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INTEGRATION OF ARTIFICIAL INTELLIGENCE TOOLS IN
PROJECT MANAGEMENT PROCESSES

INTEGRACIA UMELEJ INTELIGENCIE V PROCESOCH
PROJEKTOVEHO MANAZMENTU

Diana BEDNARCIKOVA*

Abstract:

The Fourth Industrial Revolution — Industry 4.0 is fundamentally changing
business processes and artificial intelligence (Al) is becoming one of its key
pillars. This scientific article analyzes the integration of Al into project
management processes in general and then with a focus on the PRINCE2
methodology. The main objective of the scientific article is to analyze the use of
digital Al technology in project management processes. The results confirm that
Al has application in all PRINCE2 processes, with the greatest benefit in the
Controlling a stage and Managing product delivery processes, where it makes
planning, monitoring and risk management more efficient. Despite the fact that
up to 80% of project management tasks are expected to be automated by 2030,
only approximately 22% of organizations have achieved full Al integration so far.
The research contributed to the creation of a systematic map of Al integration
according to PRINCE2 processes, to the identification of new skills for project
managers and to the addition of knowledge about the level of Al adoption in
business practice.

Key words:
Artificial Intelligence, Project Management, Process Management, Process of
Project Management.

Introduction

The era of the fourth industrial revolution - Industry 4.0 fundamentally
transforms business processes and digital technology Artificial Intelligence (Al)
is becoming one of its most important pillars. Al is considered a new type of
innovation and is defined as the simulation of human intelligence through systems

! Ing. DIANA BEDNARCIKOVA, PhD., Department of Strategy and Entrepreneurship,
Faculty of Management, Comenius University Bratislava, Bratislava, Slovakia,
diana.bednarcikova@uniba.sk.
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or machines that mimic human intelligence in cognitive abilities, learning,
memory, decision-making and action.

Al is a transformative force in various industries and also in project
management. The rapid development of artificial intelligence urgently requires an
understanding of how organizations can integrate it, especially in project
management, in order to improve performance and results (Almeida, Fernandes
& Santos, 2025). Raja (2025) points out that there is a lack of a systematic
approach to mapping AI/ML technology to specific phases and processes of
project management. A key challenge in the implementation of Al according to
Nillson from PMI (2025) is the lack of quality professionals capable of
implementing and managing Al solutions.

This scientific article fills the research gap focused on the development of skills
and training of project managers, which Nenni, De Felice & De Luca (2025)
pointed out and outlined as a direction for future research. Manager education is
crucial for the effectiveness and innovation of project management and the overall
enterprise. This article points to the use of Al in PM processes, which corporate
project managers can inspire and realistically implement in practice. Another
appeal for conducting this survey was the call from PMI (2025), which invites the
academic community to engage in a dialogue on the implications of Al for
management and organizational research, and this scientific article follows up on
their defined topics as:

I. Use and maturity of Al to develop better projects and improve project
management.

I1. Integrating Al tools into project and organizational processes to improve
project performance.

From the above facts, it is essential to know the integration of Al in project
management processes, and this scientific article focuses on the analysis of the
use of Al in project management processes.

1 Literature review

Project management is an integral part of the organization as a whole (Gray,
2018), an important part of management practice (Locatelli et al., 2023), and
according to Abaneme (2025), it is key to successful business. Leong et al. (2023)
point out that project management has become essential in today's fast-paced
industry, is now essential to running digital initiatives effectively, and in
companies of all sizes (from small and medium to large) people rely on project
management to complete their projects.

The Project Management Institute - PMI (2021) defines project management
(PM) as the application of knowledge, skills, tools, and techniques to project
activities to meet project requirements. According to PMI, PM refers to guiding
the project work to deliver the intended outcomes, and project teams can achieve
the outcomes using a broad range of approaches (e.g.: predictive, hybrid, and
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adaptive). Another practical definition from a methodological perspective is
provided by PeopleCert (2025), who defines PM in the PRINCE2 standard as the
application of methods, tools, techniques, and competencies. In addition to
definitions from project management methodologies and frameworks, there are
several academic definitions (Table 1) that reflect theoretical approaches and the
diversity of views in professional literature.

Table 1: Scientific definitions of the term "project management"

Autor Definition of the term
Olsson (2007) PM is a proven approach to influencing a wide range of
changes.
Venczel, Berényi | PM is the planning, organization, monitoring, and control of all
& Hriczé (2021) aspects of a project.
Chkhaidze (2023) PM is the application of knowledge, experience, skills, and

methods to project activities to meet needs and expectations.
Shoushtari, Daghighi & |PM is a complex process that requires careful planning,
Ghafourian (2024) execution, and control.

Jasim (2024) PM is an active, interactive process that uses appropriate
resources in an organized manner to achieve goals within a
clear strategy, and this process always has a set of clear rules
and conditions.

Younes (2024) PM is the application of specific knowledge, expertise, tools,
and approaches to deliver something meaningful to people.
Bilous, Zachosova & |[PM is the process of planning, organizing, implementing

Tupchii (2025) project activities, motivating project team members, and
controlling their results.
Abaneme (2025) PM is defined as the planning, execution, and monitoring of

projects to meet predefined objectives/success criteria while
adhering to specified time, budget, and scope constraints and is
crucial to successful business.

Source: own processing.

