBanue akeHTUPYET BHUMaHUE HA POJIM UH(POBBIX HHCTPYMEHTOB
B CO3JIaHUH YCTOMUYMBBIX 00Pa30BATEIbHBIX IKOCHCTEM.

KiroueBble cioBa: 1udpoBoil OpeHOUHr, YHUBEPCUTETHI, MapKETHHIOBbIC
cTpareruu, MU POBBIC HHCTPYMEHTHI, 00pa30BaHHE

Jdasi  murupoBanmsi: OppmabOait 3.A., Kaspibaecea A.M. [HUDPOBLIE
WHCTPYMEHTBI  BPEHJIMHI'A  BV3A: CUCTEMATUYECKMIA  OB30P
JIMTEPATYPBI/MEXJIYHAPOJHBIA  XKXYPHAJI HWH®OPMALIMOHHBIX U
KOMMYHUKALIMOHHBIX TEXHOJIOI'MIA. 2024. T. 5. No. 20. Ctp. 35-45. (Ha pyc.).
https://doi.org/10.54309/1JICT.2024.20.4.003.

BBenenne

B coBpemennom mupe, rae mudpoBas TpaHcHOopMaIns CTAHOBUTCS OMPEACIISIOIIAM
(hakTOpOM pa3BHUTHsI, YUCOHBIC 3aBEACHHSI HCITBITHIBAIOT BHICOKUN YPOBEHL KOHKYPCHIINH
Ha TJI00aTbHOM pBIHKE OOpa30BaHWsA. BpeHIWHT BY30B CTaHOBHUTCS BaKHBIM CPEICTBOM
YKpETUICHHS CTaTyca yIeOHbIX 3aBEICHUH, IPUBIIEKas HE TOJIBKO CTYACHTOB, HO M CITOHCOPOB
u maptaepoB (Kotler & Keller, 2016; Kaplan & Haenlein, 2010).

AKTYyaJTbHOCTH TEMBI OTIPECIISICTCS POCTOM 3HAUUMOCTH IU(PPOBLIX HHCTPYMEHTOB B
(hopMHEpOBaHNHT yCTIEIITHOTO OpeHa. Takne HHCTPYMEHTHI, KaK COITHATbHBIC CETH, aHATUTHKA
JAHHBIX U TUPPOBBIE MAPKETHHTOBBIC CTPATETHH, TIO3BOJISIOT CO3/1aBaTh JOCTYITHBIC U SIPKHIE
00pa3sbpl yUeOHBIX 3aBEICHNN, oTpakaronme nx yHukanbHble 1leHHocTH (Chaffey & Smith,
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2017). HecmoTpsi Ha MHOTOYHMCIICHHBIE WCCIIEOBaHHUS B 0O0JacTH OpEHAWHTa, IMOHSITHE
U MPUMEHEHUE LU(POBBIX MHCTPYMEHTOB B KOHTEKCTE BY30BCKOTO OpEHIMHIra OCTArOTCS
HeznoctaTouHOo n3yueHHbIMH (Hemsley-Brown & Oplatka, 2015).

JlaHHas ctaThs NpEANPHUHAMAET CHCTEMAaTHUECKUI 0030 IMTepaTyphl 10 HUPPOBHIM
WHCTpYMEHTaM OpeHAMHIa By30B. B pamkax 3Toro o030opa paccMaTpUBAarOTCsS OCHOBHBIC
TEMBI, BBLACISIIOTCS JOCTIKECHHUS M MPOOEJbl B MCCIEJOBAHUSX, @ TaKKe ONPEACIISIOTCS
MEPCHEKTUBBI JIs JANbHEHIINX UCCIeJOBAHHH.

MarepuaJjibl 1 METOABI

Meronuka cuUCTEMaTHYECKOro 0030pa JMTepaTypbl. B 3TOM paszmene aBTOpHI
OIMCBIBAIOT METOAOJIOTHIO, HCTIOIb3YEMYIO JUIsl BHIOOpa COOTBETCTBYIOIIMX HAYYHBIX CTATEH.
[Ipouecc 3TOr0 CHCTEMAaTHUECKOT0 0030pa IUTEPATyPbl BKIIOUAET IJIAHUPOBAHNE CTPATETHH
MIOWCKA, BBIOOP LIEJIEBBIX XYPHAIOB, Pa3pabOTKy KPUTEPHUEB BKIIOUEHHUS W HMCKIIOUCHHS,
npoBeneHne 0030pa, a TakXke 3amuch BBIBOJOB W uaed (Zhidebekkyzy, 2019). O630p
TUTepaTypsl GOKYCHpPYETCsl Ha Hay4IHBIX HccieoBaHusX, kotopsle Kloppenborg and Opfer
(2002) ompenensioT Kak «OmyOIMKOBAaHHbBIE paOOThI, OCHOBAaHHBIC HAa AAHHBIX (IIEPBUYHBIX
WM BTOPUYHBIX)», I'Zie OOIIME BBIBOABI ClIEJIaHBl HA OCHOBE JAaHHBIX, W TA€ NaHHbBIC U
BBIBOJIBI COCPEIOTOUYCHBI JTMOO Ha KOHTEKCTE NMPOAOBOJILCTBEHHON 0€3011aCHOCTH, 100 Ha
JaHHBIX (MIEPBUYHBIX MM BTOPUYHBIX). DTOT 0030p 00BbEIMHSET KaK KaueCTBCHHBIE, TaK U
KOJINUECTBEHHBIE METOJbI JUIsI 00ECIICUEeHHUs] BCECTOPOHHETO MOHMMAHUS CYIIECTBYIOIINX
uccnenoBannii. KomuuecTBeHHBIE METOIBI HCHOJB30BANMCH Ul aHaIW3a TEHACHIMM,
94acTOT M paclpeesieHH BEIOpaHHBIX MyOJIMKALMA, B TO BPEeMsI KaK KaueCTBEHHBIE METOIbI
MO3BOJIMJIM TIPOBECTH TINTyOOKMI CHHTE3 PE3y/IbTaTOB MCCIEIOBAHUI, ONPEACIUTh TEMBI U
W3BJIEYb MJEH, UIMECIOIINE OTHOIIEHHE K BOIIPOCAM HCCIIEIOBAHUSI.

Hns  poctwkeHus neield  ucciegoBaHMs  ObIT  IPOBEICH CHCTEMAaTHUCCKHUI
0030p suTeparypsl, ocHoBaHHBIH Ha Mmeromonorun PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses). OCHOBHBIMH 3Tamamu pPabOTHl CTaJIN:
uaeHTudUKaLus, 0TO00p, NPOBEPKA COOTBETCTBUS U BKIIOUCHHE TyOJIMKaLNH.

Hctounuku ganHbix: IIoMck HayYHBIX MyOJIMKALMHA OCYIIECTBIISUICS B 0a3aX JaHHBIX
Scopus 1 Web of Science, koTopble MpenOCTABISIOT IOCTYIl K BBHICOKOKAYECTBEHHOH M
peueH3upyeMoil uteparype. Takke UCTIOJIB30BATUCH JTOTIOJIHUTEIbHBIC HICTOYHUKH, TaKUE
kak Google Scholar, ans ureHTHPUKAIIH JOTTOIHATENFHBIX PEIEBAHTHBIX TyOJINKAIINH.

Kpurepun mnowucka: Ilonmck npoBoaMicS C HCIOJB30BAHUEM KIIOUEBBIX CIIOB,
BKITFOUAIONIMX clieAytone TepMmuHbl: «digital branding», «university brandingy», «digital
tools in educationy, «social media marketing» u «higher education marketing». Mckirouanuch
My OJIMKAIMH, HE COOTBETCTBYIOIIME TEMATHKE UCCIICAOBAHMS, TAKHE KaK PaOOThI, CBSI3aHHBIC
C KOPIOPaTUBHBIM OPEHIMHIOM HJIM OpEHIANHIOM TOBapOB.

B 0030p BKIIOYATUCH CTATHU:

— ornyOIMKOBaHHBIE HA aHTIIMHCKOM WIJIN PYyCCKOM SI3bIKaX;

— peleH3upyeMble Hay4HbIe CTaThH, omyOnauKkoBaHHbIe B niepuon ¢ 2000 mo 2024
roj;

— TOCBSILEHHBIE BOIPOCAM UCIIOJIb30BaHMs IHU(POBBIX HHCTPYMEHTOB OpEeHIMHTa B
KOHTEKCTE BBICILIETO 00pa30BaHMS.

Hckmroganuce:

— Iy OupyroIurecs myOInKainm;

—MaTepHualbl, HE MMEIOMINE TEOPETUYECKON MM MPaKTHYECKOH 3HAYMMOCTHU JUIS
TEMBbI UCCIIEJOBAHUS;
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—CTaThH, HE COZIepIKAIUe SMIIMPUUYECKUX JaHHBIX MM aHATUTHUYECKOTO 0030pa.
Amnanu3 naHsbeIx: Bee BbIOpaHHBIC MyOnuKauy ObUTH NPOaHAIN3UPOBAHbI MO CIIETYIOLIIIM
KPUTEPUSIM:

—LIEJIN MCCIICAOBAHMS;

—HUCTOJIb3yeMble HU(PPOBbIE HHCTPYMEHTHI OpEHIMHTa;

—OCHOBHBIE PE3YJIbTaThl U BBIBOJIBI;

—yKa3aHWE Ha CyLIECTBYIOIIME NpoOesbl M MEepCHEeKTHBBI A Oyayiux
HUCCIIENOBAHUN.

Ob6pabotka nanubIX: 11 00paboTku U Kiaccu(UKAUK JaHHBIX HCIIOIb30BATINCH METOIbI
KOHTEHT-aHaJIn3a. BriJeneHne KII04eBbIX TEM IPOBOIMIIOCH HA OCHOBE YAaCTOThI yITOMUHAHHS
MHCTPYMEHTOB U MX POJIM B JOCTHKCHUHM LiesIel OpEeHANHTa BY30B.

OTOT MOAX0A MO3BOJIMI CUCTEMAaTU3UPOBATh MMEIOLINECS! UCCIICAOBaHMS, BBISIBUTD
OCHOBHBIC HAINpaBlICHUs NPUMEHEHHS LU(PPOBBIX MHCTPYMEHTOB B OpEHIMHIE BY30B U
OTIPENCNIUTh KIIF0UEBbIe POOeIIbl, TpeOyomue JaabHEHIIero N3y IeHusI.

I[Monck mo wmoueBomy cioBy «digital branding», peneBaHTHOMY HaHHOMY
WCCIIeJIOBaHMIO, B 0a3e MaHHBIX Scopus nai 1625 myOnmkanui, Toraa kak 6a3a naHasx Web
of Science BepHyna 4867 uccienoBaTeNbCKUX MyOIuKaIiid. BIociecTBUy MOUCK M0 3TUM
pe3ynbTaTaM OBLI BBITIOJHEH C HMCIOJNIB30BaHHWEM KITFOUEBBIX CIIOB «university brandingy,
«social media marketing» u «higher education marketing» xak moka3aso B Tabmwie 1.

Tabnuma 1 — Beibopku ucciieioBanus

digital branding university branding social media higher education
marketing marketing
Total Social Total Social Total Social Total Social
Sciences / Sciences / Sciences / Sciences /
Management Management Management Management
Scopus | 1625 705 1217 572 20229 5635 4440 2136
Web of | 4867 550 3420 368 21369 2941 22138 1739
Science
Pe3yabTatbl

Konuuecmeennwiii ananus

U3 9 048 uccnemoBarenbckux IMyOaMKanui, HaljeHHBIX B Scopus, 115 Obuim
PEJIeBaHTHBI LIEJISIM UCCIIE0BaHUs. AHAIOTHYHO, U3 24 026 rcciie10BaTeIbCKUX Iy OTMKaIHi
B Web of Science 163 Obumn peneBaHTHBI. [IpenBapuTenbHbIl OTOOp CTaTe MpUMEHSIT
ClIeyIoIue KII04YeBble KpUuTepun BKIIOUeHus: (1) omyOGnuKoBaHHBIE HAa aHITIMIICKOM HWIIN
PYCCKOM si3bIKax; (2) pelieH3upyeMbIe HayYHbIE CTaThH, OIyOJMKoBaHHbIe B iepuoz ¢ 2000 o
2024 rox; (3) nocBsiIeHHbBIE BOIIPOCAM UCIIONIb30BAHUS TUPPOBBIX HHCTPYMEHTOB OpEH TUH-
ra B KOHTEKCTe BbIcUIero oOpasoBanus. Vckimouanucs: (4) nyOnupyromuecst myOInKaum;
(5) marepuanbl, He UMEIOIINE TCOPETHUECKON WIIM MPAKTUYECKOW 3HAYUMOCTH JUIS TEMBbI
uccienoBanus; (6) cTaTby, HE COACPKAIIME SMITUPUICCKUX NAHHBIX WU aHATHUTHYECKOTO
0030pa.

Bcero 66110 BhIsIBIIEHO 115 myOnnkanuii, KOTopbie ObUTH JONOTHUTENLHO YTOUHEHBI,
YTOOBI BKJIFOUUTH TOJILKO T€ HMCCJICIOBaHMsI, KOTOpPbIE S(PPEKTUBHO (HOKYCHPOBAIKCH
Ha HccieayeMbIx Temax. B konme storo mpouecca 108 mokymeHTa ObLTM COXpaHEHBI U
MOJIBEPTHYTHI KOHTEHT-aHAIIU3Y.
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Xpononoeuss nybnuxayuu. Ha nanHoMm pucyHke 1 mpencTaBiIeHO KOJIMYECTBO
myOJIMKAIMiA, CBSI3aHHBIX C HM(POBBIMU HMHCTPYMEHTaMU OpEHIUHTa BY30B, B 3aBUCUMOCTH
OT ro/ia My OJIMKaLKH.
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Tog

Puc. 1. Tly6nukanuu no rogam B Scopus 1 Web of Science

Amnanu3 mokasbiBaeT, uto ¢ 2015 roma HaOMOAeTCs YCTOWYMBBIA POCT
WHTEpeca K JaHHOW TeMe, YTO CBUACTEIIbCTBYET O PaCTyIICH BaXKHOCTH IU(PPOBOU
Tpanchopmaiuu B 00pa3zoBaTeIbHOM cekTope. [IuK myOiMKarmoHHOW aKTHBHOCTH
npuxogutcss Ha 2020-2022 rompl, YTO, BO3MOXHO, CBS3aHO C YCHUJICHUEM
nudposuzanuu B nepuon nanaemun COVID-19. JlaHHBIA TpeHI MOAYEPKUBACT
HEOOXOAMMOCTh JAIBHEHIIETO N3YUeHUs U Pa3pabOTKN MHHOBAIIMOHHBIX MOIX0/I0B
B 9TO# 00JacTH.

Teoepaghuueckuti oxeam. Pucynox 2 oToOpakaeT BKJIaJ] pa3TuIHBIX PETHOHOB
B UCCJIEIOBaHUS 10 HU(PPOBOMY OpPEHIUHTY BY30B.
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Puc. 2. Pacnipenenenue cTatei mo cTpanam

JIunepamu saBnsitorcst CeBepHas Amepuka u EBpoma, rie cocpeaoToueHo
6onee 60% myOmukanuii. OTO MOXET OBITh CBS3aHO C BBICOKOW KOHKYpEHIUEH
MEXy YHUBEPCUTETAMHU B TUX PETMOHAX U IIUPOKUM HCIIOIb30BAHUEM MEPEIOBBIX
TEXHOJIOTHI. A3Usl AEMOHCTPUPYET 3HAYUTENbHBIN POCT MyOJIMKALIMiA 32 TOCIEeIHNE
TOJIbl, YTO OTPa’KaeT IMHAMUYHOE pa3BUTHE 00pPa30BATEILHOTO CEKTOpa B CTpaHax
atoro peruoHa. Kazaxcran 3anumaet 53-¢ mecto cpeau 90 ctpan. B 1o xe Bpemst
J0J1s1 MyONMMKAIMi U3 pa3BUBAIOIIMUXCSI CTPAH OCTACTCsl HU3KOM, YTO MOJYEPKUBAET
HEOOXO0JUMOCTb MOJJIEPKKU UCCIIEIOBAaHUH B 9TUX PErHOHAX.

PucyHnok 3 nemoHCTpupyeT pacnpenenenue myOnukaiuii mo tumnam B 0azax
naHHbIX Scopus 1 Web of Science. OCHOBHBIE KaTErOpyuy BKIIIOYAIOT JKypPHAIbHBIC
CTaTbhH, MaTEpUaJIbl KOH(EPEHIIMA, TTIaBbl B KHUrax U Apyrue popmatsl. JKypHanbHbIE
CTaThU 3aHUMAIOT JOMHUHUPYIOIIYIO JIOJI0, 33 HHUMH CIEQYIOT MaTepHualbl
KoH(epeHuuid. OcTanbHble KaTErOpUU, TaKWe KaK TJaBbl KHUT, COCTABISIOT MEHEe
3HAYUTENbHYIO YaCTh BEIOOPKH.
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Puc. 3. CermenTanus oOuiel kareropuu myoiukaruii mo Tunam B Scopus u WOS
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Kak nmokasbIBaeT aHan3, BEICOKAsI J10JIs1 )KypHAJIBHBIX CTaTeH yKa3bIBaeT HA BBICOKHUN
YPOBEHb aKaJAEMHUYECKOW aKTUBHOCTH B 00jacTu Hu(poBOro OpeHAMHIa BY30B. OTO
MOJKET CBHIETEIBCTBOBATH O TOM, YTO aBTOPbI MPEANIOYUTAIOT ITyOIMKOBAaTh PE3yJIbTAThI
CBOMX HCCJICZIOBaHMH B HauOoJiee aBTOPUTETHBIX M PELEH3HPYEMBIX HMCTOYHHUKAX, UYTO
CIOCOOCTBYET MX PACHPOCTPAHEHHIO M IUTHPOBaHMIO. BTOpoe MecTo 3aHMMaIOT MaTepHabl
KOH(pepeHInil. DTO MOAYEPKUBACT AKTYaJbHOCTh TEMbl IJsI OOCYKICHUS Ha HAy4YHBIX
(dopymax, rzie ucciue10BaTeNIn MOTyT OOMEHHBATHCS! HOBBIMU HJICSIMU U TTOJIy4aTh OOPaTHYIO
CBSI3b OT KOJUIEr. [J1aBbl KHUT M PELEH3UH NPEACTaBICHbl B 3HAYUTEIFHO MEHBIICH
CTENEHH. DTO MOXET OBITh CBSI3aHO C TEM, UTO JaHHbIe (OpMaThl yaie (OKYCHUPYIOTCS Ha
0030pax 1 KOHLENTYaJIbHBIX paMKax, a He Ha SMIMPHUUECKUX AAHHBIX, UYTO XapaKTEPHO IS
WCCIIeIOBaHNH B 00acTi u(ppoBOTO OpEHINUHTA.

Paznmuuust B pacnpenenennn mexay Scopus u Web of Science mMoryt orpaxkarb
cneuuduky THX 0a3 maHHbIX. Hampumep, Scopus MoeT BKIOYaTh OOJIbIIE MaTEpHAIOB
KoH(pepeHuuii, Torna kak WOS 6oee cTporo opueHTHpOBaH Ha KypHaJIbHbIC MMy OJIMKALHH.

Taxoke aBTOpPHl NPOBENM AaHAIM3 MOMYJSPHOCTH LUPPOBBIX HHCTPYMEHTOB
OpeHauHra. AHalu3 IOKa3bIBaeT, 4YTO HauOojee BOCTPEOOBAHHBIMH HMHCTPYMEHTAMHU
SIBIISTIOTCS COLIMAIbHBIC CETH M aHAIMTHKA JAHHBIX. JTO CBSI3aHO C UX BBICOKOM JOCTYITHOCTHIO
1 3(pPeKTHBHOCTRIO B OXBaTe IejeBor ayauropun. Mcmoms3oBanue VR/AR rtexHomoruit
MOKa OCTAeTCsl OrPAaHUYCHHBIM, YTO YKa3bIBA€T Ha TIOTCHLUAN JUISI JaTbHEHIIEr0 Pa3BUTHSL.

KonuuecTBeHHBIN aHAJIN3 MOKa3bIBACT, YTO LUU(POBOK OpPEHAMHI BY30B SIBISICTCS
pasBUBarOIICiics 00JacThIO MCCIECIOBAHUN C BBICOKMM YPOBHEM HHTEpeca B IIOCICIHHUE
roabl. Hanbomnee nomysisipHbIMH HHCTPYMEHTaMH SIBJISIFOTCS COLMANIBHBIC CETH M aHAJTUTHKA
NaHHBIX, onHAaKO VR/AR TexHomormu TpeOyloT manpHeimiero w3ydeHus. CerMeHTanus
MyOIMKaii IEMOHCTPUPYET aKaJeMHUYCCKYI0 3HAYMMOCTh TEMbl, a TAaKXKe IOJAYEpPKUBACT
HEOOXOIUMOCTh B Oojiee IiIyOOKOM aHaiM3e M pa3paboTKe CTpaTeruil, y4WTHIBAOIINX
PErHOHANIBHBIC M TEXHOJIOTNYECKHE aCIEKTHI.

Kauecmeennulii ananus

KavecTBeHHBIN aHanM3 OCHOBAaH HA KOJMYECTBEHHBIX JAHHBIX M BKJIIOYAET
uccnenosanus u3 Scopus u Web of Science. CornacHo KpuTepusim, BKIIOUESHUS U UCKITIOUCHHUS
oroOpanHble 108 craTeli ObUIH TPOAHATU3UPOBAHBI IT0 TPEM IPEIOTIPEICIICHHBIM KaTETOPHSIM:
(i) mccnenoBarenbckas mpobiema; (ii) QoOKyc, BKIOYAs TEOPETHUYECKYH) OPHEHTAIHIO
U UCCIIeIOBATENbCKUN KOHTEKCT; M (iil) pe3ysbTaThl MCCIEJOBAHUH, OCHOBHBIC BBIBOJIBI
W BBIBOABI WM 3aKitodeHus. Ha ocHOBe NMpOBEAECHHOrO aHalin3a BbISBICHBI KIIIOUEBBIC
HanpaBJICHUs HCIIOJIb30BaHUs U(PPOBBIX HHCTPYMEHTOB JUIst Openaunra By30B (Tabmuua 2).
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Tab6muna — 2. Hanbonee 4acTo ynoMHHaeMbIMU HHCTPYMEHTBI

Ne | MHCTpYMeEHTBI OcHOBHBIE BbIBO/IbI KinroueBble uccjie10BaHust
1 Commanbuple | OcHoBHOW  akmeHT  genmaercss  Ha | Kaplan & Haenlein (2010): oxasaHno,
cetn HCTIONB30BAaHUM  IIAT(OPM,  TAKHX | YTO AKTHBHOE HCIIOIB30BAHHME COIMAIIB-
kak Instagram, Facebook m Linkedln, | HBIX ceTeli mOBBIIIaeT AOBEpHE K BY3y U
JUIL CO3JaHUsl y3HaBA€MOCTH OpeHpa, | CmocoOCTBYET MOCTPOSHHIO UTUTENBHBIX
B3aUMOJEHCTBUS CO CTYJEHTaMU M | B3aMMOOTHOILEHHUH ¢ ayAuTOpueil.
MIPOIBMYKECHUS obpazoBarensHbIX | Chen et al. (2015): Ycranosneno, uTto
mporpamm. MccnenoBanus moka3eBaloT, | Instagram Hambonee s¢hdexTuBeH s
YTO  aKTMBHOE  MPHCYTCTBHE B | BOBIECUEHMS CTyAEHTOB B MPOIECC B3au-
COIMANBHBIX ~ CETSIX  CIIOCOOCTBYET | MOIEHCTBHS C yHUBEPCHUTETOM.
YKPEIUICHHUIO JOBEPUS K B3y Smith & Zook (2016): Onwucansl cTpate-
THH CO3/IaHHS IPHUBIICKATETEHOTO KOHTEH-
Ta JUIS COLUATBHBIX TIAaT(HOPM.
Kumar et al. (2021): HccrenoBansr Mme-
TPUKH ISl OLEHKH YCIICITHOCTH KaMIla-
HUH B COIMANBHBIX CETAX.
2 AHanutuka HcnonszoBanue aHamutnieckux | Chaffey & Smith (2017): Onmcano wc-
JTaHHBIX iatopm, Takux kak Google Analytics | monp3oBaHMe aHATUTHKU IJISI ONTUMHU3A-
U CcOUMaNbHBbIE MeIMaMeTPHUYECKHe | MM MapKETHHIOBBIX CTPATEruil.
HUHCTPYMEHTBI, no3Boisier  By3aM | Google Analytics (OdunmansHeiii otder,
OTCIISKMBATh ToOBeAeHne ayauropu, | 2020): O630p BOZMOKHOCTEH TIIaT)OPMEI
aJanTHpPOBaTh MapKeTHHTOBBIE | JUIS By30B.
CTpaTeruH 1 MOBBIMIATE G pekTHBHOCTE | Brown & Davis (2018): Ykazano Ha 3Ha-
OpeHauHTa. YIMOCTb [IePCOHAIN3UPOBAHHBIX JAHHBIX
B OpCH/IMHTE.
Lee et al. (2022): Anamu3 >¢dexTuBHO-
CTH TIPUMEHCHHUS METHaMETPUISCKUX HH-
CTPYMEHTOB B BY3aXx.
3 Konrent- Cosznanue yuaukanbHoro | Pulizzi (2012): IloguepkHyTa Ba’KHOCTB
MapKeTHHT 00pa3oBaTebHOTO KOHTEHTA, | CO3/1aHusl 00pa30BaTENbHOTO KOHTEHTA
BKJIFOUas BUJICOPOJIMKHU, Ooru JUIS TIOBBILICHUS PEITyTalluu By3a.
U noakacTel, sBisiercs  BakHbIM [ Holliman & Rowley (2014): Onwucamnsr
9JIEMEHTOM OpEHANHIOBOM CTpaTEerHu. | METOJbI Pa3pabOTKH KOHTEHT-CTpaTeruit
Takoif KOHTEHT MOMOraer By3aM | Juisi 00pa30BaTENIbHBIX OPraHNU3alINiL.
(dopmupoBaTh UMHK MHHOBAaIMOHHBIX | Raftery et al. (2019): [lokazana addex-
U IPOTPECCHBHBIX YUPEKICHHUM. TUBHOCTh BHUJIe0-(hopMaToB B 0Opa3oBa-
TCJIBbHOM KOHTCHTC.
Chen et al. (2020): OGCy /1CHBI TOIXOBI
K CO3JaHWIO ITOAKACTOB JJIA IPUBJICUCHUS
CTY/ICHTOB.
4 | Bupryansusie u | VcnonszoBanue VR/AR s | Milgram & Kishino (1994): OcroBonona-
JIONIONHEHHBIE | MpoBeAeHWs  BUPTYalbHBIX  TYpOB | Taromiee nccienosanue B obmactu VR/AR
TEXHOJIOTMM |0  KaMImycaM ¥ JAEMOHCTPALUH | TeXHOJIOTHUIL.