Wolniak (2022) states that PM is achieved through the application and
integration of project management processes, which include initiation, planning,
execution, monitoring, control and closure. The processes of project management
provide program structure, collaboration facilitation tools, task execution
methods, and best practices that take care of human and cultural aspects (Ogbaka,
2025). According to Frigenti & Comninos (2002), traditional project management
focused primarily on project management processes until their successful
completion. According to Can Yeten (2024), basic project management processes
are applied in specific phases of the project life cycle. This aspect is pointed out
by PeopleCert (2025) in the Prince2 methodology. Processes of project
management defined according to the PRINCE2® methodology take place in
individual management phases (pre-project, initiation stage, subsequent stage and
final stage) at the management levels: directing, managing and delivering.
PRINCEZ2, in its latest 7th iteration, defines processes according to the project life
cycle, such as:
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1. Starting up a project: the goal is to gather enough information to decide
whether it is worth investing in detailed project planning.

2. Directing a project: runs from project initiation to completion, with the
project board managing the project through reports at various decision
blocks.

3. Initiating a project: involves determining whether there is a justification for
continuing with the project, developing a business case, and allocating
resources by the project board.

4. Controlling a stage: describes the day-to-day management of the project,
and includes the monitoring and control activities performed by the project
manager, who must ensure that each stage remains on schedule and must
respond to unexpected problems.

5. Managing product delivery: ensures that the planned products are created
and delivered. This process controls the interface between the project
manager and the team manager (coordinating the area of work that delivers
one or more products).

6. Managing a stage boundary: provides the project committee with key
decision points where it can decide whether to continue or terminate the
project.

7. Closing a project: involves the project manager’s work in completing the
project — either at the end of the project or in the event of an early
termination. The project manager prepares information for the project
committee to confirm that the project can be closed.

Each level has specific responsibilities and activities that need to be performed at
different stages. (PeopleCert, 2025) PRINCE2 processes provide a good
theoretical basis for project management and can be adapted to any environment,
which is also highlighted by Dechange (2025). Other scholars such as Takagi et
al. (2024); Rahman & Ahmed (2024); Obeidat et al. (2024); Ndubuisi et al. (2025)
and Shasi & Ud Din (2025) also refer to the use of PRINCE2 processes. Another
theoretical basis for project management processes is provided by the PMBOK
GUIDE standard, which defines project management processes as: initiation,
planning, executing, monitoring & controlling and closing, as also pointed out by
Hornstein (2015).

Artificial Intelligence (Al) has become a transformative force in various
industries and in project management, according to Abaneme (2025). Al offers a
transformative approach that improves various aspects of project management
(Shoushtari, Daghighi & Ghafourian, 2024). Savio & Ali (2023) point out that Al
is a disruptive force, transforming industries, revolutionizing business processes,
and project management is one of the areas that has been significantly impacted.
In the context of project management, Al is described as a disruptive technology
with the potential to complement project management processes across sectors
(Raja, 2025). According to Almeida, Fernandes & Santos (2025), Al is rapidly
transforming the field of project management and offers new opportunities to

8
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support project managers and improve their performance. The integration of Al
Into project management, according to Vergara et al. (2025), transforms the way
projects are planned, implemented, and monitored. These transformational
changes are highlighted by Nenni, De Felice & De Luca (2025) and also Abaneme
(2025), who argues that the integration of Al technologies into PM practices has
the potential to revolutionize the way projects are planned, executed and
monitored.

The implications of recent developments, particularly the tools and processes
of large language models (LLM) and generative Al (GenAl), have led to a debate
about the validity and sustainability of the traditional role of project management
in managing the many complex challenges associated with adopting greater levels
of machine tools and processes (Leong et al., 2023; Hussain et al., 2023; Hughes
et al., 2025). The project management profession is currently undergoing a period
of transformational change as the discipline seeks to navigate the demands of
sustainable and ethically sound project management while responding to the
growing use of automated tools and Al technologies (Hughes et al., 2025).
According to Nenni, De Felice & De Luca (2025), the role of Al in project
management is multifaceted and expanding, and they further state that the areas
of application of Al for project management processes are primarily: computer
science, construction, business, management & accounting, decision sciences,
energy, economics, econometrics & finance.

2 Methodology

The main objective of the scientific article is to analyze the use of digital
technology Artificial Intelligence (Al) in project management processes.

Achieving the main objective required the fulfillment of the following sub-
objectives, namely:

e Theoretically define project management, including project management

processes.

e Theoretically define the issue of project management and Al.

e Analyze the areas of Al integration for the PM area in business practice.

e Define Al integration according to the classification of individual project

management processes.

The collection and selection of literary sources took place in scientific
databases, where sources were searched in the period from 2024 to 2025 (older
sources were included for referencing in relevant scientific publications). The
search for literary sources was carried out using keywords. The keywords for the
initial search were: “industry 4.0”, “project management”, ‘artificial
intelligence”, “process of project management”, and the abbreviation “Al”, which
were used both separately and in combination. Given that the databases in some
cases contained hundreds of thousands of documents, when processing the
literature review, we focused on peer-reviewed and freely available sources. The

9
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data presented in the analytical part came from secondary statistical surveys and
expert analytical reports that were published on expert portals in 2024 and 2025.
The analytical part also identified specific areas of use of Al in PM, advantages,
challenges and, last but not least, recommendations for businesses.

Several scientific methods were used in the preparation of the scientific article,

namely:

e abstraction - when generalizing findings from the literature review, results
of empirical studies and creating recommendations for business practice;

e analysis - when breaking down literature, methodologies (PMBOK
GUIDE, PRINCE2), as well as identifying project management processes
and areas of use of Al in these processes;

e deduction - when deriving possible implications of Al integration in PM
processes based on theoretical frameworks and current data;

e induction - when formulating conclusions from empirical and statistical
data;

e comparison - when systematically comparing methodologies;

e synthesis - when combining theoretical and practical knowledge into a
comprehensive framework for integrating Al into project management
Processes.