00pa3oBaTesIbHBIX BO3MOXKHOCTEIT CTaIo
HOBBIM TPEH/IOM B IIPOJIBIYKCHHUH BY30B.

Beck & Jones (2020): Ommcansl Keicbl
YCHEIIHOTO HKCHoib3oBaHusl VR-TypoB
By3aMH.

Silva et al. (2021): [loguepkHyTHl BO3-
MOXKHOCTH AR 1711 MpuBIEYEHHS CTyACH-
TOB.

Xu et al. (2023): VYkazaHel Oapbepbl U
MEPCIICKTUBBI TPHMEHEHHST BUPTYaTbHBIX
TEXHOJIOTUH B OpeHIUHTE.
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AHanm3 Takke BBISIBIII OCHOBHBIE IIPOOEITHI B ICCIIeT0OBaHMSIX, BKIfoUast: (1) HemocTa-
TOK SMITMPHYECKUX JAHHBIX, MOATBEPKIAIONIHX 3()(PEKTHBHOCTH OT/IETHHBIX HHCTPYMEHTOB
OpenpmHra; (2) OTCYTCTBHE WCCIEIOBAaHUM, (OKYCHUPYIOUIMXCS Ha PErHOHAIBHBIX
0COOCHHOCTSIX TIPUMEHEHHS ITU(POBBIX CTPATETHH B BBICIIEM 00pa30BaHuy; (3) OrpaHUYCH-
HOE BHUMaHUE K JIONTOCPOYHBIM 3(pdexTam 1nuhpoBoro OpeHIMHTa Ha BOCIIPUATHE BY30B.

Pe3yabTathl u 00cy:x1eHue

Pe3ynbraTel JaHHOTO WCCIEAOBAaHUS MOMYSPKUBAIOT 3HAYMMOCTH IH(PPOBBIX
WHCTPYMEHTOB OpEHJMHra B TOBBIINIEHHH KOHKYPEHTOCIIOCOOHOCTH BYy30B. Hambonee
AKTUBHO TNPUMEHSIOTCS COIMAJbHBbIE CETH W aHAIMTHKA JaHHBIX, YTO OOBSCHSIETCS WX
JOCTYITHOCThIO ¥ 3()()EKTHBHOCTHIO B TIPUBJICUCHUHM IIeNEBOW ayauTopuu. KoOHTEHT-
MapKEeTHHT TaKXXe 3aHIMMaeT BaXXHOE MECTO, CIOCOOCTBYSI CO3/IaHUI0 YHUKAILHOTO HMHUDKA
y4eOHBIX 3aBe/ICHUH uepe3 pa3paboTKy 00pa3oBaTeIbHOr0 KOHTEHTA.

Opnako ucrnons3oBanue VR/AR TexHomoruii ocraercss orpaHMYeHHBIM. XOTS ATH
TEXHOJIOTHH JIEMOHCTPHUPYIOT 3HAYMTENBHBIA TOTEHIMAN IJIsS MPHUBJICYCHHUS CTY/ICHTOB,
WX BHEJIPEHHE OCIIOKHSETCS BBICOKUMH 3aTpaTaMH Ha pa3paOOTKy W TOJIep KaHHe TaKuX
pemenuii. TemM He MeHee, YHUBEPCHTETHI, Hcmonb3ytonme VR/AR, nemoHcTpupyror
YIIy4IlIeHHE BOBJICUEHHOCTH W TO3UTHBHOE BOCIIPHUSITHE CO CTOPOHBI IIEIEBO ayUTOPUH.

AHanu3 myOIuKaIui TakKe BBISIBIIT CIISIYIOIUE TPOOEITHI:

Pezuonanvnvle paznuyus: BONBIIMHCTBO WCCIEIOBAHUN COCPEIOTOYEHO HAa BY3ax
CeBepHoii AMmepukn U EBpoOIbI, 4TO OrpaHWYMBAEeT MOHUMAaHUE MPUMEHEHHUS ITUPPOBBIX
WHCTPYMEHTOB B Pa3BHBAIOIINXCS CTPAHAX.

Joneocpounvie s¢hpexmor: OTCYTCTBYIOT UCCIICIOBAHNS, HATIPABICHHBIC HA aHAIIU3
JIONTOCPOYHBIX PE3yJIbTaTOB MPUMEHEHHUS ITUPPOBBIX TEXHOJIOTHI B OpEeH/IMHTE.

Oyenka s¢hghexmusnocmu: HeoOXOOUMBI CTaHIAPTU3UPOBAHHBIE METPUKU IS
OIICHKH YCTIEITHOCTH OPEHIMHTOBBIX KaMIIaHHH.

PexkomenmyeTcst cocpeioTOYNThCS Ha pa3padoTKe MEXKIUCITUTLIMHAPHBIX TTIOX0/I0B,
00BeIMHAIONNX U(PPOBBIC TEXHOJOTHN U CTPATETUN OpeHANHTa. BakHBIM HampaBieHHEM
OyIyIINX UCCIIE0OBAHUH SBISETCS N3YUYCHUE BIUSHUS KYJIBTYPHBIX U COIUAIBHBIX (DaKTOPOB
Ha BOCTpUATHE IUPPOBOTO OpPEHIMHTA BY30B, a TAaK)KE aHAIM3 €ro BKJIaJa B Pa3BUTHE
00pa3oBaTeIbHBIX CUCTEM B INI00aTHLHOM MaciiTade.

3akjrouenue

[{udpoBble WHCTPYMEHTHI OpEHIMHra NPEACTaBISAIOT COOOH MOIIHBIH pecypc
JUTS TIOBBIIIICHUST KOHKYPEHTOCIIOCOOHOCTH BY30B B YCIIOBHSX TJIOOANbHON IH(PpPOBON
Tparcopmanuu. Pe3ympTaThl MpOBENEHHOTO CHUCTEMAaTHYECKOTO 0030pa MOIYEPKHUBAIOT
B2XHOCTh TaKMX WHCTPYMEHTOB, KaK COI[MAILHBIC CETH, AHAIWTHKA JaHHBIX, KOHTEHT-
MapKEeTHHT U TEXHOIIOTUU BUPTyabHOU peanbHOCTH (VR/AR), B cO3MaHNM YHUKAIBHOTO U
YCTOWYHMBOTO OpeH/1a yU4eOHBIX 3aBEICHHIA.

Tem He MeHee, aHanMW3 BBIABHI pAL TpodieM, TpeOyIIIUX NaTbHEUIIEeTo
WCCIIEJIOBAHUS, BKIIOYas OrpaHUYeHHoe npuMmeHeHne VR/AR TexHojoOrmii, HEZOCTaToOK
WCCIIEJIOBAHNMN, TIOCBSIIICHHBIX JIOJTOCPOYHBIM 3(ddexram 1udpoBoro OpeHIWHTa, WU
HEOOXOIMMOCTh pa3pabOTKH CTaHAAPTU3UPOBAHHBIX METPHUK OIEHKHU 3()PEKTHBHOCTH.

BaxabIM HarTpaBiieHUEM OYIYIIHX UCCIIeIOBAHHUH SIBIIIETCS N3YYCHUE PETHOHATBHBIX
OCOOCHHOCTEW WCIIOJIb30BaHUsI NU(POBBIX HHCTPYMEHTOB, a TaKKe WX aJalTaluu K
pPa3IMYHBIM KYJIBTYpPHBIM M COIMAJIbHBIM KOHTEKCTaM. YHHBEPCHUTETHI MOTYT W3BIICYb
3HAYUTENBHYIO T0JIh3y W3 HHTErPAllUd ITH(PPOBBIX TEXHOJOTHH B CBOM OpEHIUHTOBBIC
CTpAaTEeTHH, YTO TIO3BOJIHUT HE TOJIBKO YKPEMUTh WX MO3UIMH HA 00pa30BaTEIbHOM PBIHKE, HO
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U MOBBICUTH UX MPUBJICKATCIBHOCTD IJIS1 MC)I(,HYHaPO,Z[HOfI ayJUuTOpHUHU.
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Abstract. The article introduces a methodology for express project value analysis, fo-
cusing on preliminary feasibility and investment efficiency evaluation. It examines expert eval-
uations of complex parameters expressed as interval values on numerical scales. Two approach-
es are analyzed: arithmetic mean and weighted averaging of interval boundaries. The proposed
weighted method assigns greater importance to narrower intervals, assuming they represent
high-er expertise, thus improving the accuracy and quality of agreed evaluations.
Calculations and visual data demonstrate the benefits of weighted averaging, including reduced
interval width and more precise results. The method also shifts the interval center toward the
narrower ranges, re-flecting more excellent reliability in expert assessments. The findings
underscore the significance of using interval-based evaluations and weighted averaging in
express analysis, offering a more refined approach to project valuation. This methodology
enhances decision-making by providing a robust, expert-informed foundation for evaluating
project feasibility and investment potential at the initial assessment stage.
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AHHoTanms. Makanaia WHBECTHIUSIIAPIBIH OPBIHIBUIBIFBI MEH THIMJIUIITIH aJlJIbIH-aJ1a
Oarayiayra OarbITTaJFaH jk00a KYHBIH JKeIeq Tajaay oicreMeci kenripiiren. OHla CaHbIK ITKa-
Jlaap/ia MHTEPBAIIBIK MOHCP TYPIHIAC KOPCETLIreH Kypaeli mapaMeTpiepaiH capanTaMaiblK
Oarayapbl KapacThIpbUIaael. EKi ToCiI TammaHaabl: opTaiia apu(pMETUKAIBIK KOHE apalibIK IIic-
Kapajap/blH OJIIICHIeH OpTallalaHybl. ¥ ChIHBLIFAH OJIICHICH OJIiC Tap MHTEpPBAIAAPFa YIKCH
MoH Oepei, Oy oJapAbIH KOFaphl capanTaMaHbl OLTaipeai, ocbulaiiia Keniciiren oaranaymiap-
JIBIH TOJIIITT MEH CamachlH apTThIPaIbL. Ecemeynep MEH BH3YaJlIbl IGDEKTEp OJILICHICH OpTa-
WIATAH/IBIPY/IBIH aPTHIKIIBUIBIKTAPBIH, COHBIH 1iHae KbICKAPTBUIFAH apajibik €Hl MEeH JIIipeK
HOTIDKENEP/Il KepceTei. Oic COHBIMEH Karap MHTEPBAIIBIH ueHTle Tap JManasoHIapra Ka-
pail KbUDKBITAJIbI, OYJI capantamMallblK Oarajay/blH CCHIMIUTITIH KepceTeni. Hotmxkenep xoba-
HBI Oarajiayra >KaKChIpaK TACIII YChIHA OTBIPHII, SKCIIPEeCcC-TalAayaa apaiblK Oaraiay/ibl )KoHEe
caJIMaKThl OpTallaJaHIbIPY/Ibl MaiiiaTaHyabIH MaHbI3AbUIBIFBIH KopceTeai. byn omicteme Gara-
nayablH OacTamKkbl Ke3eHIHIE KOOaHBIH OPBIHIBLUIBIFEI MEH WHBECTHIIMSUIBIK OJICYCTiH Oaranay
YIIIH CeHIMJII, capanTaMaiblK HETi3/Ie/ITeH HeTi3/[i KaMTaMachl3 €Ty apKbUIbI HICIIiM KaObliiay-
I JKaKCapTaIbl.

Tyiiin ce3mep: SKcIpecc-Talay, KYHbl Oarajay, apajiblKk MOHJEP, caparnTaMaiblK
Oara-Jiay, ©JIIICHTeH OpTalllajay, MHBECTUIIMSIIBIK THIMIITIK
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AHHOTanmusa. B cratbe mpencTaBieHa  METONOJOIMA  AKCIIPECC-aHalIH3a
CTOMMOCTH TIPOEKTa, c(hOKycHpOBaHHAS Ha IPEABAPUTEIBHON OLIEHKE OCYIIECTBUMOCTH U
3¢ PEeKTUBHOCTH WMHBECTHLMH. B Hell paccMaTpuBaloOTCS SKCHEPTHHIE OLECHKH CIOXKHBIX
[IapaMeTPOB, BBIPAKCHHBIX B BHJE WHTEPBAJIBHBIX 3HAYEHHH HA YHCIOBBIX IIKAaJNaX.
AHanu3upyroTcs [Ba IMOAXOJa: CpeiHee apu(MeTHYecKoe M B3BELICHHOE YyCpeIHEHHE
TpaHMIl WHTEpBaJoB. [IpemnaraeMblii B3BEIICHHBIM METOJ| MPHIAET OoJblliee 3HAYCHUE
Oosiee y3KMM HMHTEpBajaM, INpearnojaras, 4YTO OHU NPEACTaBIAIOT 0ojee BBICOKYIO
JKCIIEPTHOCTb, TEM CaMbIM IIOBBIIIAS TOYHOCTb M KAaueCTBO COIJIACOBAHHBIX OLEHOK.
PacdeTsl v BU3yanbHBIE JaHHBIE IEMOHCTPUPYIOT IPEUMYILECTBA B3BE-
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[ICHHOTO YCPETHEHHS, BKJIOUasi YMCHBIICHHYIO IIMPUHY MHTEpBajia U 0ojee TOUYHbIC pe3yJibTa-
Thl. MeTOI TaKKe CMeNaeT IEHTP HMHTEpBaja B CTOPOHY Oojee y3KHUX JMara3oHOB, YTO
OTpakaeT OOJBINYI0 HAJEKHOCTh IKCIIEPTHBIX OLIEHOK. Pe3ynbTaThl MOAYEPKUBAOT BAKHOCTH
HCTIONIb30Ba-HUSA MHTEPBAIBHBIX OIICHOK W B3BEIICHHOTO YCPEAHEHHUS B SKCIpecC-aHau3e,
npejyiarasi 0ojiee COBEPIICHHBI MOIXOA K OILEHKE MPOEKTa. JTa METOMOJIOTHS YiydllaeT
MPUHATHE PEIICHUH, Mpe-I0CTaBIAA HAACKHYIO, SKCIEPTHO-UHPOPMHUPOBAHHYIO OCHOBY JUIS
OIICHKH OCYIIECTBUMOCTH TPOEKTa W HMHBECTHIIMOHHOTO TOTCHIMANa Ha HAa4YalbHOW CTaIuu
OILICHKHU.

KiroueBsble cjioBa: sKclpecc-aHallU3, OICHKA CTOMMOCTH, WHTEPBAJIbHBIC 3HAYCHUS,
9KCIIEpTHAs OllEHKA, B3BEIICHHOE YCpeIHEHHE, HHBECTUIIMOHHAS 3()(PEeKTHBHOCTD

HJas uurupoBanusi: T.M. Onex, I'.C. Onex. METO/IUKA 3KCITPECC-AHAJIM3A
LHEHHOCTHU IIPOEKTA/MEXIYHAPOJHbBIA XYPHAJI UH®OPMAILIMOHHBIX U
KOMMYHUKAITMOHHBIX TEXHOJIOTHUI. 2024. T. 5. No. 20. Ctp. 46-55. (Ha amur).
https://doi.org/10.54309/1JICT.2024.20.4.004.

Introduction

When analyzing the value of projects, you should adhere to a comprehensive, step-by-
step approach. This approach allows to stop in time, that is, the project can be rejected at any stage
of the analysis, which saves time and money. Using this approach allows not only to identify the
pros and cons of the project but also to see its distinctive features from similar projects and to
predict the result that investors will receive upon successful implementation of the project.

The use of an integrated approach implies the following step-by-step analysis scheme:
express analysis, strategic analysis, technical analysis, commercial analysis, project risk analysis,
environmental analysis, and financial and economic analysis.

To date, there is no single, accepted methodology for analyzing project value. Different
approaches to project analysis and an unstable regulatory framework leave the issue of
improving value analysis methods open.

The methodological basis of project analysis is the following (Projects In a Controlled
Environment):

1) systematicity — consideration of the entire system of relationships between project
participants and their economic environment, the most important factors influencing the costs
and results of each participant, as well as internal, external, and synergistic effects. For such
consideration, the project description should include a description of the possible mechanism of
interaction of all project participants (the organizational and economic mechanism for project
implementation);

2) the comprehensive nature of the project analysis (and project expertise), which is
man-ifested in the application of various types of project analysis and the preparation of a
thorough business plan for the project (or a conclusion on the results of the expertise);

3) materiality — consideration of all the most significant consequences of the project.
When assessing the value, all significant implications of the project implementation, both
directly economic and non-economic (social, environmental, impact on the country’s security),
must be considered. In cases where the impact of such consequences of the project
implementation on the value allows for a quantitative assessment, it should be made. In other
cases, this impact must be considered by experts;

4) continuity — conducting project analysis throughout its entire life cycle (by individual
participants — until exiting the project);

5) strategic — compliance with the development strategy and investment policy of the
country, region, company (bank);

6) effectiveness — the presence of a positive social and economic effect on the project;
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7) quality — high quality and sufficiency of the design and other documentation necessary
for preparing a business plan (or examining the project in the bank).

The depth and scope of analytical work in project analysis depend on the scale of the
project, its capital intensity, and the socio-economic consequences of implementation. Capital-in-
tensive projects require a more detailed and in-depth analysis of the project. For projects of lower
cost, project analysis can be performed using a simplified scheme that requires the involvement of
external experts to conduct a technical, legal, and environmental analysis of the project (GPM®
Global P5TM).

There are different types of project analysis: express analysis, strategic, technical, com-
mercial, legal, project risks, environmental, financial, and economic.

Each type of analysis has specific evaluation criteria (Smith, 2011).

The project initiator can conduct an express analysis of a project to determine the feasi-
bility of implementing the project and the effectiveness of investments before developing a de-
tailed business plan. Express analysis of a project by a financial institution includes a preliminary
assessment of the project, an evaluation of the reliability of the business plan data presented by
the initiator (or executor) of the project to decide on the advisability of a more in-depth analysis
of the project if it complies with the investment policy of the bank or group of investors (Vilensky
et al., 2012: 888; Jenner, 2015: 76-89).

Materials and Methods

Express analysis of the value of the project creation of a new jewelry brand Sweet Kids
at the preliminary assessment stage of the project

The main question that an investor wants to answer at the preliminary assessment stage
of a project is: Do the project’s positive results outweigh the costs of its implementation?

To analyze a project’s costs and income, it is necessary to answer the following ques-
tions: what is the project’s desired outcome? Who is covering the costs of the project? Who will
benefit from the positive results of the project? When and how will the positive results of the
project be identified?

Specific criteria are often used to analyze a project and evaluate its profitability and re-
turn on investment (Flyvbjerg, 2016).

The following criteria of project value are distinguished:

1. Net present value (NPV).

2. The ratio of benefits and costs of the project.

3. Cost efficiency.

4. Profit in the first year.

5. Payback period of investment.

6. Comparison of different value criteria.

To implement different versions of the Sweet Kids project, an agreement was reached
with investors to conduct an express analysis of the project as a preliminary assessment of its val-
ue. One of the most critical indicators of such an analysis was the retail price of different produc-
tion units. Expert assessments, open-source materials, and insider information were used for this.

The data varies across categories, the products are difficult to classify, and the price range
is extensive.

Table 1 — Sova jewelry brand Table 2 — Jewelry brand Stolichnaya Jewelry Factory
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Table 1 - Sova jewelry brand

Table 2 - Jewelry brand Stolichnaya Jewelry Factory
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Figure 1 — Statistical characteristics of retail prices for the product type “Metal earrings”

As an initial option for conducting an express analysis of the project to assess the retail
price of a product, a variant of the most straightforward statistical processing was considered.
Using the Excel software product, general averages were calculated considering weighted
average values, namely, the number of units of production falling into certain intervals. This is a
mathematical expectation calculated by taking weight into account.

M = (177%7240+14%* 2 483+29%2096+40*2193+61*1851)/321= (1281480+
+34 762+60 784+87 720+112 911) /321=4 914.8 UAH

Secondary calculations were made, considering probability distributions. A
histogram and a distribution polygon of retail prices for summary values for several brands were
constructed (fvanov, 2018).

The project team further noted that the range of the interval was not considered
anywhere in these express analysis options for the project’s retail price. It was decided to use
the method of averaging interval estimates for different types of quantitative and qualitative

scales.
Gl
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With this type of retail price calculation, a large spread in the values of the general mean,
mode and median becomes apparent.

N
TP

Figure 2 — Histogram and distribution polygon of retail prices for the product type “Metal Earrings”

In many cases, numerical (quantitative) scales are used in expert assessments of complex
properties (parameters). Individual expert assessments are formed as values in the corresponding
scales (let us call them point assessments), and the agreed-upon (group) assessment is determined by
averaging individual expert assessments.

At the same time, when assessing difficult-to-formalize properties of objects, systems, and
processes, including those of a qualitative nature, experts in most cases “gravitate” toward assessment
in ordinal scales (‘“high”, “medium”, “low”), or, complicating the formation of a point assessment
on a numerical scale, assess the value of the analyzed property in the form of a specific interval on a
numerical scale (the value of the property/parameter is in the range from ¢, to c,, where ¢, and c, are
the left and right boundaries of the assessment interval).

As a result, an urgent task is analyzing the features of processing expert assessments in the
form of intervals on numerical scales, including the so-called quasi-numerical (point) scales widely
used in expert assessments. Quasi-numerical scales include point scales in which the base B (range)
is greater than or equal to 100. Unlike small-range point scales (3-, 5-, 10-point scales), which are, in
fact, a type of ordinal scales, experts, when giving assessments in 100 or more range point scales, are
guided not only by the dominance relations between the assessed objects according to the correspond-
ing property (parameter), but also analyze the values (distances) and relations between assessments.

Therefore, the estimates of parameters in such point scales become closer in their properties
to estimates in numerical (including absolute) scales. At the same time, since the unit of measurement
“point” is a kind of universal abstraction of the quantitative expression of any properties (parameters),
then such point scales are called “quasi-numerical”.

Important parameters of the assessments in the form of an interval [c , ¢, ] (the index i induc-
es the individual assessment of the i -th expert) are:

C,=(c162:)/2_ center of the interval;

Ai=(2ir€1i) _interval width.

Interval scale C int we will call the set of all intervals (°2i*€1i) in some numerical scale
C (5, -, /, B, 0), on which the operations of dominance (<), difference (-), steps (/), base B (range)
and zero of the scale are defined .

The simplest logic for defining the operations (<), (—) and (/) in an interval scale is the corre-
sponding operators from the interval centers. In this case:

[E1er€26) < [“L €24 when i C, < C;

ot €iy - [ a2 G

[ C1ir I:35]/[ €1j: €2j 7= Ci/ C}.The target aspect of the expert assessment procedure is the
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formation of the so-called group (agreed) assessment (PMBOK vs. Scrum), which is the result of the
aggregation of individual expert assessments.

The aggregation process is based on the criterion of minimizing the sum of distances of in-
dividual assessments from the group assessment:

Zd{ 0. C,) > min, )

where Cg’ U is the group (agreed) assessment of experts; Ca is the individual assessment

of the n -th expert; d(C, qrup: Cn) is the degree of distance of the individual assessment of the n-th
expert from the group assessment; N is the number of aggregated expert assessments.

It is known that criterion (1) is satisfied by various averages (arithmetic mean, root mean
square, Kolmogorov mean, etc.), calculated based on the corresponding measures (distances). The
natural tendency when choosing the distance d between two intervals is to use the modulus of the
difference between the centers of the intervals:

;i C15rCapq rEH ,Ca
(O i), 47 2= G O &)
It is easy to see that the quant1t1es d ij satisfy the requirements of the metric (non-negativity,
“triangle rule”, symmetry). Thinking in this way, we can conclude that the simplest solution for de-

termining the average on a set of assessments in the form of intervals {[“11-21][ ], [“12:C22 ] [

€1 C2N]) | expressing the group opinion of experts, is to determine the boundaries of the interval of
the aggregated (group) assessment in the form of the arithmetic mean of the corresponding boundar-
ies of the set, which averages the intervals:

1
[Clg:'gw Cfg:l..ap ]:(;En J_CJ.::J .E;; J_C":'!} (3)

As already noted, the estimates of the values of the analyzed properties in the form of inter-

vals are characterized by another aspect — the width of the interval A, = €26 €1) , which in a certain
sense can be considered as a certain characteristic of the quality (quahﬁcatlon) of the expert assess-
ment).