3 Results

Al is expected to become a key part of project management, automating most
tasks over the next decade.

Shalwa (2025) reports that the global market for Al for project management
will grow to $5.7 billion by 2028, with a 17.3% year-on-year growth rate. Gartner
research suggests that change is coming soon, predicting that by 2030, 80% of
project management tasks will be performed by Al.

Several studies demonstrate the use of Al in PM, as evidenced by the following
current state of Al integration in enterprise project management in terms of
statistical overviews and concrete use cases.

3.1Comparison of statistical studies on the use of Artificial Intelligence in
project management

In 2023, according to Tracy (2025) and the PMI Global Survey (2023), 21% of
project managers will always or very often use Al, and 82% of executives believe
that Al will significantly change the way projects are delivered over the next 5
years.

Nilsson (2025) from PMI, in his research on Al in project management, states
that:

e The use of Al agents is gaining importance, and 2025 will be “the year of

the Al agent,” according to Huang from Nvidia, a view shared by Deloitte
Insights, which predicts a sharp increase in the use of Al agents, with up to

10
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25% of enterprises using generative Al expected to deploy agents by 2025
and 50% by 2027,

More than 40% of project managers have had no training in Al;

74% of workers indicate that they blame employers for their lack of Al
skills;

60% of project managers are willing to innovate with Al, only 30% are
confident in their leadership’s readiness to implement Al strategies;

Only 22% of project management organizations have fully integrated Al
into their operations.

PMI (2025) further states that:

80% of project management tasks will be performed by Al by 2030;

86% of businesses rank Al and big data as the highest priority skills for
their employees;

Only 1% of organizations believe they have reached GenAl maturity,
according to PMI research.

Shalwa (2025) states that:

72% of project managers expect significant changes in their responsibilities
- 72% of project managers say it is very or extremely likely that Al will
change their roles;

80% of project leaders believe they will have more time for complex
management tasks when using Al tools;

GenAl can augment 28% of project manager skills, including methodology
and lifecycle management tasks;

Only 12% of organizations are using Al to a significant extent, while
technology companies lead with 34% Al adoption, with many businesses
still preparing or hesitant to integrate Al due to lack of resources;

22% of project managers report that Al tools are deployed and used in their
organizations today;

Only 12% of companies have adopted Al to a significant extent, and the
adoption rate is much higher in technologically advanced companies
(34%);

39% of project managers report that there are plans to deploy Al tools in
their organizations;

Companies expect to increase their investment in Al for their project
management function by 32%;

21% of business leaders report that deploying Al tools is not in their current
plans;

29% of project professionals feel unprepared for Al, while analytical
thinking is key;

85% of professionals believe that on-the-job training on Al is the best way
to bridge the skills gap;

11
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e 54% Dbelieve that Al will change the way work is organized, and 53%
believe it will increase project team agility.

The Association for Project Management, known as APM (2025), reports that:

e APM also found that 82% of those working on projects are using Al more
often than they expected five years ago, with only 18% saying they are
using it less often than expected.

e Comparative data between 2023 and 2025 also reveals growing optimism
about the use of Al in business. In the latest APM survey, 62% of
respondents believe that recent advances in Al will be very positive for their
industry/sector, compared to just 15% in 2023.

e However, nearly half (49%) of those project professionals using Al said
that technical knowledge and training were challenges they encountered,
among other issues including security/data protection (44% of
respondents), integration with organizational workflows (42%), and
inaccuracy/untrustworthiness of using Al at work (41%).

Changes in Al adoption in key sectors according to the APM (2025) within the

2023/25 census are presented in the following table 2. The data in the table shows
that between 2023 and 2025 there was an increasing rate of adoption and use of

digital Al technology in project management.
Table 2: Use of Al in project management from the perspective of enterprises in different
industry sectors

Industry Using Al in Al Planning to Not using or
Sector Rok projects adopt/apply Al _plannlng to
introduce Al
Construction 2023 15% 23% 63%
2025 75% 25% 0%
Engineering 2023 35% 38% 27%
2025 73% 27% 0%
Financial 2023 23% 48% 28%
Services 2025 66% 34% 0%
Transportation | 2023 36% - -
2025 71% - -

Source: own processing according to APM (2025).

Across all of the sectors (construction, engineering, financial services, and
transportation), there has been a sharp increase in the number of companies
actively using Al in PM, with the largest increase in construction (from 15% to
75%). Al is becoming a must-have, with data indicating 0% non-use and no plans
to implement Al in 2025 across all sectors surveyed where data is available. There
has also been a decrease in planned adoption and deployment of Al, signaling that
organizations have moved from planning to actual use of Al in PM.

Feshchuk (2025) from Tracy states that:

e Automation through bots can increase team productivity by 30%, especially
in the context of project management.

12
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e ML can increase the accuracy of risk prediction by 70-80%, especially in
data-rich industries such as construction or IT.
3.2 Examples of integration and use of Al in project management processes

The primary integration of Al in project management processes, according to
Ghimire, Sagri & Vikstrom (2024), is illustrated in Figure 1.

CLOSING PROJECT OR PHASE 23 | 22 | 20 |4

PERFORMING AN INTEGRATED CHANGE CONTROL ) 18 | 30 | 26 | 10 |
MONITORING AND CONTROLLING PROJECTWORK [ 15 | 22 | 3 | 13 |
DIRECTING AND MANGING PROJECTWORK I Aeln
MANAGING PROJECT KNOWLEDGE [ 24 | 29 | 24 |3

DEVELOPING APROJECT MANAGEMENT PLAN [ 13 | 3 | = 3 | 8 |
DEVELOPING APROJECT CHARTER 18 | 20 | = 34 | 8 |

® Don't Know Very low effect W Low effect m Mediumeffect #Higheffect o Veryhigh effect
Figure 1: The Impact of Artificial Intelligence on Project Integration Management Processes,
Source: Ghimire, Sagri & Vikstrom (2024)

The most significant effects with high and very high impact were observed in
the processes: monitoring and controlling project work (49%), developing a
project management plan (44%), and developing a project charter (42%).
Conversely, no effect of Al on PM processes is seen in: performing an integrated
change control (16%), managing project knowledge (15%), and developing a
project charter (15%).

Specific examples of Al use in PM according to Nilsson (2025) from PMI are:

e Al tools are increasingly being used to monitor performance and interact
with clients within project management.

e StoryLab.ai improves stakeholder management by enabling personalized
communication, proactive engagement, and data-driven decision-making,
thereby improving relationships.

e Similarly, itdart.com highlights the role of Al in real-time sentiment
monitoring, helping project managers anticipate concerns and improve
engagement for better results and efficiency.

e Key Al innovations for agile and hybrid project management in 2024
include Al-powered decision-making, automation of routine tasks,
improved collaboration, predictive analytics, and integration with agile
tools.

Shalwy (2025) cites examples of Al applications in enterprise PM as:

e Automation, predictive analytics, and Al-driven insights are changing the
way managers allocate resources, assess risks, and lead teams.

13
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For example, Al tools can automatically analyze risks, allowing managers
to prioritize stakeholder alignment or innovation.

Automating repetitive work (e.g., meeting scheduling) allows managers to
focus on high-impact tasks, such as resolving team conflicts or optimizing
budgets.

GenAl helps with time-consuming processes such as creating project
schedules or allocating resources, allowing managers to devote 28% more
effort to critical thinking and problem solving.

Sectors such as technology and finance are among the first to use Al for
tasks such as predictive analytics (e.g., predicting delays in software
projects) to stay competitive.

Technology companies (e.g., SaaS startups) are using Al to optimize
resources in real time, while industries such as manufacturing are lagging
behind due to outdated systems or training costs.

For example, companies in healthcare or construction are piloting Al for
risk assessment tools to improve safety and shorten the timeline of complex
projects.

Desai (2025) states that:

Al saves time by handling simple tasks such as planning, reporting, and
work allocation, allowing managers to focus on larger goals.

Improves decision-making through real-time data analysis, predictive
insights, and risk detection, allowing teams to stay on top of developments.
Al tools facilitate better communication through chatbots and intelligent
assistants, keeping teams informed of current status and providing
immediate responses.

Project managers remain central — Al acts as a support system, not a
replacement, and provides managers with data-driven insights.

There are a variety of Al solutions, including chatbots, predictive analytics,
and process automation tools, each tailored to the needs of a different
project.

In the future, Al in project management will include voice assistants,
improved application integrations, and proactive tips to prevent problems
before they arise.

According to SuperAGI (2025), enterprises can apply Al in PM in:

Schedule planning, which creates realistic time schedules with greater
accuracy based on historical data analysis;

predictive analytics, by identifying potential delays, deviations and risk
points in a project before they occur;

automating routine tasks such as assigning tasks, sending alerts and
updating project data without human intervention;

optimizing resource allocation, where Al assigns appropriate resources to
tasks based on performance indicators, availability and priority;

14



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktdber 2025

Increasing the accuracy of time and cost estimates, eliminating subjective
biases in planning;

supporting  real-time  decision-making,  where Al  provides
recommendations based on ongoing analysis of project data;

using natural language - Natural Language Processing (NLP) for more
efficient task assignment, communication and information retrieval through
chatbots;

reducing human error rates, in some cases by up to 99.9%, which increases
the reliability of planning;

increasing the rate of successful project completion, as Al helps eliminate
delays and inefficient use of resources;

schedule planning, which creates realistic time schedules with greater
accuracy based on the analysis of historical data;

predictive analytics, by identifying potential delays and deviations.

Takyar (2025) states that enterprises can use Al in PM for:

Task automation and scheduling: Al assigns tasks to team members based
on their skills and availability, and dynamically adjusts the schedule as the
project progresses.

Decision-making: Al processes large volumes of data and provides managers
with recommendations that support innovative and rapid decision-making.
Predictive analytics for risk management: Based on historical data, Al
identifies risks, reduces errors by up to 40%, and helps to adhere to the
schedule.

Resource allocation optimization: Al allocates people, materials, and
equipment based on priorities, thereby reducing team overload and
increasing efficiency.

Increased productivity and efficiency: By automating routine activities (e.g.,
emails, notifications), it allows teams to focus on strategic tasks.

Cost estimation and budget management: Al creates more accurate budgets
based on historical data and risk scenarios, which improves financial control.
Time tracking and performance monitoring: Al tracks team performance in
real time and helps identify bottlenecks or project phases that are causing
delays.

Stakeholder sentiment analysis: NLP analyzes emails, messages, and
surveys to determine the mood of stakeholders — positive, negative, or
neutral.