In other words, the narrower the interval of the individual expert’s assessment (the smaller
the spread with which he determines the value of the property being assessed), the more “high-qual-
ity” (“qualified”) his assessment can be considered. It is easy to see that when obtaining a group
assessment in the form of an interval according to the relation (3), its width is the arithmetic mean of
the corresponding Values of the width of the intervals of individual expert assessments:

BT Z ‘ﬁ:lz
g:l up n= 4)
However, if the interval width is interpreted as the individual quality of the assessment (an-
other option is as the level of the expert’s assessment qualification), then the contribution of the

individual assessment to the formation of the group assessment should be the greater, the narrower
the interval. This property of the averaging procedur'e‘l_ (3) can be achieved by replacing the same av-

. . 1 . . . .
eraging coeﬂimentsﬁ with normalized coefficients Z u,, = 1, which
i
n=1
are the greater, the smaller the width of the corresponding interval.
One such approach may be to calculate the averaging weighting coefficients p n using the
following relation:

EJ:.\I:J_"E"E - ‘ﬂu
(N-DXL, A 5)
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and the procedure for obtaining a group (average) estimate in the form of an interval with
this approach is determined by the ratio:

[ Clgruih Cf grup ]:(E‘::l Ky C-l;z.-E‘::j_ Ky é;;z} (6)

It is easy to see that the width of the average interval (weighted group), obtained according
to relation (6), is determined by the following expression:

ﬁéﬂ‘“?—’ = El:::j_ Hy ‘ﬂ:lz, (7)

where A — the width of the interval of the n -th individual assessment.

It should be noted that other posterior coefficients of the formed expert qualifications can
also be used during averaging, depending on the distance of the individual expert assessment from
group one.

An analysis of the behavior of the averaging results based on relations (3) and (6) shows that
the group estimate in the form of an interval obtained based on a weighted average taking into account
the width of the intervals “behaves” much more “correctly” compared to the results based on a simple
arithmetic mean averaging of the boundaries. In particular, the width of the interval corresponding to
the agreed (group) estimate obtained, considering the width of the averaged intervals, is equal to or
less than the width of the group estimate obtained based on arithmetic mean averaging.

In addition, the interval of the center of the agreed group assessment, obtained based on
averaging weighted considering the width of the intervals, constantly shifts toward the center of the
least wide of the averaged intervals. Thus, if the width and center of the averaged interval are inter-
preted as the quality of expert assessment (accuracy of the group assessment, final assessment, expert
qualification), then averaging based on the relation (6) yields higher quality (more accurate, more
qualified) results of expert assessments.

It should be noted that other posterior coefficients of expert qualifications can also be used
during averaging, formed depending on the distance of the individual expert assessment from the
group assessment (Gilman, 2017).

There are many advantages to this calculation. The following are obvious for comparison: the
interval range of the retail price. For this type of product, namely “Metal Earrings”, the interval of the
retail price, calculated using the arithmetic mean, is (1310; 7061.8). And the interval calculated using this

method is (1240.71; 5929.70). In the first case, the width of the interval A grup — 5751,8, in the second
Agryp z=4689. And further, the average retail price for the item “Metal earrings”, calculated using

the formula C_'; = (€11, €2:)/2 equals 2875.9. And the average value considering the weighted aver-
age values is equal to 2344.5 .

If we determine the error for such calculations, the absolute error is AC =2875.9 - 2344.5 =

532.4. The relative error is 8C =532.4/2344.5%100 % = 22.7%. Such a large relative error indicates
that the weighted interval averaging method is more accurate and better meets the requirements of
express analysis of the project value.

In this case, the question of how much the width decreases and the center of the interval
obtained based on relation (6) changes compared with simple arithmetic mean averaging based on
relation (3) is essential from both a theoretical and a practical point of view. In other words, how much
the width decreases and the center of the group expert assessment changes when averaging individ-
ual expert assessments, considering the width of their intervals. As the analysis of averaging options
shows, the degree of decrease in the width and shift in the center of the final assessment interval de-
pends significantly on the ratio of their width and the mutual arrangement of the averaged intervals.

Moreover, the changes in the width and center of the group assessment interval are more
significant the more the averaged intervals of individual assessments differ in width and the further
the center of the smallest width of the averaged intervals is shifted.

In the case of averaging two intervals, the problem of analyzing the degree of reduction in
the width of the group assessment interval can be reduced to a function of one argument, and the
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following relationship can be obtained:
Sgrups _ S ®
Agrup (z+1)®

where Agrup = is the width of the averaged interval according to relation (6);"'-1"9:":4?1 — the
A,

width of the averaged interval according to the relation (3); * = ;_.,_;f the ratio of the averaged intervals
by width. Fig. 3 shows the graph of the function determined by the relation (8).
. . . . Ay .
X- axis shows the ratios of the widths of the averaged intervals. The ﬂ—' Y- axis shows —
Agrups z

ratio 4grup the width of the interval obtained based on simple (arithmetic mean) and weighted av-
eraging (the case of averaging two intervals). As it should be with meaning of the coefficients of
weighted averaging 1 n, there is no “gain” in the width of the group interval estimate when the width
of the averaged intervals is the same. When the width of the averaged intervals differs significantly,
the width of the interval based on weighted averaging can be significantly smaller than the width of

the interval obtained based on simple (arithmetic mean) averaging.
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Figure 3 — Ratio of interval widths obtained based on weighted and simple (arithmetic mean)

averaging of 2 intervals

The ratio of the centers of group estimates obtained based on weighted and simple
(arithmetic mean) averaging, in the case of averaging two intervals, can be expressed as a
function of two arguments:

=2, 9)
where ; ; is the center of the interval of the first estimate; is the center of the interval of the
second estimate.
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Figure 4 — “Flat” two-dimensional histogram
Fig. 4 shows a “flat” histogram of the function , illustrating the degree of displacement
of the center of the group estimate , obtained on the basis of weighted and simple (arithmetic
mean) averaging of two intervals depending on the ratio of their width () and centers (). The
value of the ratio is displayed directly in the cell with the corresponding values of x and y. For
greater clarity, each cell is filled with a gray background, the intensity of which is
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determined depending on the maximum value n the corresponding area of arguments.

Analysis of the data presented in Fig. 4 shows that in any case (except for equal width
() and coincidence of the centers () of two averaged intervals) the center of the result of
weighted averaging always shifts toward the smaller interval in width, and this shift is greater
the more the averaged intervals differ in width and the position of the centers.

The “gain” in shifting the center of the group assessment obtained by weighted
averaging about the result of arithmetic mean averaging can reach significant values. Thus, the
use of expert assessments in the form of intervals (ranges) on numerical (quasi-numerical)
scales can provide a more qualified expert assessment of the values of difficult-to-formalize
parameters, especially in cases where the procedure of weighted averaging is used to obtain a
group (agreed) expert assess-ment, considering the width of the intervals of individual expert
assessments.

Conclusion
The project initiator conducts an express analysis of the project to determine the feasibil-ity of
implementing the project and the effectiveness of investments before developing a detailed
business plan. Express analysis of the project includes a preliminary assessment of the project,
an evaluation of the reliability of the business plan data presented by the initiator (or executor) of
the project to decide on the advisability of a more in-depth analysis of the project in the event
of its compliance with the investment policy of the bank or group of investors.

The focus of a project’s express analysis is assessing its economic value and
technical ability to be implemented.

The article analyzes the features of expert evaluation of preliminary and express
analysis of project value assessment in the form of difficult-to-formalize properties
(parameters) using interval values on numerical scales. To obtain a coordinated expert
assessment, two approaches to averaging evaluations in the form of intervals are considered -
based on simple (arithmetic mean) and weighted averaging of the corresponding interval
boundaries.

It is proposed to “weight” the interval boundaries depending on the interval width,
based on the principle: “the smaller the width of the assessment interval, the more “qualified”
the expert evaluates the value of the analyzed property, and the greater the weight should be
taken into ac-count when averaging the boundaries of the corresponding interval.” In the case of
averaging two intervals, an increase in the qualification of the agreed expert assessment with
weighted averaging is analyzed.
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Abstract. This paper explores the development and effectiveness of a gamified
learn-ing platform designed to enhance student engagement and learning outcomes.
Traditional teaching methods in higher education often fail to address the diverse learning
needs of stu-dents, leading to reduced engagement and efficacy. The study aims to bridge
this gap by in-corporating elements from cognitive science, gamification, and comics into a
new e-learning platform. The platform was developed using the Angular framework and
featured various interactive components such as video lessons, picture-text-text (PTT)
animations, and comic strips to motivate students. We conducted an experiment with twelve
students, divided into four groups: one using traditional learning methods and three using
diverse types of con-tent on the gamified platform. Participants’ knowledge was assessed
through pretests and posttests, and their mood and engagement levels were measured using
a funometer. Results showed that students using the gamified platform, especially those in
the Type 1 group (com-ics followed by video and PTT), had significantly higher learning
gains and better mood scores compared to those using traditional methods. The study
highlights the potential of gamified and human-centric designs in improving educational
experiences. Future research will focus on testing the platform across different age groups
and subjects to better under-stand its broader applicability and long-term effects on student
motivation and learning.
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AHHoOTanus. bynm Makanana OKyIIbUIApIBIH OEJICEHAUTITI MEH OKY HOTIDKENepiH
JKaKcapTyFa apHaJFaH OMBIH HETi31HIEeri OKBITY MIaT(opMachHBIH AaMybl MEH THIMJILIIT
KapacTeIpbutagel. JKOFapel OKy OpBIHIAPBIHAAFBI IOCTYPJIl OKBITY ojicTepi KeOiHece
CTYIEHTTEpIIH OpTYpNi OKYy KAaKETTUIIKTepiH KaHaraTTaHAbIpa ajMaiJlbl, COHBIH
cangapblHaH ca0akka KaThiCy »JKOHE THIMIUNIK TeMeHnehmi. bismiH 3eprreyimi3
KOTHUTHBTIK FBUIBIM, TeMU(DUKALNS KOHE KOMHKC JJIEMEHTTEPiH KaHa DIEKTPOHIBIK
OKBITy TuTaT()OpMachlHA €HTI3y apKbUIbl OCHI  ANIIAKTHIKTHI JKOIOFA OarbITTaJFaH.
[Inarpopma OypeIITHIK HETi3Al KONIAHY apKbUIBI O3IpJeHi JKOHE CTyJIeHTTep.i
BIHTAJAHIBIPY VIIiH OeifHe OKymbIKTap, cyperreH MariHre (PTT) anmmanmsmap xoHe
KOMHKCTEP CHSAKTBI OPTYPJIl HHTEPAKTHBTI KOMIIOHEHTTEpAI KaMTHIbL. bi3 TepT Tomka
OeiareH 12 OKymIBIMEH SKCIIEPUMEHT KYPTi3diK: Oipeyl JA9CTYpii OKBITY SJICTEpiH JKoHE
YIIeyi OWbIH aJaHbIHA OPTYPIl Ma3MyH TYpIepiH Konnauabl. KaTeicymsiap 01tiMi anibH
ajia )KoHe IMTOCTTECT apKBIIBI OaFaJIaHIbI, a1 OJIAPABIH KOHII-KYHi MeH OeJICeHAUTIK ACHTeHi
(haHoMeTp apKBpUIBI  ejmIeHmi. HoTmkenep OHBIH IIaTdOpMAachiH TaigaTaHATBIH
CTYIEHTTEpIIiH, ocipece one TUNTI TonTarbl (KOMUKCTepaeH Keiin Oeitnenep men PTT)
JIOCTYpIi  omicTepAl TaiiamaHaTBIHAAPMEH CalbICTBIPFAHAA OKY JKETICTIKTEpl MeH
JKaKChl KOHII-KYH KOPCETKIMTepiH KepceTTi. 3epTrey OimiM Oepy ToxkipuOeciH jkakcapTy
YIIiH OWBIHFA HETi3/IeNITeH JKoHE ajJiaMFa OarbITTallFaH jK0Oalap/bIH SJeyeTiH KepCceTeli.
Bonamak 3eprreynmep OHBIH KeHIpeK KOJIaHy MYMKIHAITIH JKOHE CTYIEHTTEePAiH
MOTHBAIMACH MEH OKYBIHA Y3aK Mep3iMJi ocepiH KaKChIpak TYCiHY YIIiH IuIaT(opMaHbI
OPTYpJIi J)Kac TONTaphl MEH MOH/EP OONBIHINA TECTiIeyTe OaFbITTAFaH.

Tyiiin ce3mep: Anamra OarpITTalIFaH AW3aiH, TeiMu(pUKaNus, OKy TIaThopMachl,
OHJIaWH OKBITY, NaliJaIlaHyIIbUIAPbI TAPTY
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AnHoTanusi. B 37Ol cratbe paccmarpuBaeTcs pa3paboTrka U 3((HEKTUBHOCTDH
UrpoBoii oOyuaromieil miardopmbl, MpeTHa3HAYCHHOW IS TIOBBILICHUS BOBJICUCHHOCTH
CTYAEHTOB M pe3yJbTaTOB 0OydeHMs. TpaguLMOHHBIE METOAbI OOYYEHHS B BBICIIMX
yUeOHBIX 3aBEACHUSIX YacTO HE OTBEYAIOT Pa3sHOOOpPa3HBIM MOTPEOHOCTSIM CTYIEHTOB B
00y4YeHNHM, 4YTO MPUBOAUT K CHIDKCHHIO BOBICUCHHOCTH H 3ddekTuBHOCTH. Harre
UCCIICJIOBAHNE HAIIPABJIEHO Ha MPEOAOJIEHHE JSTOr0 pas3pblBa IYTEM BKIFOYEHUS
JJIEMEHTOB M3 KOTHUTHBHOH HayKH, TeHMHU(HKAIMd U KOMHUKCOB B HOBYIO Iardopmy
anekTpoHHOro oOyuenus. [lnardpopma Obiia  paspaboraHa ¢ HCHOJIB30BAaHUEM
¢dpelimBopka Angular u BKJIIOYaJa pa3lWYHbIE HHTEPAKTHBHBIE KOMIIOHEHTHI, TAKUE KaK
BUACOYPOKH, AHUMalUUU «KapTUHKa-TeKcT-TekcT» (PTT) M KOMHKCBHI 111 MOTHBalMU
CTYIEHTOB. MBI IpOBEIM SKCHEPUMEHT ¢ 12 CTyneHTamM, pa3[esIeHHbIMH Ha 4YEThIpe
TPYNIBL OJHA HWCIOJh30BaJIa TPATUIIMOHHBIE METOJABI OOYYEHHs, a TPU HCIOIB30BAIN
pas3JInuHbIC TUIBI KOHTEHTA Ha UIPOBOU IuIaTdopMe. 3HAHUS YUaCTHUKOB OLICHUBAJIHCH C
MOMOINBIO TIPEJBAPUTENIBHBIX W HTOTOBBIX TECTOB, a HMX HACTPOEHHE W YpPOBEHb
BOBJICUEHHOCTH H3MEPAIMCh C HoMoupio ¢aHomerpa. PesynbraTel moKas3aad, 4YTO
CTYICHTBI, UCTIOJIL3YIOIINE UTPOBYIO MIaT(OpMy, OCOOCHHO B Tpynie Tuna 1 (KOMUKCHI, 32
KOTOpbIMU ciienoBany Buaeo u PTT), nokasanu 3HaunTenbHO 00Jiee BHICOKUE PE3YIIbTAThI B
o0yyeHnn u Oambl 3a HACTPOEHHE II0 CPABHEHUIO C TEMH, KTO HCIIOJIB30Ball
TpaJMIMOHHBIE METOIBI. MccnenoBanue moayepkuBaeT MOTEHIMAT reiiMU(UIIMPOBaHHBIX
U OPHUEHTHPOBAHHBIX HA YEJIOBEKA IIPOCKTOB B YJIyUIICHHUH 0Opa3oBaTeNbHOIO oIblTa. B
JanpHeWeM HcciaeqoBaHusl OyIyT COCpelIOTOYEHBbl Ha TECTHPOBAHMM IUIaT(OPMBI Ha
PasHbIX BO3PACTHBIX IPYIIAx M IpeAMeTax, 4TOObI JIydlle MOHATh e€e 0ojee MIUPOKYIO
OPUMEHUMOCTh U JIOJITOCPOYHBIC 3P PEKTH HA MOTHBALIUIO U 00YUYCHUE CTYICHTOB.

KialoueBble cjI0Ba: UeNOBEKO-OPHEHTHUPOBAHHBIA  TU3aiiH, TeWMupuKanus,
oOyyaromas rardopma, OHIalH-00yueHHe, BOBICUCHHUE MTOJTb30BaTENCH

st HUTHPOBAHMSA: M.A. MajienueTos. VIJIVUIIEHUE
OBYYEHHA C [TOMOIIBIO YEJIOBEKO-UEHTPMPOBAHHOI'O
AN3AVHA: HOBAA  [NIAT®OPMA/MEXIAYHAPO/HbBIN KYPHAIJI

MH®OPMALIMOHHBIX Y KOMMYHUKALIMOHHBIX TEXHOJIOTUI. 2024. T. 5.
No. 20. Ctp. 56—-67. (Ha anrmn.). https://doi.org/10.54309/1J1CT.2024.20.4.005.

Introduction

In contemporary higher education, the conventional paradigms of teaching and learn-
ing have remained unchanged. Despite advances in technology and pedagogy, many
educa-tional institutions still rely heavily on traditional methods, such as reading from
presentation slides and books. Even highly developed countries like Japan still adhere to
teacher-centred
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teaching formats in teaching higher education (Aoki, 2010). This adherence to conventional
teaching formats often neglects the diverse learning needs and preferences of students, there-
by hindering the efficacy and engagement of educational experiences. Student-centric design
approaches must be used to deliver the education material effectively. To do that cognitive
science, gamification, and comics should closely be incorporated to create something differ-
ent e-learning platform.

There are many studies that are related to enhancement of learning through hu-
man-centric design. Sagri et al. analysed modern methods of teaching a new material. For
that, they reviewed other researchers’ new adopted methods for teaching such as Digital sto-
rytelling, Comics, Machinima (machine, cinema, and anime), and Multimedia tools (Sagri et
al., 2018). According to their review, the introduction of modern technology in education had
a positive impact on student learning (Sagri et al., 2018). Also, Sagri et al. developed a digital
storytelling comic-based tool and tested that to twenty teachers, 4 professors, 12 individuals,
and 358 students (Sagri et al., 2018). The results show that using comics-based digital story-
telling tools not only improves student learning, but also motivates them to continue learning
new materials in this way (Sagri et al., 2018).

Another study about comics which was conducted by Yamamoto et al. discussed
the innovative e-learning system that aims to enhance cross-cultural communication skills
among international students using Manga (Yamamoto et al., 2019). Through analysis of
user feedback and comparison with non-users, the effectiveness of the system in address-
ing existing teaching material limitations was confirmed (Yamamoto et al., 2019). The sys-
tem’s interactive approach, incorporating Manga characters, maintained user engagement
and motivation, leading to improved understanding of the material (Yamamoto et al., 2019).
Moreover, interviews with participating companies indicated that students who underwent
the e-learning program demonstrated superior business communication skills (Yamamoto
et al., 2019). Overall, the e-learning system effectively cultivates non-verbal and emotional
communication skills crucial for international students navigating diverse cultural environ-
ments (Yamamoto et al., 2019).

The study presents clickEcomic, a multimedia language learning system for Japanese
learners, finding that learners favored the ‘day-to-day’ language-focused package over one
centered on Japanese history (Lai et al., 2002). Intermediate learners benefited most from
materials with English text and Japanese narration, while beginners required additional gram-
matical explanations to connect English and Japanese effectively (Lai et al., 2002). Overall,
the findings suggest that multimedia comic-based learning materials cater to diverse profi-
ciency levels, offering effective language acquisition tools with flexible pacing and cultural
insights (Lai et al., 2002).

Another study explores the development and impact of mobile phone e-learning us-
ing manga-based materials in Japan, focusing on motivational factors and the influence of
word of mouth (Matsumoto, n.d.). Surveys reveal a desire among students for smartphone
use and interest in mobile phone e-learning, particularly with manga content (Matsumoto,
n.d.). While manga-based content enhances creativity and maintains high learning motiva-
tion, challenges arise from the current lack of smartphone functionality for accessing such
materials (Matsumoto, n.d.). Nonetheless, leveraging word of mouth may offer potential av-
enues to enhance the effectiveness of educational strategies in the future (Matsumoto, n.d.).

Chang et al. research tested the effectiveness of their teaching approach that is game
and comics integrated learning platform (Chang et al., 2017). Their study yielded positive re-
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sults regarding their teaching method, but they also mentioned that developing their approach
was time consuming (Chang et al., 2017). Another researcher, Lazarinis et al., who authored
a paper about developing tools for creating comics for education, thinks differently (Lazarinis
et al., 2015). They wrote that the tools they use are not time-consuming, but lack functional-
ity, thus educators creating content are limited to given functionality (Lazarinis et al., 2015).

Overall, these studies that use storytelling and comics have shown positive effects on
students learning new material (Sagri et al., 2018; Yamamoto et al., 2019; Lai et al., 2002;
Matsumoto, n.d.). Although comics-based learning has its advantages, such as enhanced en-
gagement and comprehension, it can also be time-consuming to create (Chang et al., 2017).
However, attempts to streamline the process to make it less time-consuming may compro-
mise functionality (Lazarinis et al., 2015).

The human memory system involves sensory memory receiving information from
sensory channels, followed by the transfer of relevant data to short-term memory (Atkinson
and Shiflrin, n.d.). Through rehearsal processes within short-term memory, information is en-
coded and prepared for storage in long-term memory, which has unlimited capacity (Atkinson
and Shiflrin, n.d.). Our research aims to optimize the rehearsal process in short-term memory
to enhance information retention and facilitate efficient transfer to long-term memory.

Firstly, cognitive load theory’s design principles and strategies are used during cre-
ation of the new material to reduce cognitive load. These design principles and strategies
include Goal-free principle, Modality principle, and Self-explanation principle (Merrienboer
etal., 2010).

Secondly, video and video + text format of teaching is used when the e-learning plat-
form is developed. This could be because video, and video + text-based learning shows high
accuracy of learning (Ando and Ueno, 2008).

Thirdly, voice-over video format and picture-text-text animation video is used as
these teaching methods produce positive results than other approaches (Chen and Wu, 2015;
Wang et al., 2012).

Following the instructional content, a new list of concepts is presented to encourage
students to remember new concepts through mnemonics (elaborative rehearsal technique)
(Benge and Robbins, 2009). After each unit of material, a test with new educational material
will be automatically generated, the duration of the rehearsal of the new material will be one
week and the rehearsal will go through this test, since an interval of one week is enough to
transfer new knowledge from STM (Short-term memory) to LTM (Long-term memory) ef-
fectively (Pelayoet al., 2006).

Due to the limitations of entertainment-based learning approaches, the study only
uses comics, not in story format, but only comics chunks to motivate students to learn a new
section of the lesson.

The traditional type of learning platform and slight variations of the proposed revolu-
tionary types of platforms are tested on university students. For the course content a biology
lesson is chosen. Our hypothesis is that a revolutionary learning platform might be more ef-
fective at learning new material than a traditional one. We expect to figure out a better version
of a slight variation of the new platform.

Materials and Methods

Software

The gamified platform was built using the Angular framework. Its design was delib-
erately crafted to resemble a gaming environment, it attracts students to engage with the plat-
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form consistently. Featuring a dynamic layout, it includes a header, a side menu displaying
various lesson units, and the lesson content itself.

Figure 1 illustrates three types of platform content. In the first type, comics preceded
by video material, followed by a sequence of picture-text-text content presenting the learning
material, and concluding with key terms intended for memorization through elaborative re-
hearsal. The order of content differs in the other types, while their formats remain the same.

Figure 2 illustrates the rehearsal process one week after the learning method has been
implemented, providing insight into the retention and application of knowledge over time.
Figures 3 and 4 offer visual representations of the gamified learning platform, showcasing
its design and interface for better understanding and assessment of its features and usability.

Lecture Comics Video Video
Video PTT PTT
Slides
) Eloborative
PTT Comics Rehearsal
Eloborative Eloborative )
Book Rehearsal Rehearsal Comics
Traditional Type 1 Type 2 Type 3

Fig.1 - Learning platform types

Learning
Method

One week O[ Rehearsal

Pretest

Posttest

Fig.2 - Process of the experiment

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 @‘(}-
International License |

61



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Is. 4.

Procedure

We recruited twelve participants aged between 21 and 27 for our experiment,
dividing them into four groups as depicted in Figure 1. The first group utilized the
traditional learning method, while the second, third, and fourth groups engaged with
type 1, type 2, and type 3 content of the gamified platform, respectively. The ex-
periment aimed to determine the most effective learning approach among the three
content types.

Prior to the experiment, participants underwent a pretest to assess their base-
line knowledge of the topic. Following the learning sessions with the respective con-
tent types, participants’ excitement levels regarding the gamified platform were mea-
sured using a funometer. Subsequently, participants were given time to memorize key
terms using the elaborative rehearsal technique, which involves associating the terms
with real-life scenarios.

After a week, participants were given a posttest to evaluate their retention and
comprehension of the material learned. This approach allowed us to assess the effec-
tiveness of each learning method and determine the most advantageous approach for
our participants.

A 7 B e

Fig.3 - Gamified Learning Platform (Comics)
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Fig.4 - Gamified Learning Platform (PTT)

Measurements

Knowledge

Participants were tasked with providing explanations of the key terms, a measure
conducted both before the experiment ended and after a week of engaging in elaborate re-
hearsal. These pretest and posttest assessments were utilized to evaluate the participants’
learning gains over the duration of the study.

Mood

Mood assessments were conducted using a funometer to examine participants’ en-
gagement levels following their study sessions, comparing experiences between the tradi-
tional learning method and the gamified learning platform. This assessment was conducted
once, after the learning procedures.

Other Factors

Post-assessment, participants were queried on various aspects of their user experi-
ence, providing insights into elements that caused excitement or boredom. This feedback
aimed to inform future improvements to the gamified platform, enhancing its effectiveness
and user engagement.

Results and Discussion

Test Results

Prior to conducting the experiment, all participants underwent pretests, the results of
which are shown in Figure 5. This pretest consists of 20 fundamental biology terms, and an
average score is 3.30 terms. After one week of instruction, participants completed posttests.
Results indicated that those engaged in traditional learning methods achieved an average
score of 6 out of twenty key terms. Participants who use Type 1 learning strategies exhibited
a marked improvement, with an average score of 11.67, while those employing Type 2 and
Type 3 methods obtained scores of 10.67 and 8.34 respectively.

Analyzing the gains, it is evident that both Type 1 and Type 2 learning approaches
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yield significantly higher improvements compared to Type 3 and Traditional methods.

12

10

Pretest Traditional Type 1 Type 2 Type 3

Fig.5 - Comparison of test results
Table 1. ANOVA of learning achievement on various approaches

SS df MS F P-value

Between Groups 57.667 3 19.222 6.407 0.016

Within Groups 24 8 3

Total 81.667 11

Gain (Traditional) Gain (Type 1) Gain (Type 2) Gain (Type 3)

Fig.6 - Comparison of gains
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Following the completion of the experiment, we conducted an ANOVA test to find
any statistically significant variances among the Traditional, Type 1, Type 2, and Type 3 inde-
pendent groups. As shown in Table 1, the obtained p-value was 0.016. This indicates that our
p-value is lower than the critical threshold of 0.05. Thus, our hypothesis is right.

Mood

In Figure 7, the data reveals that participants experienced a more elevated mood after
engaging with the material through the gamified learning platform compared to the traditional
learning method. Upon closer examination of mood changes across learner types (Type 1, 2,
and 3), it becomes clear that Type 1 and 2 learners had improved mood than Type 3 learners.

100

75

50

25

Traditional Type 1 Type 2 Type 3

Fig.7 - Comparison of moods

Other Factors

Many participants in the traditional learning group lacked motivation compared to
those in the Type 1, 2, and 3 groups, because they told us that they used to study like that. On
the other hand, participants exposed to novel approaches showed high motivation, because
they liked the engaging nature of gamified design, comics, and animated videos. However, it
is crucial to note that over time, the motivation of Type 1, 2, and 3 participants may decrease
as they become used to these methods, like traditional method participants.

Furthermore, Type 3 participants admitted to rushing through the material to reach
the comics section quickly, compromising their attention to the study material. Some Type 2
learners reported being distracted by the placement of comics in the middle of the material.
In contrast, Type 1 participants did not express any complaints.

Discussion

This study investigated the effectiveness of a gamified learning platform compared
to traditional methods. By combining insights from cognitive science, gamified design prin-
ciples, and the incorporation of comics, a novel human-centric learning platform was devel-
oped and examined.

The results demonstrate that Type 1 and Type 2 learning platforms yielded signifi-
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cantly higher scores (11.67 and 10.67, respectively) in learning new material compared to
the traditional method (6.00). The Type 3 method achieved a score of 8.34, which was lower
than Type 1 and Type 2. This discrepancy can be attributed to participants rushing through the
material to access the comics section quickly.

Interestingly, within the Type 1 and Type 2 groups, Type 1 learners outperformed
Type 2 learners. This difference may be linked to Type 2 participants’ dissatisfaction with the
placement of comics in the middle of the learning material, which led to distractions from the
primary learning content. Also, Type 1 learners did not encounter any such issues.

Participants across all three types (Type 1, 2, and 3) exhibited higher mood levels
compared to those using the traditional learning method. This can be attributed to the novelty
and engagement offered by the new gamified learning platform, which is more interesting for
participants who are accustomed to traditional methods.

The application of an ANOVA test resulted in a p-value of 0.016, indicating statistical
significance (p = 0.05) and suggesting that the gamified learning platform is more effective
than the traditional method. Among the gamified platform types, Type 1 emerged as the most
efficient. In this platform, the sequence involves comics followed by video material, then
PTT (picture-text-text) content, and finally key terms for elaborative rehearsal.

Conclusion

Further research is needed to explore participants across a broader spectrum of age
groups, encompassing younger demographics than those included in our current experiment.
Additionally, extending the investigation to various disciplines beyond biology would figure
out instances where the traditional method may outperform gamified learning platforms.

In evaluating mood and other factors, it was noted that many participants using the
traditional method lacked motivation compared to those who use the gamified learning plat-
form. This observation underscores the importance of understanding how participants’ famil-
iarity influences their engagement and motivation levels. It means, it is essential to determine
the duration after which participants using the new learning platform become accustomed
to the novel teaching method and potentially experience a decline in engagement, like par-
ticipants who use traditional methods. This exploration would show whether both methods
eventually demonstrate similar outcomes.
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Abstract. This paper examines data collection and the application of neural network
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portant means of communication for people with hearing impairments, requires effective
technologies for its automatic recognition. During the study, a diverse set of video data was
collected, covering various gestures and contexts of their use. Modern neural network archi-
tectures, including convolutional and recurrent networks, were applied to analyze this data,
enabling high classification accuracy. The results demonstrate the potential of using deep
learning for sign language recognition, which opens new opportunities for the development
of assistive technologies and improving the quality of life for people with disabilities. The
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AnnoTtanus. byn sxymbicra OeifHenepiai TaHy MIiHIETTEpiHAE BIM-HMIIAapa TiUTIH
KJaccupuKanusIay YUIiH HEHPOHBIK JKelli MOJICJIBACPIH KOJIaHY KOHE JEPEKTEeP/Al KUHAY
KapacThlpbuiaabl. EcTy KabineTi Hamap amamzaap yIIiH MaHbI3Abl KapbIM-KaTbIHAC KYpajibl
Oonbim  TaOBUIATBIH ~ BIM-MIIAPA TiIi OHBI ABTOMATThl TYpAe TaHy YLIH THIMII
TEXHOJIOTHSAJIApAbl Tanan eTefi. 3epTrey OapbIChHAAa SPTYpIl HIIapajap MEH OJIapIblH
KOJIIAHy KOHTEKCTTEpiH KAMTHUTBIH OpTYpJi OeliHenepekTep XHHalAbl. byn aepekrepai
Talgay  YIIIH 3aMaHayd  HEHpOHIBIK JKelli  apXUTEKTypajapbl, COHBIH IiIIiHIE
KOHBOJIIOLMSUIBIK JKOHE PEKYPPEHTTI JKeliiep KOJAaHBUIIBL, Oyl KiacCUpHUKALUSHBIH
JKOFaphbl AQJIIT1HE KOJI )KETKi3yre MyMKiHAIK Oepai. HoTmkenep TepeH OKbITY bl bIM-HILIApa
TUTIH TaHy YIOIH [OaijanaHyAplH Oojamarsl 30p €KEHIH KepceTeldi, Oyl KeMeKIi
TEXHOJIOTHSAJIAp/Abl AAMBITYFa dOHE MYMKIHJIT IEKTEYl afaMaapblH eMip cypy camnachlH
KaKcapTyra KaHa MYMKIHIIKTep amanbl. JKyMbIC MallMHAMEH OKBITY MEH KOMIIBIOTEPIIiK
KOpy OHiCTepiH OIpIKTIpyiH MaHbBI3IbUIBIFBIH JKOHE ©3apa OpEKeTTeCYIiH TYCIHIKTI
uHTEep(EHUCTEePiH KYpyIbl aTar KOpCeTel.

Tyiiin ce3nep: epekrep >xubinbl, Tyiingeme; CNN (KOHBYJIbCHSIIBIK HEHPOH-IBIK
xkemi); blm Ttimi; ekinmik knaccudukanms; Machine Learning; Kommay Vector Machine,
AlexNet, LeNet, softmax, ReLU, rpaauentti Tycipy, Adam Optimizer, makeTTi KaJabllKa
KEJTIPY, CANbICTHIPMAaJIbl TaJI1ay
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AnHoTanusa. B nanHoi pabore paccmaTpuBaeTcsi cOOp JAaHHBIX M MPUMEHEHHUE
Mojesell HEHPOHHBIX ceTel Ul KJIacCU(HKAIMU SI3bIKa KECTOB B 33j1a4ax PacIio3HaBAHMS
00pazoB. SI3bIK KECTOB, KaK BaKHBIH CIIOCOO KOMMYHHKAIIWHU JUISI JIIOJICH ¢ HApyIICHUSIMHU
ciyxa, TpedyeT 3¢ (HEeKTUBHBIX TEXHOJOTHH JUIA €ro aBTOMAaTHYECKOTO pacrio3HaBaHus. B
X0/e HMcciaeqoBaHus Obul TpoBeaéH cOOp pa3HOOOPa3HBIX BHIACOAAHHBIX, OXBATHIBAIOLIMX
pasin4HbIe KECThl M KOHTEKCThI HUX UCIONb30BaHMs. [ aHanmw3a STHX JaHHBIX
NPUMEHSTICH COBPEMEHHBIC apXUTEKTYPbl HEHPOHHBIX CETEi, BKIOYAs CBEPTOYHbBIC WU
PEKYpPpEHTHBIE CETH, YTO TIO3BOJIMIIO JOCTHYbh BBICOKOH TOYHOCTH KJIACCH(PUKAIIUH.
Pe3ynbraTel MOKa3bIBAIOT IMEPCIIEKTHBHOCTh HCIIONB30BAaHHUS TIyOOKOrO OOy4YeHUS Juis
pacro3HaBaHUsl S3bIKA JKECTOB, YTO OTKPBIBAET HOBBIE BO3MOXKHOCTH Ui pazpaboTKu
BCIIOMOTATEIbHBIX TEXHOJOTHH M yIyYIIEHHUs KadecTBa >KU3HM JIOJEH ¢ OrpaHHMYCHHBIMA
BO3MOXHOCTMU. PaboTa moAuepKuBaeT Ba)XKHOCTh HMHTETPALMH METOAOB MAIIMHHOTO
O0y4YeHHsI W KOMIBIOTEPHOTO 3pEHUSl Ui CO3/aHusl 0Ooyiee WHTYHUTHBHO TTOHSITHBIX
nHTep(elicOB B3aUMOJICHCTBHSL.

KaroueBnle cioBa: Habopsl nanHbX, CV; CNN (Convulitional neural network);
SI3BIK JKECTOB; OMHapHas Kiaccudukaiys;, MammHHOe o0ydyeHue; support vector machine,
AlexNet, LeNet, softmax, ReLU, rpaguenTsslit ciyck, Adam Optimizer, nakeTHas HopMa-
TU3alKsl, CPAaBHUTEILHBIN aHAIN3

Jas nurupoBanus: Myxanos C.b., A6xyn A.P., bexaynosa JXX.M., JKaksinOexos
C. K. CBOP JAHHBIX U [IPUMEHEHUE MOI[EJIEI/I HEMPOHHBIX CETEN JUIA
KIIACCUDUKALIMN  A3BIKA  JXKECTOB B 3AJJAYAX PACIIO3HABAHUA
OBPA30B//MEX/ITYHAPOIHbII XYPHAIJI NHOOPMAILIMOHHBIX "
KOMMYHUKAILIMOHHBIX TEXHOJIOTUI. 2024. T. 5. No. 20. Ctp. 68-82. (Ha anri.).
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Introduction
Pattern recognition theory is a section of artificial intelligence and computer vision
that focuses on developing methods and algorithms for automatic recognition and classifi-
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cation of objects based on their properties and attributes. This area has many practical appli-
cations, such as recognition of text, images, sounds, speech, faces, gestures, and other data.

In domestic science, a significant contribution to the study of this area was made by
Amirgaliev E.N. in his book “Theory of Pattern Recognition and Cluster Analysis”. It pres-
ents mathematical approaches to classification and clustering problems and describes pattern
recognition algorithms and machine learning methods (Mukhanov et al., 2020: 31-37). A
similar foreign work is the book by Christopher M. Bishop on pattern recognition and ma-
chine learning.

It is also worth noting the contribution of Mamyrbaev O.Zh., who has achieved sig-
nificant success in the study of speech recognition of the Kazakh language (audio signals)
(Mukhanov et al., 2023: 16-27). His research contributes to the development and popular-
ization of the Kazakh language and is relevant for the processing of time series.

The process of pattern recognition, in addition to the technical field, is an important
cognitive function studied in psychology and cognitive neuroscience. It involves comparing
the information received with the data already stored in memory (Mukhanov et al., 2023:
15-27). For example, a child, learning the alphabet, can predict the next letter after hearing
“A, B”, which demonstrates the activation of long-term memory. This process helps a person
navigate in space, remember information, recognize dangers, and find resources, which is
important for survival (Kenshimov et al., 2021: 44-54).

Materials and Methods

Problem and Relevance

By examining algorithms and existing recognition systems in the IT industry and ac-
ademia, we analyzed the requirements needed to improve the performance and efficiency of
these systems. Gesture recognition technologies continue to evolve to provide more accurate
and efficient recognition (Uskenbayeva et al., 2020: 1-6; Bazarevsky et al., 2019). In the
process of improving these systems, several key areas can be identified:

o Expanding databases: Improving the training of models requires a
constant increase in databases containing images and videos of gestures.

o Developing new training methods: Scientific research should focus on
creating innovative training methods to improve recognition accuracy.

o Improving model architectures: Developers strive to optimize model
architectures to improve the speed and accuracy of recognition.

o Increasing the number of parameters: Increasing the number of model

parameters can improve their accuracy, although this may increase the training time
and the size of the models.

. Using deep neural networks: The use of deep neural networks, such as
convolutional and recurrent networks, helps improve recognition accuracy.

o Combining methods: Combining different approaches, including
machine learning and anthropological methods, can improve the accuracy of systems.

o Adaptation to context: Considering the context in which gestures
occur can significantly improve recognition accuracy.

o Creation of new applications: The development of applications based

on gesture recognition stimulates the development of technologies and the expansion
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of their functionality.

To improve recognition accuracy, it is necessary to develop new algorithms and ma-
chine learning methods capable of providing high accuracy (Vidyanova, 2022; Wang 2020:
64990-64999). An important direction is the recognition of more complex gestures, includ-
ing combinations of simple gestures or multi-component movements.

The main requirements for improving gesture recognition systems include:

Real-time recognition: developing fast algorithms and increasing computing perfor-
mance to ensure that the system operates in real time.

Adaptability to different lighting conditions: creating systems that can function in
any lighting conditions, be it bright light or dark.

Improvement in working with large datasets: optimizing algorithms for working with
large datasets, such as videos with many frames or high-resolution images.

Compatibility with different cameras and devices: Develop systems that can work
with several types of cameras, including those used in mobile devices.

Interpretability of results: Provide transparency in the system’s decision-making pro-
cess so that users can understand how gesture recognition occurs.

Privacy and security protection: Develop methods to protect users’ personal data and
prevent system hacks.

Results and Discussion

Model, Tools, Environment and Technology

Computer vision plays a significant role in the development of artificial intelligence.
This field focuses on the development of methods and algorithms for automatic image and
video processing. The rapid development of computer vision contributes to the constant im-
provement of its capabilities. One of the key areas in this field is gesture recognition, which
allows analyzing images and videos in real time (Lee et al., 2020: 105385; Bilgin et al.,
2019). This technology finds application in medicine, robotics, the automotive industry, se-
curity systems and other fields. Computer vision provides automatic recognition of gestures
in video and their use in various applications, such as device control, robotics, and medical
systems (Kudubaeva et al., 2016). The evolution of computer vision is accompanied by the
improvement of image processing algorithms, the creation of new methods and neural net-
work architectures, improved quality of training data, as well as integration with other tech-
nologies, including voice and gesture interfaces (Xu et al., 2022: 103364). One of the main
tasks in the development of gesture recognition systems is to increase accuracy and reduce
the number of false positives. A crucial factor is also an increase in recognition speed for
processing substantial amounts of data in real time (Zhou et al., 2023: 103688). Additionally,
it is necessary to improve the robustness of systems to various conditions, such as changes
in lighting, pose, and scale of objects, as well as to expand the capabilities for recognizing
complex gestures and their combinations. Computer vision significantly contributes to the
recognition of gestures and actions due to its ability to analyze images and videos automati-
cally. This is especially relevant in areas such as security, robot control, and virtual reality. To
further improve gesture recognition systems, it is necessary to continue developing computer
vision methods, including deep neural networks and reinforcement learning methods, as well
as improving the quality of training datasets (Yan et al., 2023: 119042). It is important to con-
sider the diversity of gestures so that systems can solve a wide range of problems in different
scenarios. Further development of computer vision in the field of gesture and action recog-
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nition promises to improve the efficiency and accuracy of these systems, which can have a
significant impact on many aspects of people’s lives (Tong et al., 2023: 118912).

Dataset Collection

High-quality image databases exist for English and Russian sign languages, but no
such resources are available for Kazakh. To address this, we developed our own dataset for
model training. This dataset consists of forty-two classes, each representing a letter of the
Kazakh alphabet, with an average of four hundred images per class. Overall, the dataset in-
cludes over 15,000 images. These images are black-and-white photographs of hands, taken
from various angles, with a resolution of 1280x720, showcasing specific gestures.

my_dataset

Figure I — Dataset for training neural networks

For each letter, datasets were collected containing images of hands demonstrating the
corresponding gestures. The photographs were taken under different lighting conditions and
at different distances from the camera. After data collection, a preprocessing and cleaning
step was performed to eliminate errors, inconsistencies, and remove redundant information.
The datasets are presented in Figure 2, and example images and their corresponding charac-
ters are shown in Figure 3.
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Figure 3 — Image of the letter “©” gesture

Figure 3 shows the number of images for the Kazakh letter «O». In total, about 300
images were collected for this letter. To train the neural networks used to recognize hand
gestures, we labeled and prepared this data.

Experiments of Machine Learning and Neural Network Models

The Support Vector Machine (SVM) seeks to identify a hyperplane that best divides
two classes, enhancing the model’s ability to generalize to new, unseen data. SVM achieves
this by using a kernel function, which transforms the input data into a higher-dimensional
space. These kernel functions are crucial, enabling nonlinear classification by mapping the
original data to a higher dimension. The training and optimization of SVM focus on finding
the most effective hyperplane for categorizing data points. Analysis of the model’s training
process sheds light on this optimization approach:
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Figure 4 - Accuracy during training and validation

Performance Evaluation and Comparison.

Figure 5 — Error matrix for nine classes of the Kazakh sign alphabet
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The confusion matrix reveals the performance of the model in terms of misclassi-
fication. It shows that the model correctly predicts Class 0 for all cases, indicating perfect
classification accuracy for this class. However, it struggles with Class 1, where it incorrectly
classified four cases as Class 0. The model does an excellent job of correctly predicting all
classes with no errors except for Class 1.

Table 1 — Metrics for evaluating the SVM model Binary classification

Class Precision Recall F1 score Support
1 2 3 4 5
Ae(O) 0.69 0.64 0.78 11
Blank 0.71 091 0.29 5
Gh(F) 0.71 0.64 0.78 11
Hh(h) 0.65 0.31 0.47 13
Ii(T) 0.81 0.80 0.89 5
Kk(K) 0.77 0.55 0.71 11
Nn(H) 0.79 0.81 0.91 13
Oe(0) 0.72 0.67 0.80
Ue(Y) 0.72 0.80 0.89
Accuracy 0.74 79
Macro Avg 0.89 0.72 0.73 79
Weighted Avg 0.94 0.67 0.73 79

LeNet and AlexNet models

LeNet is one of the earliest convolutional neural networks, developed in the late
1990s and introduced in the research paper “Gradient-Based Learning for Document Rec-
ognition” as part of deep learning advancements (Bilius et al., 2023: 84-90; Yeo et al.,
2013). This seven-layer CNN was designed to recognize low-resolution black-and-white im-
ages. The original input data were 32x32 pixel images, where each pixel was represented by
thirty-two bits. These images were transformed into six channels of 28x28 pixels and then
downsampled to an average size of 14x14 pixels.

Input
32X 32X 1

Figure 4.20 — The input data for this model is a black and white image of 32x32 pixels.
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Convolution
(5x5)

Cutput shape = ((32-5=1) X (32-5+1) X 6)
=(28 X 28 X 6)

Input Feature Map
32x32x1 28x28x6

Figure 6 — Neural network with filter size 5x5

Then we apply the first convolution operation with a filter size of 5x5 in the amount of 6
such filters:

Convolution ) Convolution
(5%5) Subsampling (5%5)

Input Feature Map Feature Map Feature Map
32x32x1 28x28x6 14 x 14 x 6 10x10x6

Figure 7 — Convolution layer with sixteen 5x5 filters

Then, a convolutional layer with sixteen filters of size 5x5 is used. To train the LeNet
neural network, more than 15,000 images were collected for each letter in the 42-class clas-
sification task. Each class was pre-labeled, and the processed images converted to grayscale
were downloaded from the folder (revised gray dataset). Different gradient descent meth-
ods were used to train the neural network, including Adam and stochastic gradient descent
(SGD). Sigmoid, ReLU, hyperbolic tangent was used as activation functions, and softmax
was used for the output layer. The training was divided into training and validation sets, and
the performance of the model was evaluated using the metrics shown in the image. The data
was taken from the Python console.
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axis shows the number of epochs passed. On the loss graph (model loss), the loss level has
decreased to a minimum, indicating a decrease in the number of model errors, which is also
an excellent result.

model accuracy model loss
40
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epoch epoch

Figure 10 — Accuracy and loss for the LeNet model

The training results of the LeNet model are shown in Figure 9 as a confusion matrix
calculated on the test dataset consisting of forty-two classes. This figure shows that the LeNet
model made classification errors for classes such as “B”, “C”, and others.

AlexNet is a convolutional neural network that has had a significant impact on the
development of machine learning, especially in the field of computer vision. Although Alex-
Net’s architecture is based on Yann LeCune’s LeNet model, it extends it by adding more
filters at each layer and introducing additional convolutional layers. AlexNet includes convo-
lution, max pooling, dropout, data augmentation, as well as ReLU activation functions and
stochastic gradient descent. This powerful model demonstrates high accuracy on complex
data. However, removing any of the convolutional layers can significantly degrade its perfor-
mance. The AlexNet architecture is essential for object detection tasks and is widely used in
the field of computer vision and artificial intelligence.

Different gradient descent methods such as Adam and SGD (stochastic gradient de-
scent) were used to train the neural network. The activation functions used were sigmoid,
ReLU, hyperbolic tangent, and softmax for the output layer. The training process was divided
into training and validation sets. The efficiency and accuracy of the model were assessed us-
ing the metrics shown in Figure 11. The data was obtained from the Python console.

f1 recall precision accuracy time

predict_alexnet_kaz_relu_sgd 0.07% 0116 0137 0.116 hbh12
predict_alexnet_kaz_relu_adam 0111 0190 0129 0.190 h380
predict_alexnet_kaz_softmax_sgd 0.002 0.032 0.001 0.038 ha0s
predict_alexnet_kaz_softmax_adam 0003 0038 0.001 0.038 hi24
predict_alexnet_kaz_tanh_sgd 0.02% 0078 0.020 0.078

predict_alexnet_kaz_tanh_adam 0.082 0157 0117 0.157

Figure 11 — AlexNet model with results of applied metrics
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We then analyzed the training process of this model and found that the model accu-
racy graph for the training set showed its approach to one, which is an excellent result. The
validation set began to show satisfactory results only at the 15th epoch, with the abscissa axis
showing the number of epochs passed. On the model loss graph, the validation set showed
unstable and high losses, indicating a not particularly good result, while the model showed
minimal losses on the training set, which is a positive indicator.
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Figure 12 — Accuracy and loss for the AlexNet model

The training results of the AlexNet deep learning model are graphically displayed in
Figure 13 as a confusion matrix.
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Figure 13 — Accuracy and loss for the AlexNet model
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The statistics of this error matrix show that the model made very frequent false neg-
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

ative predictions when predicting the gestures of the Kazakh sign alphabet, divided into for-

ty-two classes.
The architecture of a convolutional neural network, consisting of several layers, ex-

The results showed that convolutional neural networks are effective in recognizing
tracts increasingly more abstract image details as you move deeper into the network. One of

objects in images, in this case gestures. They are widely used in computer vision, especially

In the comparative analysis of LeNet, AlexNet and SVM models, batch normaliza-
for their ability to detect object boundaries, textures, edges, and corners using local patterns.

tion, rmsprop optimizer and categorical cross entropy as the loss function were used. The

Conclusion
can be explained by the diversity of images in the training data and the effectiveness of CNN

for this task. Over 20 epochs of training, LeNet showed the best results despite the similarity
in training speed, accuracy and loss compared to other models. LeNet, having fewer param-

training was conducted for 20 epochs to achieve optimal convergence of the CNN model for
eters, showed better performance.

hand gesture recognition. The obtained results show similar performance of all models. This
the key characteristics of a convolutional neural network is its invariance to transformations,
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which allows them to recognize objects in images regardless of scale, rotation, and transla-
tion.