Document management and knowledge retrieval: Al automatically tags and
sorts project documents, speeding up searches and ensuring up-to-date
versions.

Error reduction and project quality improvement: Al predicts errors before
they occur and recommends corrections, increasing the quality of
deliverables and schedule reliability.
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Project forecasting: Predicts completion dates, resource needs, and potential
Issues based on past projects.

Examples of Al in PM of selected companies in the world are given by Takyar
(2025), and they are:

Microsoft: integrates Al into its PM processes to automate repetitive tasks
and improve project results by: automatically generating project schedules,
identifying potential risks, and supporting effective collaboration through
recommendations for solutions to project challenges.

Google: uses Al to automate operations, analyze data patterns in Google
Sheets to predict project performance, and support team communication
through translation and transcription tools in Google Docs.

Salesforce: uses Al to identify potential customers, recommend strategies for
successful business closing, and in customer service, where it helps solve
problems and offer solutions in real time.

IBM: uses Al within its project management processes to automatically
assess risks, generate strategies to mitigate them, and drive data-driven
decision-making, which contributes to the overall optimization of project
Processes.

4 Discussion

The theoretical and analytical parts of this article show that Al is a key element
of PM, and it can be integrated into all PM processes.

Activities where integration and use of Al in project management processes
according to PRINCE?2 is possible are listed in the following table 3 and represent

recommendations for project managers and also for businesses in general.
Table 3: Specific examples of integrating and using Al in PM processes according to

PRINCE2
PM
processes
according Specific integration and use of Al
to
PRINCE2
Starting up| * Collect and analyze historical data to estimate costs and time.
a project » Predict risks before planning begins.
 Automated business case evaluation.
» Design initial scenarios and alternatives using simulations.
» Automated summary of stakeholder needs based on input data.
 ldentify project goals using NLP analysis of documents and
communications.
Directing * Process data, provide insights and recommendations for strategic
a project decisions in real time.
* Use chatbots and assistants for ongoing communication with the project
board.
 Automatically generate decision-making dashboards/reports.
* Predict the impact of changes in scope, cost, or schedule.
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 Simulate alternative scenarios based on data.
« Support adaptive decision-making when unexpected events occur.
* Analyze stakeholder sentiment for better feedback.

Initiating
a project

* Generating a business case through predictive data analysis.

* Predictive modeling of possible project development scenarios.

* Identifying key risks, their financial impacts and proposing strategies to
mitigate them.

* Generating a draft schedule and budget based on historical data.

* Estimating costs, resources and time based on similar projects.

* Designing a project plan and allocating resources according to priorities.
» Automated processing of project documentation.

Controlling
a stage

* Real-time monitoring of team performance and task progress.

» Creating automated reports and alerts on performance, fluctuations,
delays or budget overruns.

* Continuous risk analysis and suggestions for corrections.

» Stakeholder sentiment analysis (NLP — email, message and feedback
analysis).

* Generating dashboards and visualizations of stage performance.

Managing
product
delivery

» Automate task assignment based on skills and availability.

* Use chatbots and virtual assistants for team communication.
* Control the quality of outputs using Al systems.

* Predictive planning of product delivery dates.

* Reduce error rates during product handover.

* Optimize resource allocation and workflows.

* Track task completion and their interdependencies.

« Automate the creation of reports on the status of deliveries.
» Automate reminders and notifications for teams.

Managing
a stage
boundary

» Create success analysis and predictive reports on the progress of the
phase/next stage.

* Automatically evaluate the performance of the previous phase.

* Generate recommendations for decision support - whether to continue,
modify or terminate.

* Create overview reports for the project board.

* Automate updating plans based on findings from the previous stage.

Closing
a project

* Generating final reports, final reports and other documents.

* Analyzing project success and deviations.

» Using NLP (Natural Language Processing) to process feedback.

» Knowledge management - storing and sorting documentation for future
use.

 Automatic evaluation of KPIs and project success.

* Analyzing "lessons learned" using NLP from team communication.

* Archiving project documentation using Al search and categorization.

* Identifying success/failure factors for future projects.

Source: own processing.

The key challenges in Al adoption for enterprises identified by PMI in 2025

are:

e Lack of skilled professionals capable of implementing and managing Al
solutions.
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e Leadership trust and organizational resistance to Al adoption, as leadership
hesitation and internal resistance slow down the pace of change in
organizations.

e Limited impact on soft skills areas, where Al has difficulty addressing
aspects such as stakeholder management.

o Slower adoption of Al in agile and hybrid methodologies, indicating the
need for Al solutions tailored to these approaches.

e FEarly maturity of Al in project management: The technological maturity of
Al in the field limits its wider implementation.

Although there are challenges in integrating Al in PM that discourage
enterprises, the benefits outweigh them. The benefits of Al in PM are pointed out
by Shoushtari, Daghighi & Ghafourian (2024) and they are divided into: improved
project planning, real-time project monitoring & alerts, enhanced efficiency,
improved communication & collaboration, improved risk management, predictive
analytics, better decision-making. SuperAGI (2025) states that companies that
implement Al have advantages in: increasing productivity, reducing human error,
accelerating schedule planning, increasing the accuracy of time estimates, better
allocation and utilization of resources, increasing the rate of successful
completion of projects, better support for real-time decision-making, increasing
ROI and reducing costs. Shalwa (2025) states that Al fundamentally changes the
responsibilities of project managers by reducing the burden of administrative
tasks and increasing their focus on strategic decision-making; streamlining
processes, improving decision-making and optimizing team performance. This is
also supported by the following statistics from Shalwa (2025):

o 41% of experts report significant improvements in project execution since
adopting Al-based tools and techniques.

e Al streamlines workflows — for example, automating resource allocation in
manufacturing projects reduces delays by 20%, ensuring on-time delivery.

e 75% of experts say that complex projects are very or extremely likely to
benefit from Al compared to simple projects.

e In software development, Al predicts coding bottlenecks early, allowing
teams to reallocate developers and avoid costly delays in multi-phase
projects.

e Large Language Models (LLMs) help the least experienced employees the
most. Research shows that less experienced employees showed a 43%
performance improvement when using LLMs, compared to only a 17%
improvement for more experienced employees.

e Young analysts using LLMs can produce client-ready reports in half the
time, closing skills gaps and accelerating their contribution to high-stakes
projects.
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According to APM (2025), the benefits of Al in PM, according to project
professionals using Al (statistics in parentheses represent the share of project
professionals):
task and planning automation (50%),
resource allocation (50%),
risk analysis and forecasting (50%),
reporting and dashboarding (49%),
stakeholder communication (43%).

APM (2025) also points out the positive impacts that project professionals most
expect from Al are (values in parentheses represent the share of project
professionals):

o freeing up time for project professionals to work on more strategic areas of

work by completing administrative tasks (49%),

e performing more accurate data analysis (43%),

e performing decision support (42%),

e producing more consistent and/or timely reports (40%).

Conclusion

Project management is an integral part of management practice and is a key
factor for successful business in a modern environment. In today's dynamic
business environment and the current era of Industry 4.0, project management has
become an indispensable tool for effective change and innovation management in
all types of businesses, regardless of size and focus. PM is defined by PMI as the
application of knowledge, skills, tools, and techniques to project activities to meet
project requirements.

Given that Industry 4.0 is causing transformative changes in businesses related
to the integration of Artificial Intelligence (Al) into business processes - including
project management processes. Al has become a disruptive technology that
fundamentally changes the way projects are planned, implemented, and
monitored. The theoretical basis in this scientific article confirmed the important,
multifaceted, and interdisciplinary role of Al in PM, which has also been
confirmed in practice.

The analysis of the literature and available data confirmed that Al can be
applied in all processes according to the PRINCE2 methodology — from the
Starting up a project phase to Closing a project. Al has the greatest benefit in the
Controlling a stage and Managing product delivery processes, where it enables
automated performance monitoring, report generation and predictive risk
analysis. On the contrary, a lower but still significant effect is seen in the
Managing a stage boundary and Closing a project processes, where Al facilitates
the evaluation of results and the summarization of experiences. These findings
correspond with several scientists who point to the growing importance of Al for
the control and decision-making phases of projects. The results of the studies
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show that although up to 80% of project management tasks will be automated by
2030, only approximately 22% of organizations have fully integrated Al so far.
The main obstacles include the lack of qualified experts, poor management
readiness and concerns about the credibility of Al outputs. Despite these barriers,
it is expected that with the continued technological advancement and the
increasing availability of Al tools, its adoption in enterprises will grow rapidly.
Companies should not perceive Al as a replacement for the project manager,
but as a support system for qualified decision-making, planning and streamlining
of processes. Key recommendations include defining the use of Al in PM
processes (listed in Table 3) and in addition, companies should:
e create internal strategies and ethical frameworks for the use of Al;
e invest in the education and development of Al competencies of project
managers;
e strengthen collaboration between IT departments and project teams;
e systematically evaluate the benefits and risks of implementing Al in all
phases of the project.
The research gaps identified in the introduction were filled as follows:
e a systematic map of Al integration according to the PRINCE2 processes
was created, which eliminated the lack of a methodological framework;
e the research contributed to understanding the changing skills of project
managers needed to work with Al;
e the missing knowledge about the adoption rate of Al in practice was filled.
This fulfilled the key research objectives and expanded knowledge about the
opportunities and challenges of integrating Al in project management.
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GLOBALNE HODNOTENIE VYZNAMNOSTI PREMENNYCH
V MODELI XGBoost!

GLOBAL FEATURE IMPORTANCE EVALUATION IN
XGBoost MODELS

Andrej BEDNARIK*

Abstrakt:

V tomto prispevku predstavujeme systematickd analyzu vyznamnosti vstupnych
premennych v regresnom modeli vyuzivajucom algoritmus XGBoost, pri¢om
model bol dopredu optimalizovany s oh'adom na hyperparametre. Cielom prace
je preskumat’, ako upravené nastavenia modelu (napr. podet stromov, hibka,
mierka vzorkovania) ovplyvnia poradie a hodnoty vyznamnosti premennych
konkrétne metriky Gain a Weight. Vysledky su kvantifikované pomocou
vizualizacii, ktoré ukazuju aké premenné zohravaju rozhodujucu rolu vo findlnom
modeli a ako robustny je ich prispevok vo¢i zmene parametrov. Zistenia su
zaroven vyuziteIné aj vo vyucbe predmetov Nezivotné poistenie a Aktuarske
prediktivne modely ako prakticka ukazka vplyvu optimalizacie hyperparametrov
na interpretaciu vyznamnosti premennych.