Comparative analysis of Lenet, SVM, AlexNet models with different activation func-
tions (ReLU, Softmax, Tanh, Sigmoid) and different gradient descent optimizers (ADAM,
SGD) for the task of recognizing gestures in the Kazakh language. The accuracy and F1-mea-
sure, which consider errors of the 1st and 2nd kind, were used as metrics.
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Annoramusa. Low-code xoHe no-code (LC/NC) TexHONOTHSIApIBIH Tapaiybl
OarmapiaManblK eHIMAEpAl o3ipieyderi TpaHC(HOPMAIMSUIBIK IoyipAl Oenrinedmi, Kypy
MPOIECIH JEMOKPATUSsIAHIBIPATEIH JKOHE o3ipliey OpeKeTTepiH OHTaWIaHIbIPATHIH
WHHOBAIIMSJIBIK IIenriMaepai ycbiHaabl. bynm makamama LC/NC  TexXHOJOTHsITApPBIHBIH
canjgapbl MeH KOJIJAHBUIYBIH 3€pTTEi/Ii, OlapAblH KOATay OOWBIHIIA KEH TIKIpHOeci jKOK
naiilana"ypuiapra OaFapiaMaiblK JKacakTama KacayFa KaThICyFa MYMKIHAIK Oepy
oneyerine Hazap aynapanel. OutSystems, PowerApps, Mendix, Bubble, Webflow,
Flutterflow, Zapier, Tilda, Creatio xone WordPress cuskret OH tambpiman LC/NC
rutatopMaapelH JKaH-)KaKThl Talay apKbUIBI 3€pTTEY OCHI ILIATPOpMallaplblH HeTi3ri
yirinepi meH TtimpepiH TtyciHmipenmi. On LC/NC  coTTi  eHTi3yJlepiHiH JKaFIalibIK
3epTTeyJepiH 3epTTeili, ONapAblH JaMy YaKbITBIH KBICKAPTY YKOHE MKEMJIUTIKTI apTTBIPY
CHUSIKTHI apTHIKIIBUIBIKTAPBIH, COHIali-aK MICKTEYNI TEHIIEY >KOHE BIKTUMAN KayilCi3IiK
OCaJIBIKTapbl CHSIKTBI Mocenenepai tamnnmaiiapl. CoHpiMeH Katap, 3eprrey LC/NC
TEXHOJIOTHSJIAPBIHBIH ~ OaFaapiaMaiblK KacaKTaMaHbl 93ipiiey TONTAPBIHIAAFBl JISCTYPII
penjepre S>KoHE callafia Tallal eTIIeTiH JaMBIll Kejle JKaTKaH [aFapliapra oCepiH
seprreiini. LC /  NC  mmardopmamapel  AoCTypidi  KOATAyIbl  TOJBIFBIMEH
aIMaCTBIPMANTHIHBIH MOWBIHIAH OTBIPBIN, OYJl 3epTTEY OJApIbIH OarmapiiaMaibIK
JKacaKTaMaHbI 93ipJiey CalachIHJAFbl MHHOBAIMSIAP/IbI, WHKIFO3UBTIIIKTI JKOHE ENTLUTIKTI
MAMBITYJIaFbl MaHBI3JBI pOJiH Kepcerenmi. Tyractail amraHma, Oyn xymbeic LC/NC
TEXHOJIOTHSJIAPBIHBIH ~ Oar/apiaMallblk — JKacaKTaMaHbl  o3ipliey  CallaChlH  Kajai
©3TepTETiHIH TYCiHYre BIKIAJT eTeAl KOHE TEXHOJOTHSUIBIK WHAYCTPUSAIAFbl Ooamak
TEHACHIUSIAPABI OOIDKAMIBL.

Tyiiin ce3gep: Low-code »xoHe no-code TeXHOIOTHSIAPHL, OaFgapIaMalbiK
JKaCaKkTaMaHbl  JIEMOKPATUSUIAHIBIPY, THIMIUTIK, TEHIIEY, KayilcCi3IiK, calajarsl
WHHOBAaIUsJIAp KOHE OOaIaK TeH ISHITHIIAp

Hoiiekco3nep ywin: [{.A. Paxmerymnuna. BAFJJAPJIAMAJIBIK ©HIMJIEP/I
O3IPJIEYVIE LOW CODE XOHE NO-CODE TEXHOJIOI'MSJIAPBIHBIH
KOJIJAHBIJTYBIH TAJIJAY  //XAJIBIKAPAJIBIK  AKIIAPATTBIK  JKOHE
KOMMVYHUKAJIBIK TEXHOJIOTUAJIAP XXYPHAJIBL. 2024. T. 5. No. 20. 83-94 Ger.
(arpuTinbrH TimiHAge). https://doi.org/10.54309/1J1CT.2024.20.4.007.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 e )
International License / ‘

84



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Is. 4.

AHAJIA3 IPUMEHEHMSI TEXHOJIOI' YA LOW CODE U NO-CODE B
PABPABOTKE ITPOI'PAMMHBIX ITPOJAYKTOB

J.A. PaxmeryJuimna
MesxayHapoJHbIH yHUBEPCUTET MH(POPMAIIMOHHBIX TeXHOIOTH, AnMmatsl, KazaxcraH.
E-mail: darigarakh23@gmail.com

Paxmeryaanna Jlapura AcanHoBHAa — MarucTpanT oOpa30oBaTeNbHOW IporpaMmbl «Ympasienue IT-
NpoeKTaMu», MexIyHapoaHbIil yHHBepcHTeT HMHGOPMAIMOHHBIX TeXHOJIOTHH, Ausmatel, Kazaxcran.
E-mail: darigarakh23@gmail.com, https://orcid.org/0009-0003-0179-2505.

© JI.A. Paxmeryiuuna, 2024

AnHortanus. Pactpoctpanenne Texnonoruii low-code m no-code (LC/NC) 3name-
HyeT CO0OW 310Xy MpeoOpa3oBaHUil B pa3pabOTKE MPOrPaMMHBIX MPOYKTOB, Mpeiiaras
WH-HOBAI[MOHHBIC  PEIICHHUS, KOTOPbIC JACMOKPATH3UPYIOT IPOLECC CO3JMaHHs U
ONTHUMM3HUPYIOT YCHIHMS TIO pa3paboTke. B cTaTthe HCCIEAYHOTCS TMOCICACTBHS U
npumenenue TtexHonorunii LC/NC wu ynensercss ocoboe BHUMaHWE HX TMOTCHIHUAIY,
MO3BOIISAIONIEMY TIONB30BATEIsIM 0e3 OOMMPHBIX 3HAaHWA B OOJNACTH KOJMPOBAHUS
y4acTBOBaTh B CO3JIaHUU MPOTPaMMHOrO oOecrieueHus. biaromapss BCECTOPOHHEMY
aHanmm3y gecsatd m3BecTHBIX 1matdhopm LC/NC, Bxmowas OutSystems, PowerApps,
Mendix, Bubble, Webflow, Flutterflow, Zapier, Tilda, Creatio u WordPress, uccnenoanue
packpeiBaeT 0a30BbIe MOJENU M SI3bIKM OTHX IUIaTpopM. B HeM paccmarpuBaroTcs
TEMAaTUYeCKUEe HCClenoBanus ycnemubix peamusamuii LC/NC, aHanu3upyroTcst HuX
MPEUMYIIIECTBA, TAKUE KaK COKpPAICHUE BPEMEHHU Pa3paObOTKU U MOBBI-IIIEHUE THOKOCTH, a
TaKXKe TaKue MPOoOJIeMbl, KaK OTpaHUYCHHAs HACTPOWKA W MOTCHIMATb-HbIE YS3BUMOCTH
Oe3omacHoctu. Kpome Toro, mccienoBanue u3ydaeT BiausHue TexHosoruii LC/NC Ha
TPpaAULOHWOHHBIC POJIM B KOMaHIaX pa3pa6OTT-II/IKOB IIporpaMMHOTIO oOecrieueHnst u
pasBUBaroIUecs HAOOPHI HABBIKOB, HEOOXOIUMbIC B oTpaciu. [IpusHaBas, uTo miaardop-
Mbl LC/NC He 3aMEHSIT MOJIHOCThIO TPAJIUIMOHHOE IPOrPaMMHUPOBAHUE, 3TO UCCIICIOBAHNE
MOTYEPKUBACT UX BAXKHYIO POJIb B COJICHCTBUM WHHOBAIIMSAM, HHKIIFO3UBHOCTH U THOKOCTH
B cepe pa3pabOTKu MpOrpaMMHOro obecrieueHus. B 1emom, 3ta ctaThs COCOOCTBYET
MTOHU-MaHUIO TOro, Kak TexHomorun LC/NC MeHsroT 007acTh pa3paboTKH MPOrpaMMHOTO
o0ecrie-4eHHsl ¥ IPEBOCXUINAIOT OYAyIIHe TEHACHIIMN B TEXHOJIOTHUECKOHN OTPACIIH.

KiroueBnble ciioBa: texnosoruu low-code u no-code, peMokparusanus pa3padboT-
ku T10, a3 pekTuBHOCTD, KACTOMH3AIIUS, 0€30MACHOCTh, HHHOBAIUK B OTPACIH U OyIyIHe
TCHACHIIUN

Jdass  uurupoBanmsi:  JLA. Paxmerymouna. AHAJIM3  TTPUMEHEHUA
TEXHOJIOTU LOW CODE U NO-CODE B PA3PABOTKE ITPOI'PAMMHBIX
[TPOJIYKTOB//MEX/IYHAPO/HbIN XYPHAJI NHOOPMAIIMOHHbBIX 4
KOMMYHUKAILIMOHHBIX TEXHOJIOT' M. 2024. T. 5. No. 20. Ctp. 83-94. (Ha anru.).
https://doi.org/10.54309/1J1CT.2024.20.4.007.

Introduction

The software development industry has been significantly transformed with the ad-
vent of Low-Code and No-Code (LCNC) platforms. Designed to lower or eliminate the
need for complex coding skills, these platforms open the world of software creation to a
broader audience. Traditionally, software development demanded specialized expertise,
often limit-ing the ability to develop applications to those with formal training in
programming (Frank et al., 2021: 1-6). LCNC platforms democratize this process, enabling
even non-technical users
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to contribute meaningfully to software development through intuitive tools and simplified
interfaces. This transformation is particularly impactful for small and medium-sized enter-
prises (SMEs), which often face limitations in terms of IT budgets and skilled personnel. By
leveraging LCNC technologies, SMEs can now participate in digital innovation, engage in
rapid prototyping, and deploy applications without significant upfront investment, helping to
level the playing field across industries (Gartner, 2021).

The relevance of studying LCNC platforms stems from the accelerating pace of tech-
nological advancement in software engineering. Businesses increasingly seek agile and re-
sponsive solutions that can quickly adapt to evolving market demands. LCNC technologies
cater to these needs by offering faster development cycles and flexible solutions that align
well with modern business requirements. However, questions remain regarding the sustain-
ability, applicability, and scalability of LCNC technologies, especially in complex develop-
ment scenarios. A thorough understanding of these aspects is crucial as LCNC platforms gain
traction in the software development sector.

This study aims to explore the role of LCNC technologies in software product devel-
opment by identifying their advantages, limitations, and future potential within the industry.
The study will analyze the core principles that underpin LCNC platforms, review case studies
from organizations that have implemented these technologies and assess the impact of LCNC
adoption on development processes, product quality, and overall outcomes. In addition, this
research seeks to provide actionable recommendations for businesses to adopt and implement
LCNC platforms effectively, thus enhancing productivity and innovation.

Materials and Methods

This research is built on a structured analysis of LCNC technologies through both
theoretical and empirical methodologies. The foundation of the study includes a compre-
hensive review of relevant literature on Low-Code and No-Code platforms, complemented
by case studies and real-world applications within the software development industry. The
case studies are selected from a range of industries, providing diverse perspectives on the de-
ployment, effectiveness, and challenges associated with LCNC technologies. Empirical data
collection involves both qualitative and quantitative methods. Interviews with industry pro-
fessionals, software developers, and business stakeholders provide insights into the practical
applications and limitations of LCNC platforms, while surveys gather quantitative data on
the usage, impact, and outcomes of LCNC adoption. The study also conducts a comparative
analysis of development projects that utilize LCNC platforms versus those employing tradi-
tional development methods. Statistical data from these analyses highlight trends, measure
effectiveness, and contribute to an understanding of LCNC technologies’ role within software
development.

The study’s methodology further includes an evaluation of specific LCNC platforms
— alongside an analysis of key metrics, including development time, resource allocation, and
product quality. This approach allows for a comprehensive examination of LCNC technolo-
gies in real-world contexts, balancing both theoretical frameworks and empirical evidence.

Results and Discussion

The findings from this research reveal significant insights into the advantages, lim-
itations, and future applications of Low-Code and No-Code technologies in software de-
velopment. One of the key advantages identified is the reduction in development time, as
LCNC platforms streamline application building through pre-configured templates and re-
usable modules. This efficiency has been shown to improve productivity, particularly in ag-
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ile development environments, allowing for faster responses to business needs and market
changes. Moreover, the flexibility offered by LCNC platforms aligns well with modern busi-
ness demands, enabling rapid iterations and adaptations based on user feedback and shifting
requirements.

However, the research also highlights notable limitations of LCNC technologies, es-
pecially in complex or highly customized projects. While LCNC platforms excel in provid-
ing accessible solutions for straightforward applications, they often struggle with scalability
and may lack the depth of customization required in more intricate development scenarios.
Security remains another concern, as the abstraction layers inherent in LCNC platforms can
obscure potential vulnerabilities. This limitation suggests that while LCNC platforms are
highly beneficial for prototyping and less complex projects, traditional coding may still be
necessary for mission-critical or highly tailored applications.

The study’s results indicate that LCNC technologies are likely to coexist with tradi-
tional software development methods rather than replace them. They offer a complementary
approach that fosters inclusivity and agility, particularly valuable for SMEs and teams fo-
cused on rapid development. Recommendations from this research outline strategies for in-
tegrating LCNC technologies within organizations, such as selecting projects best suited for
LCNC, training teams in platform-specific best practices, and establishing security protocols
tailored to LCNC environments.

The landscape of software development has continually evolved in response to ad-
vancing technologies, changing market demands, and the imperative for enhanced efficien-
cy. Within this transformative landscape, Low Code and No-Code (LCNC) platforms have
emerged as game changers, providing tools that democratize software development and en-
hance the speed of application deployment. This review delves deeper into LCNC'’s rise,
applications, challenges, and future implications (Brooke, 2013: 29-40).

In the vast realm of technology, there has always been a tussle between advancing
at the speed of light and ensuring that the masses can keep up with such progress. The field
of software development, once exclusive to those trained in the intricate nuances of coding
languages, has experienced a radical shift in this balance in recent years. Emerging from
the shadows of traditional, code-intensive development processes, Low Code and No-Code
(LCNC) platforms have begun to challenge the established norms, promising a democratized
landscape where software creation is no longer the domain of the few but the playground of
many (Hakimi, 2019).

This literature review aims to dissect the evolution, significance, challenges, and po-
tential trajectories of LCNC technologies, examining their transformative impact on software
product development. The dawn of LCNC platforms has been nothing short of revolutionary,
offering a unique blend of accessibility and efficiency. At its core, this paradigm shift aims
to simplify the complex, making software development more intuitive and less dependent on
deep technical prowess. But like all seismic shifts in technology, the rise of LCNC platforms
brings with it a host of questions, potential pitfalls, and uncharted territories that merit thor-
ough examination (Shah, 2020: 15).

To appreciate the current state of Low Code and No-Code (LCNC) platforms, it’s
imperative to traverse back in time and understand the trajectory that brought us here. Histor-
ically, software development was an exclusive realm, a citadel for those equipped with spe-
cialized training. The 1960s and 70s, often referred to as the ‘dark ages’ of computing, were
dominated by punch-card systems and mainframes. These cumbersome processes necessitat-
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ed proficiency in arcane programming languages and a deep understanding of complex sys-
tems. As we transitioned into the 1980s, the personal computer revolution began (Frank et al.,
2021: 1-6). Tools like Microsoft’s MS-DOS and later Windows made computers accessible
to the masses. But while hardware became increasingly user-friendly, software development
retained its high entry barrier. The 90s introduced visual programming languages, such as
Visual Basic, which attempted to simplify the coding process, but still required a significant
amount of technical know-how.

The turn of the millennium saw a surge in internet usage, driving demand for soft-
ware solutions. Traditional development cycles lagged, leading to the emergence of LCNC
platforms, simplifying web development with tools like WYSIWYG editors. LCNC plat-
forms democratized software development, enabling a wider audience to participate, and
levelling the playing field for SMEs. Studies by Frank, Maier, and Bock (2021) and others
highlight the traction and productivity benefits of low-code platforms, marketed for their
efficiency and reduction in hand-coding. Visual elements and citizen development further
empower non-experts to build applications quickly and affordably, as seen in success stories
like T-Mobile US Inc.’s rapid app development (Schneid et al., 2021).

Furthermore, market research firms have made bold forecasts regarding the market
size for low-code platforms (LCPs), catching the attention of investors. Forrester predicts
a 15 % growth in the LCP market, reaching USD 7.7 billion in 2021, while Brandessence
estimates the market was already worth nearly USD 13 billion in 2020, projecting it to reach
USD 65 billion by 2027.

This growing interest in low-code platforms is not confined to the industry sector; it
has also garnered significant attention in academic circles, leading to dedicated workshops
and discussions within the scholarly community.

Definition by Siements acquires
Gartner Mendix
Definition by Google acquires
Forrester Appian AppSheet
IPO
2014 2016 2018 2020 2022
Amazon releases
Microsoft releases Honeycode
PowerApps

KKR and Goldman
Sachs invest in
OutSystems

Fig.1. Major events in low-code history

As highlighted by Di Ruscio, Kolovos, de Lara, et al. (2022), the year 2021 saw
a notable trend among major cloud service providers incorporating low-code development
platforms (LCDPs) into their cloud solutions. This movement was initiated by Microsoft with
the launch of its Power Apps LCDP in November 2016. Google also entered this space by
acquiring AppSheet in January 2020, subsequently making it their primary low code offering.
Additionally, Amazon introduced Honeycode in June 2020, an LCDP designed for web and
mobile application development (Gurcan et al., 2021: 67-72).

The concept of no-code development platforms (NCDPs) is closely related to LC-
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DPs. NCDPs are characterized by their ability to remove the need for traditional program-
ming using visual languages, graphical user interfaces, and configuration tools. Despite its
widespread use in marketing, the term NCDP is not universally accepted by market analysis
firms as a distinct market segment. In the context of their research, Di Ruscio and colleagues
treat NCDPs and LCDPs as interchangeable terms, focusing solely on LCDPs for their anal-
ysis.

According to Frank, Maier, and Bock (2021), Low Code Platforms (LCPs) are in-
creasingly recognized for their critical role in the ongoing digitization of various sectors,
including business, personal, and social domains. The widespread integration of software
into different facets of life underscores its transformative impact. Consequently, the ability to
swiftly develop, adapt, and deploy software has become a key competitive factor for many
companies. This relevance extends to the academic sphere, where despite longstanding re-
search into efficient software design and alignment, numerous challenges persist, presenting
opportunities for innovative research, particularly in the realm of LCPs. The study also high-
lights a notable lack of clarity and consistency in the conceptualization of LCPs (Di Ruscio
et al., 2022: 437-446). The market offers a broad spectrum of products under the LCP label,
with diverse features and descriptions often obscured by marketing rhetoric. Gartner’s defi-
nition, while comprehensive, lacks specificity, especially in terms of high-level abstractions
and metadata-based programming languages, concepts that are prevalent in various software
development systems (Gartner, 2021).

According to research by Waszkowski (2019), Low-Code Development Platforms
(LCDPs) represent a significant shift in the approach to software development, emphasizing
graphical user interfaces over traditional hard-coded programming techniques. LCDPs focus
on developing databases, business processes, and user interfaces, particularly for web-based
applications. This methodology stems from the ideology of fourth-generation programming
(4GL) and incorporates principles of Rapid Application Development (RAD), automatic
code generation, and visual programming. Introduced in 2011, low-code programming al-
lows developers to focus more on the aesthetics and functionality of an application rather
than on the syntax of the code, thereby reducing troubleshooting and implementation time
(Brooke, 2013: 29-40).

The study also sheds light on the growing demand for IT professionals in Europe,
with an estimated 275,000 unfilled vacancies in the ICT sector and projections suggesting
this shortfall could reach one million by 2020. Gartner research indicates that by 2021, the
demand for information systems will outpace the supply capabilities of IT departments by
a factor of five. This gap underscores the timeliness and relevance of low-code platforms,
which enable faster creation and modification of applications without extensive coding (Mar-
tinez et al., 2023: 1-7).

Key global players in the low-code platform market include Salesforce, Microsoft
PowerApps, Mendix, Google App Maker, Tilda, Flutterflow, Wordpress, TrackVia, and Ap-
pian. In Poland, while there are fewer providers, the available low-code solutions often build
upon European or American technologies, enhancing them with customized elements and
modules (Frank et al., 2021: 1-6).

The implementation of low-code platforms in automating business processes, espe-
cially in manufacturing, poses a complex challenge, necessitating a range of research and
technological solutions, including basic, applied, diagnostic, verification, and heuristic re-
search.

@,{I This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
— International License
89



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2024. Vol. 5. Is. 4.

@ Craphical user interface
/
Live collaborative development support

Supported application domain

Reusability support
G /" Business logic specification mechanisms
\

Interoperability support with external services and data sources

Application build mechanisms
Legend:

Deployment support concrete feature
abstract feature
Monitoring support @ mandatory

QO optional

Fig.2. Top-level features of LCDPs

As detailed by Di Ruscio, Kolovos, de Lara, et al. (2022), Low-Code Development
Platforms (LCDPs) facilitate the creation of versatile applications, suitable for web-only en-
vironments or as native applications for specific deployment environments. These platforms
are adept at supporting both desktop and mobile devices and seamlessly integrating with
prevalent Software-as-a-Service (SaaS) applications such as Zapier, Amazon AppFlow, and
Trello. Among the notable LCDPs, Appian stands out for its longevity, while Amazon Hon-
eycode and Google AppSheet represent more recent developments in this domain (Di Ruscio,
et al., 2022: 437-446).

Akey feature distinguishing LCDPs is their user experience, particularly the advanced
graphical user interfaces they offer. These interfaces include tools and widgets that empower
citizen developers to design applications effectively (Waszkowski, 2019: 376-381). Func-
tionalities like drag-and-drop interfaces, sophisticated reporting features, decision engines
for complex logic modeling, and form builders are integral to the front-end experience of
LCDPs. Furthermore, LCDPs often provide live collaborative development support, which is
especially beneficial for developers working remotely or in geographically dispersed teams.
This feature enhances the collaborative aspect of developing applications (Kalpeyeva et al.,
2020: 1-6).

The analysis delves into survey data gathered from 100 respondents, aiming to eluci-
date their perspectives and engagement with Low-Code/No-Code (LCNC) platforms in soft-
ware development. Key quantitative findings highlight widespread awareness and adoption
of LCNC technologies, with 85 % of respondents indicating familiarity and 71 % integrating
these platforms into their project workflows. Tilda emerges as the most utilized platform
(40 %), followed closely by PowerApps, Flutterflow, and WordPress. LCNC platforms are
predominantly employed for web application development (52 %), with notable usage also
observed in business process automation, prototyping, and mobile application development.
Respondents overwhelmingly attest to the acceleration of project development facilitated by
LCNC platforms (72 %), with visual programming emerging as the most satisfying aspect
(47 %). A significant majority (73 %) express intentions to either maintain or increase their
usage levels, underlining perceived benefits and potential for innovation within the LCNC
landscape. These observations offer a holistic perspective on LCNC platforms within soft-
ware development, detailing their benefits and potential directions for future development.
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Navigating the diverse landscape of Low-Code/No-Code (LCNC) platforms in soft-
ware development unveils platforms like Flutterflow, Tilda, and Zapier, which prioritize us-
er-friendly interfaces. For instance, Flutterflow offers a visually intuitive platform for build-
ing mobile apps, ideal for entrepreneurs venturing into app development without extensive
coding knowledge. Tilda, known for its drag-and-drop website builder, caters to small busi-
nesses and individuals seeking to establish an online presence swiftly. Zapier, specializing
in automation, serves professionals seeking to streamline repetitive tasks across various ap-
plications, like automatically saving email attachments to cloud storage (Wong et al., 2019).

Conversely, WordPress, while renowned for its versatility, requires a certain techni-
cal aptitude, particularly for advanced customization. For instance, a freelance web developer
might leverage WordPress’s extensive plugin ecosystem to create a bespoke e-commerce
platform for a client, but integrating custom features may necessitate familiarity with HTML,
CSS, or PHP (Pantelimon et al., 2019: 566-571).

In contrast, enterprise-grade platforms like Creatio offer robust customization op-
tions tailored to complex business processes. For example, a multinational corporation might
utilize Creatio’s workflow orchestration tools to streamline procurement processes across
multiple departments, ensuring regulatory compliance and efficiency.

While WordPress boasts a vibrant community of developers and users contributing
plugins and support, emerging platforms like OutSystems and PowerApps are steadily build-
ing their support networks. These platforms target businesses seeking scalable solutions for
app development, with OutSystems catering to large enterprises requiring intricate integra-
tions and PowerApps offering a more accessible option for small to midsize businesses look-
ing to digitize workflows.