KPucové slova:
XGBoost, vyznamnost premennych, hyper-parametre, Gain, Weight,
interpretovatel'nost’ modelu

Uvod

Algoritmus XGBoost (eXtreme Gradient Boosting) sa za posledné roky stal
jednym z najvykonnejSich a najCastejSie pouzivanych nastrojov v oblasti
strojového ucenia pre tabul'kové data vd’aka svojej schopnosti zachytit’ nelinearne
vztahy, zvladat’ interakcie premennych a zaroven poskytovat’' robustni
generalizaciu (Chen & Guestrin, 2016). V mnohych aplikaciach, obzvlast
v oblasti finan¢nej ¢1 zdravotnickej predikcie, vSak nestaci, aby model dosiahol
len vysoku presnost’ — ¢oraz dolezitejSie sa stdva porozumenie tomu, preco model
prijima rozhodnutia a aké vstupné premenne prispievaju k predikcii (Lundberg &
Lee, 2017). Hodnotenie vyznamnosti vstupnych premennych (feature-
importance) je jednou z kliCovych ciest k zvySeniu transparentnosti modelov
zalozenych na strojovom uceni. V pripade XGBoost st k dispozicii vstavané
metriky ako gain, weight ¢i cover, ktoré poskytuju globalny prehl'ad o tom, ktoré
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premenné boli v procese ucenia modelom najcastejSie vybrané, aky prinos mali
pri rozdeleniach alebo aky rozsah déat rozdelili (Demirtirk et al., 2025). Napriek
tomu sa v literatire opakovane objavuje upozornenie, ze tieto metriky nemusia
byt stabilné alebo robustné v kontexte réznych nastaveni modelu ¢i zmien
v datach. Poradie vyznamnosti sa mdze menit’ v zavislosti od hyperparametrov
modelu, vol'by tréningovej mnoziny ¢i predspracovania ( Lai, Cai & Tan, 2019).
KIacovym faktorom, ktory vyrazne ovplyviiuje spravanie modelu je editovanie
hyper-parametrov ako napriklad podet stromov (n_estimators), hibka stromov
(max_depth), miera ucenia (learning_rate), pod-vyber riadkov (subsample)
&i pod-vyber stipcov (colsample_bytree). Optimalizéacia tychto hyper-parametrov
moze zasadne zmenit' Struktiru generovaného modelu, vnutorné rozdelenia
stromov a tym aj spdsob, akym model vstupné premenné vyuziva. Pouzitie
optimalizécie hyper-parametrov v modeli XGBoost nielen zlepsuje vykonnost’ ale
zaroven stabilizuje ranking premennych v hodnoteni ich vyznamnosti. Z tohto
vyplyva, Ze interpretacia vyznamnosti premennych ma najvacsiu hodnotu vtedy,
ked’ vychddza z modelu, ktory bol uz plne optimalizovany z pohl'adu vykonu
a generalizacie teda z modelu, ku ktorému mame “do6veru”, Ze reprezentuje
kone¢né rozhodovacie pravidla (Wang & Ni, 2019). Ak by sme hodnotili
vyznamnost' premennych na modeli s predvolenymi alebo len ¢iastocne
doladenymi hyperparametrami, poradie premennych ¢i ich dopady mézu byt
nepresné alebo zavadzajuce. Takyto pristup podporuju aj vyskumy stabilnosti
prediktivnych modelov, ktoré¢ ukazuji, ze bez adekvatnej optimalizicie
hyperparametrov nemusi byt ranking premennych spolahlivy (Meaney et al.,
2025). Ciel'om tohto prispevku je preto systematicky preskumat’ vyznamnost
vstupnych premennych v regresnom modeli XGBoost pred a po optimalizacii
hyperparametrov s pouzitim metrik gain, weight.

1 Vyznamnost’ vstupnych premennych

V stcasnosti rastie v oblasti strojového ucenia a najmd pri modeloch
zalozenych na ,,ensemble* stromoch ako XGBoost, je dolezité pochopenie toho,
ktoré vstupné premenné najviac prispievaju k vysledkom modelu. Jednou
z najpouzivanejsich technik je vypocet tzv. ,,feature importance® teda hodnotenie
relativnej dolezitosti jednotlivych premennych vzhl'adom na cely model. V rdmci
XGBoost st manazované dve zakladné globalne metriky: “weight” (niekedy
oznaCované ako ,.frequency” alebo ,split count™) a *“gain”. ,,Weight“ udava
kol'kokrat bola konkrétna premenna pouZitd na rozdeleni (split) v stromoch
modelu ¢im CastejSie sa premenna objavuje tym vyssia bude jej hodnota ,,weight*
Na druhej strane ,,gain“ meria priemerné zlepSenie (napr. zniZenie chyby
C1 straty), ktoré nastalo pri pouziti danej premennej na rozdeleni ak premenna
vyrazne prispieva k lepSej predikcii, dosiahne vys§i ,,gain“. Obe metriky
poskytuji globélny pohl'ad na vahu premennych vo¢i celému modelu, no ich
interpretdcia si vyzaduje opatrnost. Napriklad premennd s velmi vysokym
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,,weight“ nemusi byt’ nutne najvyraznejSim prediktorom. Takato premenna moze
byt Casto vyuzivana len kvoli Struktire stromov zatial o premenna s menej
Castym vyskytom (nizsi ,,weight®) ale vysokym ,,gain“ moze byt pre model
rozhodujuca. Taktiez je dolezité uvedomit’ si potencialne skreslenia tychto metrik
napriklad ich citlivost’ na premenné s vysokou kardinalnostou alebo na interakcie
medzi premennymi, ktoré tieto jednoduché metriky nedokazu plne zachytit
(Zhang, Zhang & Li, 2023). Z toho vyplyva odporacanie, ze hoci klasické
hodnotenie vyznamnosti premennych poskytuje cenny orienta¢ny vstup pri
vybere premennych alebo pri interpretacii modelu, jeho aplikacia by mala byt
sprevadzana porozumenim jeho limitdcii a idedlne doplnena aZz pokrocilejSimi ¢i
robustnej$imi metodami interpretacie.