Understanding these nuances is crucial for organizations seeking the right LCNC
platform to meet their specific development needs and objectives. Whether it’s empowering
non-technical users to create web content, streamlining business processes, or building so-
phisticated enterprise applications, selecting the appropriate platform ensures efficient and
effective software development (Sanchis et al., 2020: 1-7).

Low Code and No-Code (LC/NC) technologies democratize software development,
letting users create applications and websites without deep coding knowledge. They use
models and languages to abstract complexity, speeding up development. OutSystems uses a
model-driven approach with visual tools and reusable components, allowing users to define
logic visually, boosting collaboration. PowerApps (Microsoft) also employs a model-driv-
en approach with visual tools and data connectors, letting users create custom applications
without coding. Mendix focuses on model-driven development with visual tools and reusable
components, simplifying app development and deployment. Bubble offers a visual devel-
opment model, allowing users to design web apps through drag-and-drop, with a propri-
etary language for logic and workflows. Webflow enables visual website creation with design
tools and templates, simplifying website development and customization. Flutterflow, utiliz-
ing Flutter framework, streamlines cross-platform app development with visual UI design
and Dart language for behavior definition (Valsamakis et al., 2020: 1-4). Zapier automates
workflows through a web interface, simplifying task integration and process automation with
rule-based logic. Tilda uses a block-based model for web page creation via a visual editor, fa-
cilitating rapid website customization without coding. Creatio specializes in CRM and BPM
solutions, employing a model-driven approach for process automation, enhancing business
efficiency visually. WordPress, acting as a CMS and website builder, offers a plugin architec-
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ture and template system for customization, with a visual dashboard for content management,
reducing the need for PHP coding. Understanding LC/NC models and languages is crucial for
leveraging their potential in driving innovation and digital transformation, making software
development more inclusive and agile (Bock et al., 2021: 733—-740).

The advent of Low-Code and No-Code (LC/NC) technologies has significantly re-
shaped the software development landscape, offering faster development times and accessi-
bility to non-technical users. However, along with their benefits, these platforms come with
their own unique challenges and limitations. LC/NC platforms often prioritize ease of use
over granular control, limiting customization options for complex applications (Sahay et al.,
2020: 171-178). Additionally, the abstraction layers inherent in these platforms can lead
to performance bottlenecks as applications scale up and integrating them seamlessly with
existing IT ecosystems remains a challenge, especially in complex enterprise environments.
While LC/NC platforms facilitate easy development and deployment, they may inadvertent-
ly increase data security risks due to novice users overlooking vulnerabilities (Cabot, 2020:
535-538). Moreover, ensuring compliance with regulatory frameworks demands meticulous
adherence during application development and deployment. Proficient utilization of LC/NC
platforms requires comprehensive training in platform functionalities and software engineer-
ing principles. Additionally, organizations must be cautious of over-reliance on vendors for
updates and enhancements, which can lead to dependency risks. Integrating LC/NC meth-
odologies requires comprehensive change management strategies to facilitate organizational
transition (Daniel et al., 2020: 15332-15346). Moreover, the democratization of application
development may lead to unauthorized deployment of unsanctioned applications, posing gov-
ernance challenges. Decentralized development across LC/NC platforms necessitates robust
governance mechanisms to ensure application quality. Orchestrating projects across diverse
platforms requires streamlined project governance frameworks. Staying agile in assimilating
emerging trends and technological advancements is essential for organizations leveraging
LC/NC technologies (Chang et al., 2017: 50-55). Additionally, strategic selection of plat-
forms requires vigilant evaluation of vendor lock-in risks. Assessing the long-term viability
of LC/NC platforms is crucial to mitigate operational risks. Robust community engagement
and vendor support are essential for platform adoption and sustainability. Understanding
these challenges is imperative for organizations and developers aiming to leverage LC/NC
technologies effectively in their software development endeavors (Hecht, 2019).

Conclusion

In conclusion, this thesis has investigated the transformative impact of Low Code
and No-Code (LC/NC) platforms within the domain of software development. Drawing from
the research of Frank, Maier, and Bock (2021), the discussion has centered on the inherent
productivity enhancements offered by conceptual models and the specialized modeling lan-
guages designed to facilitate their construction and implementation. These platforms have
been shown to democratize the development process, enabling individuals with varying lev-
els of technical expertise to create, adapt, and deploy software efficiently.

Reference models have been identified as a valuable means of streamlining the de-
velopment process, providing a template that encapsulates commonalities across a class of
systems while striving for an improved state of design. However, the development of such
models is not without its challenges, including higher costs and the uncertainty of returns on
investment, as well as the need for adaptability to meet specific requirements.

The synthesis of domain-specific modeling languages (DSMLs) with reference mod-
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els has emerged as a particularly potent approach, affording developers a significant reduc-
tion in effort and enhanced model comprehensibility. This synergy is conducive to the reuse
and adaptation of models, thereby expediting the development process and reducing the pro-
pensity for errors.

Model-Driven Software Development (MDSE) and the Object Management Group’s
(OMG) Model-Driven Architecture (MDA) have been explored as methodologies that bridge
the gap between conceptual abstraction and practical implementation. These approaches un-
derscore the importance of models as primary artifacts in the development process, advo-
cating for automated transformations and a unified representation that caters to both model
execution and system modification.

The comparative analysis of LC/NC platforms—including Tilda, Flutterflow, Cre-
atio, WordPress, and Zapier—has provided a comprehensive view of the diverse functional-
ities, use cases, and adaptability of these platforms. From website construction to complex
business process automation, these platforms offer a broad spectrum of capabilities, thus
enabling a wide demographic to engage in software development.

Ultimately, the examination of LC/NC platforms within this thesis underscores a
pivotal shift in software development paradigms. By reducing the technical barrier to entry,
these platforms are facilitating a new wave of innovation and inclusivity in technology cre-
ation. This shift is poised to have profound implications for the future of software develop-
ment, fostering a more collaborative, efficient, and user-centric approach to creating digital
solutions. The convergence of these platforms with traditional software development prac-
tices heralds a new era of digital transformation, one where the complexities of coding are
abstracted, and the focus is shifted to conceptual design and rapid deployment.
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Abstract. The article deals with the algorithm of the automated design of the upper
limb mechanical prosthesis with the use of the modern computer-aided design
system Autodesk Fusion 360. The main goal of recent world developments is the desire to
embody all the functions of a living arm or leg in a prosthesis. The vast majority of people
can only afford cosmetic prostheses, which not only do not restore the functions of the
human hand but are most often unaesthetic due to unfair execution. The prosthetics of
people with amputated limbs are an important part of medical and social rehabilitation.
Improving the quality of the prosthesis leads to a more comfortable life for the patient,
the development is aimed at increasing the capabilities of the prosthesis of the human
hand. Modeling the dynamic characteristics of prostheses for various purposes at the
design stage is an urgent task for designers: it allows to determine how effectively the
designed prosthesis will function in real conditions and take corrective action if necessary
to ensure correct operation, strength, and durability. The created three-dimensional
parametric dynamic model of the prosthetic arm can be used in the manufacture of modern
prostheses.
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Annoranusa. Makanaga Autodesk Fusion 360 3amanaym aBTOMaTTaHIBIPBHUIFAH
xkobanmay OIKyWeciH KOJJaHa OTBIPBII, JKOFApPFbl asSKTHIH MEXaHUKAIBIK IPOTE3iH
ABTOMATTaHJBIPHUIFAH JK00aJIay anropuTMi KapacThIpbiiraH. COHFBI QJNIEMJIIK JIaMYIIbIH
HETi3r1 MaKcaThI-IIPOTE3/Ie Tipi KOJIBIH HeMece asKTBIH OapiblK (DYHKIHMSIIAPBIH JKy3ere
aceIpyFa JIETeH YMTBUIBIC. AJaMIapIblH OachIM KOTIIUIINT KOCMETHKAIBIK TPOTE3IePIi
FaHa aja ajaJbl, oJlap aJaM KOJIBIHBIH (DYHKIHSIAPBIH KANIbIHA KEITIPIl KaHa KOHMan b,
COHBIMEH KaTap calachl3 OpBIHIANybIHA OalIaHBICTHI KOOIHECE JCTETHUKAIBIK €Mec.
AMIyTanysUIaHFal afaMaapabl nporesfiey MeluIMHANBIK KOHE JJIEYMETTIK OHAITY/IbIH
MaHb3Abl Oeuiri Oombin TaObIambl. [IpoTe3qiH camacklH apTTHIpy MAlMEHTTIH YKAMIIBI
eMipiHe oKeledi, JaMy aJaMHBIH KO ~ NPOTE3iHIH  MYMKIHTIKTepiH  KeHeWTyre
OarprTTanFad. JKoOamay Ke3eHiHAE OpTYpJi MakcaTTarbl MPOTE3ACPAIH ITUHAMHUKAIBIK
OHIMJIUTITIH MOJENbJey AW3aifiHepiiep YIIiH ©3eKTi MiHAeT Oosbim  TaObUIaAbl: Ol
JkoOalmaHFaH TPOTE3iH HAKTHl >KaFmaimapia KaHIIAIBIKTBI THIMII JKYMBIC 1CTCHTIHIH
aHBIKTAyFa KOHE KaKeT OOJIFaH JKarmaia IyphIC )KYMBIC icTeyiH, OEpiKTiri MeH OepiKTiriH
KaMTaMachl3 €Ty VIIH Imapainap KaObuigayra MyMKiHAIK Oepeni. Kon mporesinin
JKacallFaH YII OJIIeMIi IapaMeTpiiK IWHAMHUKAIBIK MOJENIH 3aMaHayHW MpOTe3aepmi
xKacayyia KoJjiaHyra 0omajipl.

Tyiiin ce3mep: Koraprbl asiK MPOTE3i, YIII oImeM i Moaensaey, dynamic Event
Simulation Moy, Autodesk Fusion 360 aBromarTanAbIpbUIFaH xo0anay xyieci
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AnHoTamus. B crathe paccMaTpuBaeTCs ajirOpPUTM  aBTOMATH3HPOBAHHOTO
MPOEKTHPOBAHUS MEXaHHYECKOTO IMPOTe3a BEpXHEW KOHEYHOCTH C WCIOJIH30BAHHEM
COBPEMEHHON CHUCTEMBI aBTOMAaTHU3MPOBAHHOTO NpoekTupoBaHust Autodesk Fusion 360.
OCHOBHOW TENBI0 TOCICTHUX MHUPOBBIX Pa3pabOTOK SIBISETCS CTPEMIICHHE BOIUIOTUTH B
MmpoTe3e BCe (PYHKIWMU >KUBOH pyKdH win Hord. [lomaBmistornee OOJBIIMHCTBO JFOCH
MOTYT TIO3BOJIUTH Ce€0€ TOJBKO KOCMETUYCCKHE TMIPOTE3bl, KOTOpPBIE HE TOJBKO HE
BOCCTaHABIMBAIOT QYHKIIMKA YEJIOBEYECKOW PyKH, HO W dHallle BCEr0 HEICTETUYHBI H3-3a
HEKaYeCTBEHHOTO HWCIONHeHUs.  [Ipore3upoBaHue Jrofed ¢ aMIyTUPOBAaHHBIMU
KOHEUYHOCTSIMM ~ SIBJISIETCSL  BaXXHOM  4acThIO MEIULUHCKON U COLIMAJIBHOI
peabunuranuu. lloBbIIeHMe KadecTBa MpOTe3a BeAeT K Oojiee KOMQOPTHOH IKH3HH
ManyeHTa, pa3padoTKa HaNpaBlIieHa Ha PACHIUPEHHE BO3MOXXHOCTEH MpOTe3a KHUCTH
YenoBeka. MojenupoBaHHe JUHAMHYECKHX XapaKTePUCTHK IPOTE30B  Pa3IMYHOTO
Ha3zHa4YCHUA Ha JTaIre IMPOCKTUPOBAHUSA SABJISICTCA aKTyaﬂbHOﬁ SaI[a‘-ICﬁ JUIsL
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npoekTupoBanus Autodesk Fusion 360
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KOMMVYHUKAIIMOHHBIX TEXHOJIOI'MU. 2024. T. 5. No. 20. Crp. 95-104. (Ha
anr.). https://doi.org/10.54309/1J1CT.2024.20.4.008.

Introduction

Thanks to modern technological developments and enormous scientific achievements,
a wide range of prosthetic products and a range of various adaptive and auxiliary equipment
are now available to people with physical disabilities. The main goal of the latest developments
is to make an artificial limb have all the functions of a living arm or leg.

Prosthetics for disabled people with amputated limbs is a crucial part of medical
and social rehabilitation and places high demands on the compensatory capabilities of the
patient’s physiological systems due to increased physical activity (Chui, 2019).
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The development of technical means to restore the ability of disabled individuals
to perform normal activities and self-care is a complex and largely unresolved issue. The
main difficulty lies in the lack of established principles for building control systems that can
effectively restore the functions of lost limbs to the required extent. (Schmidt, 2021). The
purpose of an ideal prosthesis is to perform complex and atypical tasks related to the disabled
person’s daily life; therefore, it must meet two main requirements: it must be functional and
aesthetically pleasing. Currently, the solution to the second issue has been achieved to a
satisfactory degree, while the first task still requires further advancement in accordance with
the current state of the art. This, in turn, highlights the need to develop and improve modern
prosthesis control systems (Savielieva, 2018).

The hand is a human intermediary in contact with the outside world. The hand is an
organ of labour in all kinds of professions. It executes human will in mechanical acts and in
mental experiences. The hand is the organ of touch, the organ of sight for the blind, and the
organ of speech for the mute. The hand is so closely connected with human thinking, feelings
and work that it has become an auxiliary part of our language. Everything that a person
cannot express, where they do not find words, is expressed by the movement of the hand - a
gesture (Kannenberg, 2017).

The loss of the hand is tragic. An unsurpassed instrument dies. But at the same time,
something more is lost: the most creative parts of the brain are brought to a standstill. Thus,
restoring the functions of the hand is an extremely important task for people who have lost
a limb. For the same reason, this task is also extremely difficult. First, the creation of a
prosthetic hand is a complementary process that involves the use of many fields of science:
mechanics, physiology, chemistry, electricity, etc. (Doyle, 2003). The second problem
of prosthesis development stems from the first: high complexity implies high cost. The
development of modern science makes it possible to restore most of the functions of the
hand in a prosthesis: to perform basic types of grasping, feeling touch, temperature, pain. The
control would be carried out directly by the brain through a system of contacts connected to
the relevant centers; a system of gyroscopes could create a sense of the hand’s position in
space (Kretchev, 2017). But such a device is currently too expensive.

The vast majority of people can only afford cosmetic prostheses, which not only do
not restore any function of the human hand but are often unaesthetic due to poor workmanship.
To date, most manufacturers still use 19th century technical solutions to design prosthetic
hands (Bai, 2024). The technology of manufacturing component parts is improving, and the
types of interaction between a person and a prosthesis are being improved, but since the
creation of the bioelectric control method, there has been no significant development in the
field of creating new principles for the construction of prosthetic hands and methods for
controlling the movement of actuators. And this is even though modern technology has made
significant progress in the field of biomechanical devices (Tsivilsky, 2019).

Upper limb prostheses are divided into two main groups: passive (cosmetic and
functional) and active (traction and myoelectric) (Beckerle, 2019). The problems of modelling
have always been relevant in the study of mechanical structures consisting of elements made
of different materials or having a complex geometric shape. A prosthetic orthopedic product,
regardless of its complexity, is considered by a prosthetist only in interaction with the human
musculoskeletal system (Fiedler, 2023).

Objectives. The aim of this study is to develop an algorithm for the automated design
of'a mechanical prosthesis of the upper limb using modern computer technologies. Improving
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the quality of the designed prosthesis leads to a more comfortable life for the patient, and the
development is aimed at increasing the physical capabilities of the human hand prosthesis.

Materials and Methods

1. Designing a finger flexion and extension mechanism. Prosthetics is the process of
reproducing the functions of a real organ. Therefore, the design of the prosthesis (mechanical
part) should begin with the analysis of the mechanical properties of the hand.

Using the decomposition method, we divide the human hand into two main blocks: the
four fingers (index, middle, ring, and little fingers) and the opposite thumb. This division can
be explained by the fact that the movements of the index, middle, ring, and little fingers can
be implemented by the same design (the only difference will be in the size of the phalanges).
The thumb, on the other hand, has somewhat different features and a different mechanism
must be used to replace it.

Next, we will draw up a structural diagram of the mechanism. We take measurements
ofthe bones, taking the axial centres of finger bending as the reference points. When measuring
the metacarpal part, we make a simplification: we assign the size of the entire metacarpal
bone to the metacarpal bone (Fig. 1).

90 50 30 20

[ , W

I1’SICTKOBA KicTKa danaHroBi KiCTKH: MPOKCHMAaJIbHA, CEPSIHST Ta
AHcTaIbLHa

Fig. I — Dimensions of the main links of the mechanism

The measurements were taken from a healthy human hand. This was done to ensure
that the prosthesis was identical to a living organ. This method is possible only in the case of
loss of one limb, measurements can be taken from the intact limb. In the case of loss of both
limbs, it would be necessary to use unified anthropometric data.

The next step in the design process is to analyse the movements and degrees of
freedom that will need to be implemented. Let us start with the distal phalanx.

In most modern analogues, the movement of the middle phalanx is synchronised with
the proximal phalanx. This is necessary for the cylindrical and ball grip, but not sufficient for
the hook grip. Thus, two modes of operation must be implemented for the middle phalanx:
synchronous with the movement of the proximal phalanx and independent.

The movement of the proximal phalanx is the most important in the formation of
most types of grips. We should use a separate actuator for it.

The thumb has only distal and proximal phalanges. The distal phalanx will move
synchronously with the proximal phalanx. The latter will be driven by an actuator. The
thumb also has one feature: it can change the plane of flexion of the phalanges. Analysing
its movements in most grips, we can conclude that it will be enough to change the angle of
the bending plane. That is, the thumb should rotate around an axis parallel to the direction of
extension of the other fingers.

Continuing our policy of full anthropometric compliance, we project all the
mechanical components of a living organ onto the components of the prosthesis. As a result,
we get all the necessary dimensions and patterns of formation of the hand as a mechanism.

When designing the prosthesis, we pay attention to the work already done at the
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previous design stage, so we unify some dimensions and refute the genetic differences
of the organ parts. This is necessary to simplify the production technology of the future
product, and we reduce similar parts to identical technological properties. Such concessions
will significantly reduce the cost of the final product. However, this does not apply to the
dimensions of the layout, i.e. those that form the overall picture of the human hand and are
typical for most individuals. Although this project is a compromise between functionality
and cost, as one of its goals is to reduce the latter, we would still like the prosthesis that a
person will receive after the design to be completely individual and, if possible, resemble the
lost limb as much as possible. That is why this uniqueness should be achieved by the overall
appearance, but not by the design features.

All the fingers except the thumb will have the same design of the mechanism and
individual parts. The difference in length will be achieved by varying the size of the proximal
and middle phalanx. The distal phalanx and most of the other small parts of the structure will
be the same, which will simplify their production. All other dimensions should be maintained
in strict accordance with the living organ, and the final shape should resemble a healthy hand
as much as possible (Fig. 2).

\
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Fig. 2 — Scheme for projecting individual brush sizes onto a drawing

2. Designing elements of a prosthetic hand in Autodesk Fusion 360. Designing a
three-dimensional model of the bone based on a mechanical design scheme involves the
distribution of the material volume of the future part. The basic rule should always be to
keep the design elements as simple as possible. That is, the future part should include as
few primitives as possible, be easy to manufacture (as cheaply as possible) and have a
clear structure for operation. But at the same time, each part must accurately reproduce all
functions; the parts that will replace the body of the phalanx must be sufficiently like the
phalanges of a living organ.

Let us illustrate the design process with the example of the middle phalanx. First,
based on the diagram of the mechanism, let’s distribute the thicknesses of the nodes to get a
picture of the overlap of the levers and main elements (Fig. 3).
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Fig. 3 — Thickness distribution of parts.

Analysing the image, we can say that the middle phalanx (shown in blue) for
attachment to the distal phalanx should have two lugs that will cover the thickness of the
latter. For attachment with the proximal phalanx, on the contrary, the middle phalanx should
have a narrower thickness to fit into the lugs of the former. At the same time, the thickness
in this place should be sufficient to accommodate the lever that transmits the force from the
drive located below. In the lower part, holes should also be provided for the supports that will
be used to attach the lever that moves the distal phalanx. It will be placed in the body of the
middle phalanx. Next, let’s build the profile of the part, which will consist of three primitives:
two circles and a quadrilateral (in the future, they will turn into cylinders and a quadrilateral
prism). The dimensions of the circles are taken from the measurements of a living organ in
the joint area.

Having the design dimensions and patterns, we move on to the Autodesk Fusion 360
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environment. First, you need to create a project that stores all the information: parts, models,
drawings that are relevant to the assembly drawing and are stored in different types of files. A
project description file is used to organise and manage these relationships between Autodesk
Fusion 360 files. Combining various 3D modelling operations, we create the final model of
the middle phalanx (Fig. 4).

During the modelling, it was necessary to follow several special rules. All operations
were orientated to the central plane, which made it possible to change the dimensions of
structural elements in the future by changing just one parameter, which is exactly the kind of
adaptive parametric design that Fusion 360 enables. The second rule served the same purpose
and consisted of the correct sizing of the sketches.

Fig. 4 — View of the finished 3D model of the middle phalanx.

3. Modelling the dynamic operation of mechanisms in Autodesk Fusion 360.
Modelling the dynamic characteristics of prostheses for various purposes at the design stage is
a very important task for designers: it allows them to determine how effectively the designed
prosthesis will function in real conditions and take corrective actions, if necessary, to ensure
correct operation, strength and durability.

The Autodesk Fusion 360 software package, which includes the Dynamic Event
Simulation module, allows you to effectively calculate any dynamic systems, i.e. design and
analyse the operation of various prostheses.

The process of modelling the dynamic operation of a prosthetic hand in Dynamic
Event Simulation is as follows:

1. In the standard Autodesk Fusion 360 workspace, you create ‘rigid’
subassemblies, which are groups of parts - phalanxes - that will move relative to each other
using components and joints.

2. In the Simulation environment, you specify the types of connection between
the components of the subassemblies from the available list (rotation, sliding, rolling, contact
interactions, springs, pushers, etc.).

3. Define the connection parameters (gravity, friction, damping, motion
constraints, external forces and moments) that will be applied during the simulation.
4. Start the simulation process - set the operating time and time of each step

(time sampling for analysis).
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5. Analyse the results - determine component positions, velocities, accelerations,
reactive forces, torques, driving forces and other parameters.
6. To determine the strength of components using the finite element method,

the data modelled in the Simulation environment is transferred to the Stress Analysis module
of Autodesk Fusion 360, where the deformation of parts, safety margins, and equivalent
stresses are determined.

Figure 5 demonstrates an example of dynamic modelling of a prosthetic hand
designed during the study.

Fig. 5 — Dynamic movement of the prosthetic hand

Results and Discussion

In today’s competitive world, it’s crucial to constantly improve your efficiency.
The productivity gains that result from modernising workflows in our core CAD software
are a key benefit of its highly customisable nature. Autodesk provides powerful APIs and
development kits (SDKs) that allow us to get more out of our Autodesk software investment
by adapting it to our business needs.

Autodesk Fusion 360 offers a rich API that can be used not only to enhance
existing product tools, but also to create entirely new features. We can automate repetitive,
time-consuming tasks as well as extend core functionality directly within the Fusion 360
environment. The API allows you to create your own tools and functions that integrate with
Fusion 360 to extend its functionality.

The Fusion 360 API is based on a REST interface and allows you to use modern
programming languages such as Python and JavaScript to create integrations and automate
processes. Python is one of the most popular choices due to its ease of use, wide range of
libraries, and active developer community.
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API (Application Programming Interface) stands for ‘application programming
interface’ and defines how a programmer can interact with the Fusion 360 environment. This
includes working with interface elements, automating design processes, creating customised
functions, and configuring tools. In other words, the Fusion 360 API allows you to create
commands and scripts to optimise the use of Fusion 360 in your work.

Software development companies, including Autodesk, often distribute sets of
libraries that you can use in your applications to utilize and extend the functionality of a
specific software product. These library sets are known as the product’s API. The type of
program you can create to interact with the software product and extend its functionality will
depend on the implementation details of its API and the range of features accessible through
the APL

Conclusions

As a result of the study, modern methods of designing upper limb prostheses
were considered. Using the Autodesk Fusion 360 computer-aided design system, a three-
dimensional parametric dynamic model of the hand prosthesis was created. In the future, this
model can be used in the production of modern prostheses to improve the quality of life of
patients.

Comprehensive information support for the medical and diagnostic process, along
with traditional methods of assessing the functional state of the disabled, can be seen as one
of the ways to improve the effectiveness of medical rehabilitation of amputees, which should
ultimately ensure the independence of the disabled in everyday life and their return to work.
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AnHoTanus. JXpUDKbIMAaUTBIH MYJIIKTI Oaranay canachlHAArbl 0ACTBI MACceJIeNnepIiH
O0ipi — VyJIKeH KelleMJeri akmaparThl OHIEY eKeHi aHbIKTangsl. CapanibliapabH
TOXIpHOECiHe HeTi3JeNTreH A9CTYpIli Oaranay oJicTepi IIEKTEYyJli XKOHE ajaM KaTelliKTepiHe
Oeitim Oosysl MymKkiH. Data Science KoJijaHy JepeKTeplli JKUHAY, TaJJay >KOHE OHJEY
MPOIIECiH aBTOMAaTTaHABIPyFa MYMKIH/IIK Oepeni, Oyl 1omipeK ®oHe 0OBEKTHBTI HOTHKEIEP
ajyra koJt amajbpl. Makasnana >KbUDKbIMANTBIH MYJIIKTI Oaranayra apHayiran Data Science
TEXHOJIOTUSCHIH 931IpJiey, COHBIH IIIIHJEC JCPEKTep/l Talijay, CTATUCTUKAIBIK SJIiCTep MEH
MallIMHAJBIK OKBITY 9JIICTEpiH MaiijiajaHy, ajJbIHFaH HOTHKEJIEep Heri3iHie Oarajiay MOJCIIH
Kypy Macenenepl KapacTblppUiFaH. JKbUDKBIMAaHTBIH MyJiKTI Oaranay MiHAETTEpiHIe
AHAJIMTUKAJIBIK OJICTEeP/l KOJJIaHYIbIH KOJJIAHBICTAFbl Tacuigepi 3eprreireH. OunapibiH
KOJIJIaHbLIYbIHA apHAJIFaH »aHa oJICTeMEe O3IpJICHII, YCBIHBUIFAH OJ[ICTEMEHI EHTi3Y/iH
OPBIH/IBLIBIFBl MEH KQXKETTUIIr HETI3Ae/Ii. OICTeMEH] MPaKTUKAIBIK ICKe achlpy OOMBIHIIIA
YCBIHBICTAp OepireH.
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AHHOTAUMs. YCTaHOBJICHO, YTO OJHOW M3 OCHOBHBIX MPOOJIEM B 0OJACTH OICHKU
HEJBMKUMOCTH SIBIIIETCS 00paboTka OonpImux 00beMOB WHGOpManuu. TpamurinoHHBIC
METOJbI  OLICHKH, OCHOBAHHBIC Ha SKCIIEPTHOM OIIBITC, MOTYT OBITh OIPAaHUYCHBI H
MOJIBEPKEHBI yenoBedecknM ormmokaM. [Ipumenenune Texnomoruii Data Science mo3BomsieT
aBTOMAaTU3UPOBAThL Tporecc cOopa, aHaimm3a B 00paOdOTKH MaHHBIX, YTO OOECIEeYUBACT
MOJIyYCHHE Oo0Jieeé TOUYHBIX M OOBEKTHUBHBIX PE3YNbTaTOB. B cTaThe paccMaTpuBaeTCs
paspabotka TexHomorun Data Science ms OICHKM HEIBIKAMOCTH, BKJIIOYAs aHAIN3
JIAHHBIX, HWCITOJIb30BAaHUE CTATHUCTHYECKHX METOJOB M METOJIOB MAITUHHOTO OOYYCHHSI,
CO37aHME MOJCIM OIEHKHM Ha OCHOBE TOJYUYEHHBIX pe3ylibTartoB. lccmemyrorcs
CYIIECTBYIOMINE TOIXOAbI K TMPUMEHEHUIO AHAIUTUYECKUX METOIOB B 3amadax OICHKHU
00BEKTOB HEIBIKMMOCTH. Pa3paborana HOBas METOIWKA WX MPUMEHEHHUS, 00OCHOBaHA
1[eJIeCO00Pa3HOCTh W HEOOXOJUMOCTh  BHEAPEHHS TPEATOKEHHOW METOMUKH. JlaHb
pPEKOMEHIAITNH TI0 TIPAKTUICCKOHN peaan3aiui METOIUKH.

KualoueBble  cjoBa:  TPOTHO3MPOBAHWE, MAIlIMHHOE  OOydYeHHE,  PBIHOK
HenBKHUMOCTH, Data Science

Jast uutupoBanus: K0.JI. Xnesna, A.O. bystoposa, A.O. Xnesnoit. MOJIEJIA U
NHOOPMAILIMOHHBIE TEXHOJIOTHMKM OLIEHKKW HEABMXXMMOCTU C UCIIOJIb-
30BAHUEM AJITOPUTMOB MAIIMHHOI'O OBYUYEHUMA. 2024. Vol. 5. No. 20. Pp.
105-117 (Ha anr.). https://doi.org/10.54309/1JICT.2024.20.4.009.

Introduction

In the modern world, the increasing volume of data and the growing need for its
analysis are becoming more relevant than ever. In the real estate sector, this
process is particularly significant, as property valuation is a critical step in various
processes, such as sales, purchases, rentals, and more. The development of Data Science
technology in this field can enhance the accuracy and efficiency of valuations, which, in
turn, can have a positive impact on the real estate market.

One of the main challenges in real estate appraisal is managing large amounts of
information. Traditional valuation methods, which rely on expert experience, can be limited
and prone to human error. By leveraging Data Science, it is possible to automate the processes
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of data collection, analysis, and processing, leading to more accurate and objective resu

Data Science methods can be applied to develop real estate valuation models
based on statistical analyses and machine learning. These models enable the prediction of
property values based on various factors, such as house size, the number of rooms, location,
the availability of amenities, and more. This approach ensures more objective and precise
valuations that take into account a wide range of factors. Automated algorithms and
software solutions can significantly reduce the time and effort required for valuation,
making the process faster and more efficient, while allowing more time for data analysis
and informed decision-making.

The use of Data Science methods in real estate valuation holds great potential for
improving the accuracy, objectivity, and efficiency of the appraisal process. Considering
the vast amount of available data and analytical capabilities, Data Science facilitates more
well-informed decisions regarding property purchases, sales, rentals, or investments. The
data analysis process relies on objective criteria and algorithms, minimizing the influence of
subjective factors or personal biases. This is crucial in real estate, where valuations can
often be subjective and influenced by the assessor’s personal opinions and experience.

Given the above, the development of Data Science technologies for real estate
valuation, including data analysis, the use of statistical and machine learning methods, and
the creation of valuation models based on these results, is a highly relevant and promising
area of research.

Material and Methods

An analysis of literary sources demonstrates that the application of data analysis
models is a crucial component of real estate valuation projects. Different models can
be utilized for various aspects of such projects, including data collection, processing,
and analysis.

For instance, in the study (Miroshnychenko et al., 2022), the authors explore
machine learning methods for developing models to predict the prices of suburban real
estate. They identify factors influencing suburban property valuation and build four
predictive models: linear regression, ridge regression, random forest, and XGBoost. A
comparison of results revealed that the XGBoost algorithm was the most effective
(RMSE = 67669.15, MAE = 47063.49, MAPE = 0.1034903). Compared to multiple
linear regression, it was concluded that the XGBoost model better explains the data,
providing a higher probability of accurately forecasting actual property prices.

In another study (Pashkevych et al., 2022), a statistical model was developed to
predict housing prices using linear regression. To evaluate the relationship between various
property characteristics, 3D modeling was employed. The authors performed data clustering
and testing on real-world data, achieving satisfactory predictive results. The model was
tested on real properties, achieving an accuracy rate of 76 %.

In study (Velytchenko, 2020), a neural network was built to estimate property
values. The author used both numerical and categorical attributes, as well as four
images of the property. The resulting mean absolute percentage error (MAPE) on the test
set was 17.52 %.

In work (Ivashchenko, 2022), the author compared two models for price prediction:
decision tree and random forest. While the errors appeared relatively large, this was
attributed to extreme deviations in predictions. The author noted that such deviations
should be considered in further research. The random forest model was found to deliver
more accurate and reliable predictions than the decision tree model.

In article (Khlevna et al., 2021), a variety of models were analyzed for predicting real
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estate market prices, including Lasso regression, Elastic Net regression, Ridge regression,
Gradient Boosting regression, and XGBoost. It was determined that aggregated models could
improve results. The best-performing model was an ensemble of Lasso regression, Extreme
Gradient Boosting, Elastic Net, and Ridge regression, achieving RMSE = 0.1091 and a
standard deviation of 0.0075.

Another intriguing approach, discussed in study (Quanzeng et al., 2017), involved
the use of image-based valuation. The authors investigated how visual features, reflecting
property characteristics, could aid in estimating property values. They developed algorithms
that relied solely on location and photo attributes. Recurrent neural networks were built and
analyzed, achieving MAE = 66.3 and MAPE = 16.11 % on one dataset, and MAE = 13.32
and MAPE =22.69 % on another.

In study (Yaroshenko et al., 2012), neural networks were also developed to assess
real estate, focusing on quantitative and qualitative attributes. The model utilized real estate
agency data over five months. The mean absolute error in predictions was 3.41 %. The
authors speculated that this error was due to an insufficient number of factors affecting price
formation.

In work (Alisha Kuvalekar, 2020), the authors collected data from various real estate
websites in Mumbai and applied methods such as SVM, Random Forest, Linear Regression,
Multiple Linear Regression, Decision Tree Regressor, and KNN. The best results were
achieved by the Decision Tree Regressor, with an accuracy of 89 %.

In article (Kintzel Joseph, 2019), models were trained on a triad of data types:
numerical, spatial, and image-based. Comparisons included models such as OLS, Neural
Network, Random Forest, and Gradient Boosting. The Random Forest and Gradient Boosting
regression algorithms performed best in predicting prices, with average error coefficients of
0.0758 and 0.0756, respectively. When combined with image evaluations (PCA-generated
features), Gradient Boosting further reduced the error coefficient to 0.0728. Neural networks
with PCA features had an error coefficient of 0.0930.

Finally, study (Kovpak et al., 2016: 56—60) explored a type of multiple regression
using dummy variables to describe the current condition and location characteristics of real
estate. The resulting average relative approximation error for the model was 11.72 %.

A range of specialized software and technologies is available for predicting real
estate prices, including web services and mobile applications. These programs offer users
a broad array of tools for analyzing the real estate market, such as access to historical price
data, visualization of geographic trends, and the ability to create forecasts based on various
machine learning models.

Many of these platforms integrate interactive maps, enabling users to explore
different neighborhoods and their market characteristics, such as average property prices,
price dynamics, infrastructure, and more. Some services also provide comparative analyses
of property prices across various locations and property types.

These technologies are not only helpful for investors and buyers in making informed
decisions about real estate investments but also serve as valuable tools for real estate agents,
enabling them to provide more objective and detailed information to their clients.

Notable Examples of Real Estate Technologies:

Zillow (https://www.zillow.com): One of the most popular real estate price forecasting
tools developed by an American real estate services company. Using an integrated algorithm,
Zillow estimates property values by considering factors like location, size, condition, and
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market trends. Forecasts are made for up to 12 months, incorporating county-level economic
data and property-specific details.

CoreLogic (https://www.corelogic.com): This service offers robust analytical tools
for predicting real estate prices at national, state, and metropolitan levels. It provides monthly
updates, with forecasts spanning up to 30 years depending on the subscription level. Data sets
are updated monthly, and results are published five weeks after the end of each month.

PropMix (propmix.io): Using a 25-terabyte database with diverse information,
including images, PropMix employs artificial intelligence and computer vision to analyze
real estate prices and generate forecasts.

Realyse (www.realyse.com): A UK-based platform providing detailed real estate
market insights, helping investors, developers, and agents make informed price forecasts. It
collects data from multiple sources and offers APIs or downloadable CSV files for forecast-
related information.

Redfin Estimate (www.redfin.com/redfin-estimate): An online tool leveraging a
variety of data sources to determine the approximate value of a residential property. Known
for its accuracy, with an average error rate of 2.06 %, Redfin Estimate uses MLS data from
recently sold homes to calculate current market values.

HouseCanary (www.housecanary.com): This solution predicts property prices—
both for individual homes and the broader market—over a period of up to three years using
machine learning and time series analysis. The platform also provides comprehensive
analytics evaluating market conditions, desirability, and stability.

State Property Fund of Ukraine (www.spfu.gov.ua): This service analyzes property
data by comparing multiple sources (Lun, OLX, contracts, reports) and provides official
valuation certificates. However, as of 2021, the system does not account for property or
apartment conditions, which can significantly affect valuations.

Features of Real Estate Technologies:

These tools utilize large databases containing information on market prices,
geographic data, historical transaction data, and other factors influencing property values.
Machine learning and Al algorithms analyze this data to produce highly accurate forecasts.

Limitations and Considerations:

Data Updates: Continuous updates are crucial to maintain accuracy. Real estate
markets are dynamic, with changes in transactions, legal environments, and other factors
affecting property values. Automated updating mechanisms are essential for these systems.

Market Focus: Most services target specific markets, such as the U.S. or U.K., due
to the unique characteristics and data availability of these regions. This geographic focus
enables a deeper analysis of local market conditions, providing more precise forecasts.

Cost Barriers: Accessing forecasts often requires paid subscriptions. For some users,
these costs may be prohibitive, limiting their ability to utilize these tools effectively. Moreover,
users might be reluctant to pay for a service they perceive as insufficiently valuable, creating
a barrier to widespread adoption.

Despite these limitations, such technologies play a pivotal role in improving the
precision and accessibility of real estate market analysis, benefiting investors, buyers, and
agents alike.

The analysis of the reviewed literature indicates that the best-performing models
are gradient boosting, random forest, and neural networks. Therefore, this study will focus
on these models using a new dataset. Additionally, one of the ensemble models (gradient
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boosting or random forest) with the best results will be selected, and a combined model with a
neural network will be developed to evaluate the potential for improving prediction accuracy
through this approach.

The aim of this research is to enhance the effectiveness of real estate price prediction
by formalizing data processing methods.

Results and Discussion

To predict real estate prices, the following models were selected for development:
gradient boosting, random forest, and neural networks.

Gradient Boosting is an ensemble machine learning method, a form of bagging,
which iteratively builds weak models to improve predictive accuracy. The goal of gradient
boosting, like any supervised learning algorithm, is to define a loss function and minimize
it (Trevor, 2017). This method is known for its high accuracy and is widely used in various
fields, including image recognition, time series forecasting, and recommendation systems.

The optimization function for gradient boosting is represented by the following for-
mula:

L(t) = 2= T(ys[57t(x0)+ Q(6), [1]

where

1 — loss function,

yi,['1 — the value of the i-th element of the training sample and the sum of the
predictions of the first t trees, respectively,

x; — feature set of the i-th element of the training sample,

[; — the function (in our case, a tree) that we want to train at step t,

[i(x;) — prediction on the i-th element of the training sample,

Q(f) — regularization of function f. Q(f) = yT + YAAllwl?, where T — number of tree
vertices, w — values at the leaves, and y and A — regularization parameters.

Using the Taylor expansion to the second term, the optimization function L(t) can be
approximated by:

L(t) = Y ="11(yi,[1; + gifi(xi) + 0.5hi%(xi)) + Q(L), (2]

where

gi = Ol(y;,[1)/01,

hi = 021(yi,['1)/02[ 1.

Since the goal is to minimize model error on the training set, the minimum of L(t)
must be found for each t.

Random Forest is also an ensemble machine learning method, similar to gradient
boosting, which employs a combination of multiple decision trees to develop predictions. It
is one of the most popular methods for classification and regression, known for its flexibility,
ease of use, and efficiency.

Neural Networks are a machine learning method inspired by the functioning of the
human brain. This method is based on the use of «neurons» — computational units that can
learn to recognize patterns in data.

In this work, a deep neural network will be constructed. This is a type of artificial
neural network with two or more hidden layers between the input and output layers. These
additional layers enable the network to learn more complex and abstract functions, translating
simple input data into more intricate structures. For example, in image processing tasks, the
initial layers may detect simple shapes, such as lines and circles, while deeper layers combine
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these simple shapes to detect more complex patterns, such as human faces.

Deep Neural Networks (DNN) are often associated with deep learning, a branch of
machine learning focused on using deep networks. The training process for deep networks
typically utilizes algorithms based on the gradient descent method, such as stochastic gradient
descent (SGD), RMSprop, Adam, and others.

The architecture of the constructed neural network is shown in Figure 1.

Fig. I - Neural Network Diagram

To activate the layers, the ReLU activation function was chosen, which has the
following mathematical formula:

f(x) = max(x, 0) [3]

For optimizing the training process, the Adam function was selected. Adam combines
the approaches of the AdaGrad and RMSProp methods. It also adjusts the learning steps
individually for parameters, taking into account the «history» of gradient changes on them
(Marusyk, 2019).

Let

v=B1v+(1—B1)d6,

s=p2s+ (1 —p2)do2,

Wy =w/(1 — B1n),

Sv=-sv/(1—B2"), [3]
where v and s are referred to as the first and second moment estimates, w, and Sy —
bias-corrected moment estimates. Then parameter changes occur as follows:

0=0-2Aw/3 +¢ [4]

Mean Squared Error (MSE) is used to calculate losses. This loss function computes
the square of the difference between predicted and true values and then averages these squares:

. [5]

To evaluate the obtained predictions and compare the mentioned methods, metrics
such as MAE, MAPE, RMSE, and the coefficient of determination will be used.

MAE is a metric for evaluating the accuracy of a predictive model. It calculates the
difference between predicted values and actual values, taking the absolute value of these
differences and averaging across all data points. MAE measures the absolute error of the
forecast, regardless of direction. The smaller the MAE value, the higher the model’s accuracy.

. [6]

MAPE is another metric for evaluating the accuracy of a predictive model. It calculates
the percentage difference between predicted and actual values, taking the absolute value of
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these differences and averaging the percentage across all data points. MAPE measures the
percentage error of the forecast. MAPE errors serve to evaluate the percentage deviation of
the forecast relative to the actual value. Typically expressed as a percentage, the smaller the
MAPE value, the higher the model’s accuracy.
[7]
RMSE is yet another metric for evaluating the accuracy of a predictive model.

It computes the square root of the mean squared error, which is the sum of the squared
differences between predicted and actual values, divided by the number of data points, and
then takes the square root of the resulting value. RMSE measures the root mean square
error of the forecast. The smaller the RMSE value, the higher the model’s accuracy.

Coefficient of Determination is a metric that measures how well the model predicts
actual data. It represents the ratio of the variation in model predictions to the total variation
in the data. The coefficient of determination ranges from O to 1, where a value of 0 means
the model does not explain any variation in the data, and a value of 1 means the model fully
explains the data variation. The higher the R-squared value, the better the model predicts the
data. However, this metric can be sensitive to overfitting and the number of variables.

- [8]

All these metrics are used to assess and compare the accuracy of predictive models.

The chosen programming language for implementing the described methods was
Python (docs.python.org/3.9). The decision to use this language was driven by its robustness
and widespread popularity in the fields of data analysis and Data Science.

The input data was decided to be sourced from a real estate information portal (riel-
tor.ua). The data was preprocessed and cleaned beforehand.

The XGBoost library was used to build the gradient boosting model. Experiments
were conducted with various parameter sets, but the best-performing parameters are shown in
Figure 2. A model was created to train on the training dataset using the fit method and predict
prices on the test dataset using the predict method.

model = XGBRegressor(

model.fit(X_train,

y_pred = model.predict(X_test)

Fig. 2 - Code snippet of the XGBoost model

The random forest model was built using the sklearn library. Experiments were also
conducted with different numbers of estimators, and ultimately, two hundred estimators were
chosen (Fig. 3).

model = RandomForestRegr

model.fit(X_train, y_train)

red = model.predict(X_test)

Fig.3 - Code snippet of the Random Forest model
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Similarly to the previous models, the best parameters were selected for the neural
network. In this case, attempts were made to use different activation functions (sigmoid,
linear, ReLU), various numbers of input and hidden layers, the number of epochs, and so on.

The Keras library was used for the construction. The code for building the model is

=(df[features].shape[1],)),

Dropout(

Dense(
Dropou
Dense(

Dropou

topping
del.fit(

Fig.4 - Code snippet with the neural network model

The approach of combining gradient boosting and neural network models opens up
significant opportunities for improving prediction quality. Since the gradient boosting model
has already demonstrated better results compared to the random forest, leveraging this model
in combination with neural network predictions can be a highly effective strategy.

The quality assessments of this combined model are presented in Table 1 and
compared to standalone gradient boosting.

Table 1
Quality Assessments of the Constructed Models
Model MAE MAPE RMSE R2 score
Gradient Boosting 39498.78 0.261 92911.20 0.81
Random Forest 38738.20 0.245 101943.28 0.77
Neural Network 49712.98 0.286 141427.70 0.56
Combined Model 10064.71 0.107 14337.08 0.99

To utilize the developed model, it was decided to create an information system,
specifically a web service for property valuation. To build a web service based on the
developed model, a user-friendly and intuitive interface needs to be designed. Users should
be able to easily input property details, such as location, area, number of rooms, and so on.

The concept of an information system for property valuation includes the following
components:

1. Database: This is the central element of the system, containing a vast amount
of information about real estate in Kyiv. It holds extensive data on the real estate market,
including apartment sales records. The database stores various apartment attributes used for
value estimation, such as location, proximity to the metro, area, floor, and the total number
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of floors in the building. These data points are stored in corresponding database tables and
are utilized for analyzing and predicting property values using machine learning models. The
database is continuously updated to include new apartment sales data and their characteristics,
ensuring the relevance and accuracy of valuations.

2. Analytical Tools: The information system should include analytical tools for
data processing and analysis, specifically using the predictive pricing model developed in
this project. This model analyzes apartment parameters stored in the database and uses them
to generate price forecasts. The predictive pricing model is maintained and enhanced with
the latest analytical methods and algorithms to ensure its accuracy and reliability. It can
be periodically updated based on new data to account for real estate market changes and
improve forecast quality.

3. User Interface: The information system must have a user-friendly and
intuitive interface. This could be, for example, a web application or service that allows users
to quickly and conveniently access real estate information, calculate property values, and
perform other actions.

The concept of a property valuation information system for the city of Kyiv can be
implemented by combining a database, analytical tools, and a user-friendly interface. This
system will simplify and make the property valuation process in Kyiv more objective.

Relational databases such as PostgreSQL, MySQL, or SQLite are commonly used
to store real estate data. They provide structured data storage with the ability to perform
complex queries while ensuring data reliability and consistency. Therefore, it was decided to
use one of these databases for this project, specifically a MySQL database.

The logical model of the database (Figure 5) represents the structure of the data and
the relationships between them without being tied to a specific database management sys-
tem (DBMS). It describes the structure of the database at the level of concepts and entities,
without focusing on technical implementation aspects. It includes entities, their attributes,
relationships, and keys—both primary and foreign.

Creating a web service for real estate price prediction that includes a form for
apartment price calculation opens up broad opportunities in various fields.

Firstly, it provides convenient access to predictions anytime and anywhere. Users can
access the service from any device with an Internet connection, such as a computer, tablet, or
smartphone. This allows users to access price forecasts even on the go or in places without
access to a stationary computer. The web service also features an intuitive and user-friendly
interface, enabling users to navigate and utilize its features quickly. The price calculation form
is straightforward and easy to fill out. Furthermore, users will be able to save the prediction
results or send them to their email for further analysis or comparison, making it convenient
to use the data in their work.
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Fig. 5 - Logical Database Model

Secondly, the price calculation form allows users to receive personalized predictions
by considering the unique characteristics of each apartment. Each parameter is crucial for
determining the property value, and users can freely adjust them according to their needs and
requirements.

This web service provides users with valuable information for making informed
decisions regarding the purchase, sale, or rental of real estate in the city.

The collected data from the web service can be used for further analysis of the real
estate market, allowing for the observation of trends and conducting research in this field.
For example, the data provided to users for price calculations can be aggregated and used for
market trend analysis. Alternatively, collecting data on real estate prices enables the analysis
of supply and demand in the market. This helps to understand which types of properties are
most popular among buyers and which areas have the highest demand.

The accumulated data can also be used to prepare analytical reports and market
condition summaries. This can be valuable for real estate agencies, urban planning
development, and other market participants.

Conclusion

Three models for predicting real estate prices were developed. These models included
gradient boosting, neural networks, and random forest. Each of these models was carefully
fine-tuned and trained using the prepared data.

After analyzing their performance, the best ensemble model was selected to construct
a combined model, which ultimately provided significantly better predictions than the
standalone models. This highlights the value of combining different models to improve the
accuracy and efficiency of predictions.

The combined model can be more versatile and precise in predicting real estate
prices, enabling better decision-making in the real estate market. A conceptual description of
the developed information system and database schema has been provided
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Abstract. Considerable progress has been made in the development of video analyt-
ics systems and individual image authentication technologies. However, challenges persist
in recognizing dynamic images due to the complexity and variability of real-world behavior.
Certain scenarios place particular importance on extracting information about the structure
and motion of objects within a scene, such as indoor video surveillance in crowded areas,
robotic system traffic control, and vehicle movement monitoring. For object tracking tasks,
current research and development focus on addressing the following practical challenges:
variations in scene illumination or image lighting conditions; noise generated by camera sys-
tems; objects that change shape over time; temporary disappearance of objects due to occlu-
sion by other objects; simultaneous movement of multiple objects with similar
characteristics and intersecting trajectories. In the field of object recognition, there remains
a pressing need for real-time algorithms capable of accurately identifying objects in
video frames despite interference or noise. Therefore, the development, refinement, and
analysis of algorithms for tracking and identifying objects in video footage continue to be
critical issues in the current stage of scientific and technological progress. The primary
objective is to develop, enhance, and study new algorithms for object tracking and
recognition in video data, considering distortions and interference. This effort aligns with
practical requirements for the effective operation of modern security systems.

Keywords: open-source computer vision, region of interest, background subtraction,
optical character recognition
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AnHoTanus. beiiHe aHanuTHKa XKyienepiH ®KoHe KECKIHHIH ay TeHTU()UKALUSICHIHBIH
JKEKe TEXHOJIOTHSUIAPbIH JIaMbITYAa aWTapibIKTaldl MpOTrpecKke Kol JKeTKi3inmi. Jlerenmew,
HaKTbl oJeMIeri MIHE3-KYJIBIKTBIH KYpACHUIri MeH e3repMenilirine OalinaHbICThI
JUHAMUKAIBIK OeiHenepai TaHy KHUBIHIABIKTaphl cakTananel. KeiOip cuenapuiinepue
ajaMJap KeIl UIOFbIPJIaHFaH ayMaKTapAarbl imKi OeifHeOaKbuIay, KOJIK KO3FaJIBICHIH
OackapyablH POOOTTHIK JKyHeci jKOHE KOJIK KO3FaJIbIChIH OaKblIay CHSKTBI KepiHicTeri
HBICAHAPbIH KYPBUIBIMBI MEH KO3FaJIBICHI Typasibl aKIapaTThbl ajyFa epeKiie MoH Oepiieni.
OOnbexTinepai Oakpuiay TancelpMaiapbl YIIIH aFbIMAAFbl 3€pTTEYJep MEH o3ipiemesiep
Kejecl NpaKkTUKAIBIK MiHAeTTepAl memyre OarbiTTanrad: KepiHic jKapbIKTaHIBIPY
HeMece KEeCKiHAI KapbhIKTaHIBIPY KaFaalnapblHIarel e3repicrep. Kamepa xyitenepi
TYIBIPATBIH IIy. YaKbIT ©T€ KeJie MilliHiH e3repTeTiH o0bekTinep. backa 3aTTapmen Oireny
callAapblHaH 3aTTapIblH YaKbITIIA XOFadybl. ¥Kcac CUIaTTaMmaiapbl >KOHE KUBUIBICATHIH
TpaekTopusiapel Oap OipHemre oObeKTiepAiH Oip Mesrinzge Ko3faubichl. OOBEKTIHI TaHy
calachlHIA KeJepri HeMece ILIybUIFa KapaMmacTaH OeiiHe Kaipiapaarbl OObeKTinepHi Iom
aHBIKTayFa KaOILMeTTI HAKTBl YaKbIT PEXKHUMIHJETI alTOPUTMIECPre KaXKETTI KaKeTTLIIK
cakTtananel. CoHObIKTaH, OelHekaz0amapaarbl OOBEKTLIEpHAl Kadarajnay >KOHE AaHBIKTay
AITOPUTMJIEPIH Kacay, HAKThUIAy >KOHE Tallay FBUIBIMU-TEXHUKAJIBIK MPOrPECTiH Kazipri
Ke3eHiHAe ©3eKTi Maceienep Oombin Kana Oepeni. Herisri makcar - Oypmananynap MeH
KeIEpTijepal ecKkepe OTBIPbIN, OeliHe aepeKTepAeri oOBEeKTiHI Oakpuiay *oHE TaHy YILUiH
JKaHa ANTOPUTMAEPII 93ipiey, jKakcapTy *oHe 3epTTey. byn Ky 3amaHayn Kayincizmik
JKYHeENepiHiH THIM/L KYMBIC icTeyiHe apHalIFaH MPAKTUKANBIK TalanTapFa COUKec Kelei.

Tyiiin ce3nep: Open Source Computer Vision, Region of interest, Background
subtraction, Optical character recognition
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AHHOTanUs. 3HAYUTENBHBIN Mporpecc ObUI JOCTUTHYT B pa3pabOTKe CHUCTEM
BHUJCOAHAIUTUKA ¥ TEXHOJOTHH ayTeHTH(PHKAIMH OTIENBHBIX u300paxeHwid. OmHAKO
MpoOJIeMbl C  PAclO3HABAHUEM JUHAMHUYCCKUX HM300pPOKEHUH COXPAHSIOTCS U3-3a
CJIOKHOCTH W HM3MCHYHMBOCTU IIOBCACHUA B pPCAJIbHOM MHUPC. Onpez[eneHHLIe ceHapmuun
MIPHUIAIOT 0CO00€ 3HAUYCHNE W3BICUCHUIO HHPOPMAIH O CTPYKTYpE U JBMKCHNN O0OBEKTOB
B TIpeJeNiax CIEHBI, HAPUMEp, BHYTPCHHEE BHJICOHAONIOICHUE B MHOTOJIIOTHBIX MECTax,
YIOpaBiIeHUE JIBKEHHEM pOOOTH3MPOBAHHBIX CHUCTEM M  MOHUTOPHHT  JBW)KEHUS
TPAHCTIOPTHBIX cpencTB. s 3amad orciexuBaHUs OOBEKTOB TEKYI[HE HCCIEAOBAaHUS U
pa3paboTKH COCPEIOTOUCHBI Ha PEIICHUN CICIYIOIIUX MPAaKTUISCKUX MPOOIIeM: H3MEHEHUS
B OCBCIICHHMU CHCHBI WJIN YCIOBHUAX OCBCHICHUA I/I306pa)KeHI/IH; rym, COSJIaBaeMBIP'I
cUCTeMaMi KaMmep; OOBEKTHI, KOTOpble MEHSIOT (hOpMy C TeUeHHEM BPEMEHH; BPEMEHHOE
WCYE3HOBEHHE OOBEKTOB W3-32 OKKIIO3UHM JAPYTUMH  OOBEKTaMH; OJHOBPEMCHHOE
JIBHYKCHUE HECKOJIbKMX OOBEKTOB CO CXOXKHUMH XapaKTCPUCTUKAMU U IMEPECEKAOIIUMUCS
TpaekTopmsiMU. B o0macTu pacmo3HaBaHUsS OOBEKTOB COXPAHSETCS OCTpas MOTPEOHOCTH B
QITOPUTMAX PEANTBHOTO BpPEMEHH, CIIOCOOHBIX TOYHO WACHTU(UIUPOBATH OOBEKTHI B
BUJICOKAIpaX, HECMOTPsST HAa MOMEXHU Wi myM. [Toaromy pa3paboTka, COBEPIICHCTBOBAHUE
Y aHaJW3 aJIrOPUTMOB OTCIICKMBAHHS W PAclio3HaBaHUS OOBEKTOB Ha BHIEOMaTepHaiax
OCTAIOTCS BAXKHEHIIMMHU 3aJ]ayaMH  Ha COBPEMEHHOM JTale HAayYHO-TEXHHUYECKOTO
nporpecca. OCHOBHOM MeNbIO SIBISIETCS pa3pa0dOTKa, COBEPIICHCTBOBAHUE W HM3YUYCHHE
HOBBIX aJTOPUTMOB OTCIIC)KMBAHWS W PACIO3HABAHMSA OOBEKTOB Ha BHAEOMATEepHaliaX C
Y4eTOM HMCKOKEHUH M MoMeX. JTa pabdoTa COOTBETCTBYET IMPAKTHUECKUM TpPeOOBaHUSM
3¢ (heKTUBHOM padOThl COBPEMEHHBIX CUCTEM 0E30M1aCHOCTH.
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Introduction
Billions of security systems are integral to the modern civilized world (Amirgaliev,
2012; Mukhanov et al., 2020: 31-37; Mukhanov et al., 2023: 16-27; Mukhanov et al.,
2023: 15-27; Kenshimov et al., 2021: 44—54). Monitors display a continuous stream of im-
ages, with many operators ensuring safety in airports, train stations, and other public spaces.
Surveillance has become one of the most crucial technical tools for ensuring security. Digital
image processing algorithms (Uskenbayeva et al., 2020: 1-6; Bazarevsky et al., 2019; Anna
Vidyanova, 2022) and computer vision technologies (Bilgin et al., 2019; Liukai et al.,
2022: 103364) play a critical role in modern security systems, enabling the real-time
monitoring of thousands of video channels.
The development of modern security systems is associated with the following key

challenges: . . . . .
o Detecting objects of interest in complex, dynamic backgrounds.

o Measuring spatial parameters and estimating dynamic characteristics of ob-
jects across sequential frames.

o Tracking objects over time.

o Classifying and identifying dynamic objects.

Among various recognition and classification tasks, one of the most critical and
pressing is the detection and classification of human faces (Guoxiang et al., 2023: 118912).
This problem has wide applications across multiple domains, particularly in security sys-
tems. Face recognition is utilized in areas such as verifying photos in passports and driving
licenses, controlling access to secure computer networks and office equipment, and monitor-
ing airports and train stations to prevent terrorist activities, among others. In most practical
scenarios, analyzing input images must occur in real time.

Modern algorithms achieve a high probability—greater than 90 % — of detecting
human faces in live video feeds with complex backgrounds. Among the most well-known
algorithms is the boosting-based method proposed by P. Viola and M. Jones in 2001 (Yeo et
al., 2013).

The aim of object tracking is to establish consistency between objects or parts across
sequences of frames, determine object trajectories, and calculate dynamic characteristics like
speed and direction of movement (Okan et al., 2019). In most practical applications, object
tracking must be performed in real time (Jaya Prakash et al., 2022). Automated object rec-
ognition is another critical area of computer vision (Whoi-Yul Kim et al., 2020). Successful
solutions in this field are essential for developing systems capable of intelligently assessing
their surroundings and taking appropriate actions.

However, in real-world systems, object recognition faces challenges such as distor-
tions caused by electronic device interference and compression of two-dimensional signals.
Addressing these issues effectively requires specialized digital image processing algorithms.
These include non-linear filtering algorithms, image restoration techniques, wavelet-based
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processing, and systems utilizing fuzzy logic, genetic algorithms, and neural networks.

Problem statement

Camera devices play a crucial role in gathering information and monitoring people,
their activities, and events (Chunyong et al., 2020). Among the most widely used technolo-
gies in modern surveillance are video cameras, thermal imaging cameras, and night vision
devices. Visual analysis of dynamic scenes, especially those involving human activity, is a
highly active research area in computer vision and artificial intelligence. This field has broad
applications for public order and security, such as access control, crowd movement analysis,
queue monitoring, human behavior detection, and more (Van Houdt et al., 2020).

The use of multiple cameras for dynamic scene observation provides enhanced capa-
bilities for detecting, recognizing, and tracking objects across image sequences. More impor-
tantly, it allows for better understanding and interpretation of object behavior. The primary
goal of such visual observation systems is to develop intelligent systems capable of replacing
traditional passive surveillance. This shift is essential as increasing the number of cameras
has proven inefficient due to the limited capacity of human operators. The aim is not merely
to position cameras strategically but to achieve highly automated monitoring with minimal
human intervention.

The processing subsystem of an automated visual surveillance system typically in-
cludes the following steps:

o Motion detection and object classification.

o Object tracking.

o Analysis and interpretation of behavior and activity.

o Person identification, including transitions between cameras and integration

of data from multiple sources (Dinh-Son et al., 2020).

Most visual systems begin with motion and object detection (Alejandro et al., 2022).
The goal of motion detection is to identify regions corresponding to moving objects and
separate them from static areas in the image. The quality of this step is critical, as it directly
impacts subsequent processes such as object tracking, behavior analysis, and recognition.
Motion detection typically involves background modeling and segmentation of moving ar-
eas, which may overlap with other objects during the process. The purpose of motion seg-
mentation is to identify regions corresponding to moving entities, such as people or vehicles
(Rehman Muneeb et al., 2021).

Identifying moving regions enables subsequent processes—such as tracking and
behavior analysis—to focus solely on areas of interest. After motion detection, the system
tracks these moving objects across image sequences, mapping them from frame to frame
using features like points, lines, and blobs.

Behavior analysis involves identifying patterns of movement and describing actions
or interactions between objects. For instance, it may be necessary to analyze human behavior
to determine whether it is normal or abnormal. Biometric features such as facial characteris-
tics and gait are increasingly used in visual surveillance systems for personal identification
(Rehman Muneeb et al., 2021).

Motion detection, tracking, behavior recognition, and remote identification can all
be implemented in systems using a single camera. However, systems with multiple camer-
as offer significant advantages by expanding the surveillance area and leveraging multiple
viewpoints to resolve issues like object occlusion. Nevertheless, multi-camera systems pres-
ent their own challenges, including optimal camera placement, calibration, view matching,
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automatic switching, and data fusion.

Video surveillance systems also face similar challenges as other machine vision ap-
plications, including changes in lighting, viewpoints, zoom levels, and object orientation.
Given these complexities, visual observation systems are often designed as a collection of
specialized algorithms tailored to specific objectives.

Materials and Methods

An example of an automated visual surveillance system
can be illustrated through the architecture of software designed for detecting and tracking
objects (Fig. 1.2).

Data . . Track
Input — —y| Pre-processing Segmentation [ [1;;1?;21] Tracking |—»
Video Acquisition Video
Figure 1.2: Block Diagram of Detection and Tracking
Object Detection

This stage identifies objects of interest for further analysis. It is a critical operation,
as the efficiency and accuracy of the detection algorithms directly impact the overall
system performance (Yeo et al., 2013; Okan et al., 2019; Jaya Prakash et al., 2022).

Object Tracking

This component tracks detected objects over time. Since object movement can be
unpredictable, not all frames in a video sequence will clearly display the objects, making
continuous detection challenging. Furthermore, object detection across an entire image at
multiple scales is computationally expensive, causing delays. Thus, tracking becomes an
essential system element, allowing continuous monitoring of the object’s position and size
without the need for detection in every frame.

Detection methods

Currently, methods for detecting moving objects can be grouped into four catego-
ries. These approaches can be explained with a focus on human face detection, though some
methods may overlap between categories.

1. Knowledge-Based Methods
These methods rely on rules derived from human knowledge about the typical structure of a
human face. These rules typically describe the relationships between facial features.

2. Invariant Feature-Based Methods
These algorithms identify structural features of the face that remain consistent under vary-
ing conditions, such as changes in head position, viewpoint, or lighting. These features are
then used to locate faces.

3. Pattern-Matching Methods
Standard templates representing a face or its features are stored. Detection is performed by
calculating the correlation between the input image and the stored templates.

4. Learning-Based Methods
Unlike pattern-matching methods, learning-based approaches use training data to generate
models. These models are trained on diverse datasets covering a wide range of facial varia-
tions and are then applied for detection.
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Table 1.1 Classification of methods for distinguish faces in fixed image.

Methods name Sample algorithms
Knowledge-Based Methods Large-scale rule-based methods
Texture patterns Grouping boundaries
Skin color segmentation Space Gray-Level Dependence matrix (SGLD) for template
Combinations of color, size, and shape face

A mixture of Gaussian functions
ombinations of color. size and shape

Pattern-Matching Methods Template form
- Predefined face templates IActive Shape Models (ASM)
- Deformable templates
Learning-Based Methods Among these approaches, Iearning-based methods are
- Eigenfaces considered the most effective for face detection. A notable
- Probabilistic models algorithm in this category is the boosting-based method
- Neural networks implemented in OpenCV

- Support Vector Machines (SVM)
- Naive Bayes Classifiers
- Hidden Markov Models (HMM)

The approach developed by P. Viola and M. Jones (Jaya Prakash et al., 2022) em-
ploys a machine learning process using an adaptive boosting procedure. Their algorithm
comprises three primary steps:

1. Feature selection using Haar-like features.
2. Training a cascade of classifiers using the AdaBoost algorithm.
3. Constructing a detection framework that efficiently scans an image for faces.

This algorithm has become a cornerstone of modern computer vision applications
and is widely adopted in automated visual surveillance systems.
The method for building a classifier using the Boosting algorithm
The complex classifier can be considered as a composition of simple threshold-type
classifiers. Let us denote a simple classifier as:
1L if pifi(x) <p;6;
hy(x) = . j=1.N,
0, in other cases (1)

where pj represents the direction of the inequality sign, 6j is the threshold, fj(x) is
the computed flag value, xxx is the input image, and NNN is the total number of features.
Let us consider the Boosting algorithm, which selects simple classifiers and combines them
to form a complex classifier. The training set is defined as X —{x ... x| }containing L
face images 24x24 pixel resolution and a training set X, =[x .. .x  ]containing M non-faces
images of the same resolution.

W=t V=t
TIM T2L ()
w . 1 v . nitial weight for training set of images of “faces” and

“non-faces” respeéfively. Then in a loop t=1...T, where T-number of selected simple classifi-
ers make the following operations:
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a) normalization of the weights:

W e Wy
6 I r
E}':l"'"r,j + E_;.-:: Ut =1 M:
Vi
S
E j=1“’h}' + E j=1 Ve,j =1 L (3)
b)calculation error classification:
M L
'17;-1:};;}1'_. B} = Z wmh{xm,f,p, '5.} +Z Vr.i [l - h{xp[,f,p, B]],
i=1 i=1 4)
c)selection of the classifier with minimal error:
hr{x} = h{xj forPes 'gr}; (5)

where fe:Pr H parameters, under which the error function 128} has a mini-
mum value;

d)adaptive update weights:
1-helaon, froeBr

Wesgi & Weiff, : i=1...M; (©)
helxp. froe Pt )
Vegrs & Ve, : i=1...L
where the coefficient update weights B, is determined by the following formula:
O (e Pe, B¢ )

Fe = 1—o.(fs Pr,'gr} 7)

The Boosting algorithm generates a simple classifier at each iteration, minimizing the
error relative to the current weight values assigned during the training process. After each it-
eration, the weights are updated to emphasize samples that were misclassified. Consequently,
the simple classifier for the next iteration is constructed to minimize errors on these misclas-
sified samples from the training set.

Figure 1.4 illustrates the first and second features selected by the Boosting algorithm,
shown within the detector window and overlaid on a typical face used during the training
process.

a) first selected feature
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b) second seeded sign

Figure 1.4: The First and Second Features Selected by the Boosting Algorithm

The first selected feature is based on the characteristic that the eye region is often
darker than the nose and cheeks. This feature spans a large area within the detector window,
making it less sensitive to variations in a person’s size or position. The second selected fea-
ture relies on the observation that the eyes are typically darker than the bridge of the nose.

The algorithm utilizes a detector window with a resolution of 24x24 pixels and a
scaling factor of 1.25 for the window.

The selected simple classifiers are combined into a complex classifier according to

the following rule: .

C(_r} — l;zﬂ:h:{x] = Q

t=1
0, B OCTANBHBIX (8)

where a,- coefficients of the linear combination, a Q- optimal threshold classifier,
which are calculated by the formulas:

_ 1 Q_lz
o, = nﬁrJ =3 .arr

The method of combining classifiers cascade structure

The structure of the cascade detector is shown in fig. 1.5. The cascade consists of
layers which are classifiers trained using boosting procedure.

Image

n—/>

Figure 1.5. The structure of the cascade detector

The cascade operates as follows: a moving image window is input into the first layer.
If this layer classifies the window as negative, the process exits, and subsequent layers are
not analyzed. If the layer classifies the window as positive, it is passed to the next layer for
further analysis. This process continues until either all layers are successfully completed with
positive classifications, or a layer classifies the window as negative, exiting the cascade.
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Given that the number of background image windows far exceeds the number of
windows containing objects of interest, this approach significantly enhances efficiency. The
processing speed increases by a factor of 10-20 depending on the image, without compro-
mising recognition quality.

Results and Discussion

Cascade Design Parameters

The structure of each stage in the cascade is determined by the specific requirements
set for it. The following parameters of the cascade are defined during development:

o The number of layers.
o The number of simple classifiers in each layer.
o The threshold value for each layer.

Target parameters are assigned to each layer. Layers are constructed using the Boost-
ing procedure, during which the number of simple classifiers in a layer increase until the
desired parameters are met.

During training, the dataset is divided into two subsets: a training set and a control
set. Simple classifiers are formed using the training set, while the required parameters are
determined using the control set. New layers are trained on negative instances that were
misclassified by previous layers, ensuring high generalization capability and a low error rate.

Algorithm Comparison

The described algorithm was compared with two well-known alternatives:

1. Support Vector Machine (SVM)-based algorithm.

2. SNoW (Sparse Network of Winnows)-based algorithm (Dinh-Son et al.,
2020).

On a test set of images, the SNoW-based algorithm achieved the best detection rate
of 87.3 %, outperforming the others. The Boosting-based algorithm followed closely with a
detection rate of 82.6 %, trailing the leader by 4.7 %. The SVM-based algorithm lagged sig-
nificantly with a detection rate of 62.4 %.

Regarding false detections:

o The SNoW-based algorithm exhibited the fewest false detections.
o The Boosting-based algorithm had slightly more false detections.
o The SVM-based algorithm had twice as many false detections compared to

the Boosting-based approach (Dinh-Son et al., 2020).

Performance Considerations

Although the Boosting-based algorithm demonstrated a slightly lower detection rate
compared to the SNoW-based algorithm, it offers several advantages. It operates significantly
faster and is more robust to various distortions, making it highly suitable for object detection
in video sequences.

Tracking objects

Object tracking involves addressing a variety of tasks:

o Recognition based on motion: Identifying individuals based on gait, auto-
matically detecting objects, etc.

o Automated monitoring: Observing scenes to detect suspicious activities and
abnormal events.

o Video indexing: Automatically annotating and searching videos in multime-
dia databases.
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o Human-Computer Interaction: Recognizing gestures, tracking gaze for data
entry into computers, and similar applications.

o Traffic monitoring: Collecting real-time statistics for immediate traffic con-
trol.

o Navigation: Planning routes using video data, including obstacle avoidance.

In its simplest form, tracking can be defined as estimating an object’s trajectory in
the image plane as it moves within a scene. Essentially, tracking algorithms assign consistent
labels to objects across video frames. Depending on the application, these algorithms may
also provide additional information, such as the object’s orientation, area, or shape.

Challenges in Object Tracking

Tracking objects comes with several challenges:

o Loss of information due to the projection of the 3D world onto a 2D image
plane.

o Presence of noise in images.

o Complex object movements.

o Lack of clear and distinguishable features.

o Partial or complete occlusion of objects.

o Objects with complex shapes.

o Variations in lighting conditions.

o Real-time operational requirements.

To simplify tracking, certain assumptions or constraints can be introduced. For in-
stance, many tracking algorithms assume smooth object movement without abrupt changes.
Additional constraints, such as constant velocity or acceleration based on prior information,
can also be applied. Prior knowledge about the number, size, appearance, or shape of objects
can further simplify the process.

Approaches to Object Tracking

A wide variety of tracking methods have been proposed, differing in how they ad-
dress key questions:

o How is the object represented for tracking?
o What features of the image are used?
o How are the object’s movement, appearance, and shape modeled?

The answers to these questions depend on the specific context and environment, as
well as on how the tracking information will be utilized. Numerous tracking methods have
been developed, each tailored to different scenarios.

The purpose of object tracking is to construct the trajectory of an object by identify-
ing its position in each frame of a video sequence. Tracking algorithms may also determine
the area occupied by the object at any given moment. Object detection and correspondence
between object instances in different frames can be addressed separately or together:

1. Separate Detection and Tracking: Object areas are identified in each frame
using a detection algorithm, and a tracking algorithm follows the object in subsequent frames.
2. Integrated Detection and Tracking: The object’s region and trajectory are

determined iteratively by updating its local position using information from previous frames.
In both approaches, objects are represented using shape models and/or appearance
models. The choice of representation influences the types of movements or deformations that
can be tracked. For instance:
o Point Representation: Only simple motion models are applicable.
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o Geometric Shapes: Ellipses or other shapes allow for parametric motion
models, such as affine or projective transformations.
o Contour-Based Representation: Best suited for objects with changing out-

lines or silhouettes, where both parametric and non-parametric models can be used.

The object’s contour defines its boundary, while the silhouette represents the area
within the contour.

Classification of Tracking Methods

Tracking methods can be classified as shown in Fig. 1.6. Examples of techniques
for each category are listed in Table 1.2. Below is a brief overview of the main categories of

tracking methods.
Object Tracking

Tracking of points Tracking of core ‘ Tracking of silhouette
- o On the base of Template

Det " Statistical On the base of | | p
etermimstic suc several views template Contour matching
Subspace usage Classificator

Methods on the base
of space state

Figure. 1.6. Classification of tracking

Table 1.2 Categories of methods tracking
Categories Examples

Tracking of points

Deterministic methods Modified Greedy Exchange (MGE)
Greedy Optimal Assignment (GOA)

Statistical methods Kalman filter
Joint Probability Data Association Filtering (JPDAF)
Probabilistic Multiple Hypothesis Tracking (PMHT)

Tracking of the core

Models based on the appearance of the pattern Mehod of the mean shift
and density distribution Algorithm of Kanade-Lucas-Tomasi (KLT)

Location of the layers
Multi species models appearance Tracking based on principal component analysis

Tracking based on support vector

Tracking of silhouette

The development of contour Models the state space

Variational methods

Heuristic methods
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Correspondence of the forms Hausdorff
Hough transform

Histogram
- In this approach, detected objects in consecutive frames are represented as

points, with their connections determined by the object’s previous state, including its posi-
tion and motion. This method relies on an external system to detect objects in each frame.
Examples of such implementations are shown in Fig. 1.7a..

[N
= AN A | A0
T

6) r)

B)

Figure 1.7: Various Approaches to Object Tracking
a) Point correspondence;
b) Parametric transformation of a rectangular region;
¢) Two examples of contour-based tracking.

The core represents the object’s shape and appearance. For instance, a rectangular
core or an elliptical pattern combined with a histogram can be used. Objects are tracked
by calculating the motion of the core across successive frames (Fig. 1.7b). This motion is
typically described using parametric transformations such as translation, rotation, or affine
transformations.

Conclusion

The development of tracking systems for video sequences is a key priority in the
field of computer vision. Numerous factors can distort the characteristics of an object across
successive video frames, disrupting continuous tracking. These factors include changes in
the object’s shape, size, color histogram, and lighting conditions. Such distortions can lead to
object loss and unreliable tracking performance. The system developed as part of this disser-
tation addresses these challenges by adapting to video properties and ensuring reliable object
tracking despite these variations.
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