2 Trénovanie modelu

V ramci experimentu pouzivame algoritmus XGBoost (eXtreme Gradient
Boosting) na regresnu ulohu predikcie nakladov na zdravotné poistenie (cielova
premenna charges) na zaklade demografickych a Zivotnych charakteristik
poistencov. Data su rozdelené na tréningovii a nezavisli testovaciu mnozinu
v pomere 80% : 20%, ¢o umoziuje objektivne hodnotenie generalizac¢nej
schopnosti modelu. Implementécia prebieha v programovacom jazyku Python,
s vyuzitim kniznic ako pandas pre spracovanie dat, scikit-learn nadelenie
a vyhodnotenie dat a modul XGBRegressor z XGBoost na samotny tréning
modelu. Dataset obsahuje 1 338 zaznamov a 7 atributov:

« age (vek) — numericka premenné;

* sex (pohlavie) — kategorizovana premenna (muz/zena);

* bmi (Body Mass Index) — kontinualna numericka premenna;

» children (pocet deti) — pocet zavislych deti poistenca;

« smoker (fajéiar) — binarna kategorizovana premenna (ano/nie);

* region (region) — kategorizovana premenna s hodnotami northeast,
northwest, southeast, southwest;

* charges (naklady na zdravotne poistenie) — cielova premenna.

Pred tréningom prebehne predspracovanie: kategorizované premenné (,,sex‘,
»smoker, | region*) su prevedené na one-hot kddovanie, ¢im zabezpefime ich
pouzitelnost’ v rdmci stromovych algoritmov; zarovenl sa odstrania pripadné
nekonecné ¢i chybajuce hodnoty. Nasledne su data rozdelené s pevne nastavenym
parametrom random state pre zabezpecenie reprodukovatelnosti.

2.1 Hyperparametre v XGBoost a ich vyznam

V kontexte strojového uclenia sa hyperparametre chapu ako vstupné
konfigura¢né hodnoty, ktoré pouzivatel' nastavuje pred samotnym tréningom
modelu, a ktoré nie st u¢ené z dat (na rozdiel od parametrov, ako vahy modelu)
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Ide o nastavenia, ktoré ovplyviiuju proces u€enia napriklad mieru ucenia pocet
zakladnych modelov ¢i Strukturu stromov a ma na ne vyznamny vplyv rovnako
tak na vykonnost’ a generalizaciu modelu. V ramci algoritmu XGBoost (eXtreme
Gradient Boosting) patri medzi najcastejSie dolad’'ované hyperparametre:

n_estimators — pocet vytvorenych rozhodovacich stromov (boostingovych
kol), ktory ovplyviuje celkovia kapacitu modelu.

max_depth — maximalna hibka kazdého stromu, ktorou sa riadi mieru
zlozitosti stromovej Struktary.

learning_rate — koeficient, ktory znizuje prispevok kazdého nového
stromu k celkovému modelu ¢im poméha kontrolovat’ rychlost’ ucenia
a znizovat riziko preucovania.

subsample — pomer vzoriek (riadkov) vycvikovej mnoziny, ktory sa
pouzije pri kazdom strome ¢im sa zvysuje robustnost’ vo¢i zovSeobecneniu.
colsample_bytree — pomer stipcov (prediktorov), ktoré sa nahodne vyberu
pre stavbu kazdého stromu ¢o modzZe znizit' koreldcie medzi stromami
a zlepsit’ generalizaciu.

reg_lambda — L2 regulariza¢ny koeficient, ktory pomaha penalizovat’
vel'mi komplexné modely a znizit’ preucenie.

Tieto hyperparametre vyznamne ovplyviuju Struktiru a rozhodovacie pravidla
findlneho modelu a teda aj to ako a kedy vstupné premenné buda pouzité
v rozhodovacich stromoch a ako sa nasledne budil hodnotit’ metriky vyznamnosti
premennych (napr. ,,Gain“, ,,Weight) v konecnej analyze. Preto je kriticky
dolezité aby analyza vyznamnosti premennych nasledovala az po dbkladnej
optimalizacii hyperparametrov a ziskani modelu, ktorého vykon a generalizéaciu
povazujeme za uspokojive.

Pre modelovanie zvazime tri rézne kombinacie hyperparametrov:

1. n estimators = 300,max depth = 6,learning rate =

2. n estimators =

0.1, subsample = 0.8, colsample bytree = 0.8,
reg lambda = 1.0;

500, max depth = 8, learning rate =
0.7, colsample bytree = 0.7,

0.05, subsample
reg lambda = 0.5]

3. n estimators = 200,max depth = 4,learning rate =

0.2, subsample = 0.9, colsample bytree = 0.9,
reg lambda = 2.0.

Po natrénovani kazdej konfiguracie modelu hodnotime jeho vykon pomocou
metrik RMSE (root mean squared error).
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3 Porovnanie vykonnosti modelov a vyznamnosti ich premennych
premennych

XGBoost Feature Importance - Weight (1)
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children 5310
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Obr. 1: Graf Feature importance Weight(1), Vlastné spracovanie
XGBoost Feature Importance - Gain (1)
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Obr. 2: Graf Feature importance Gain(1), Vlastné spracovanie
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Na obrazkoch 1 a 2 su vykreslene dve grafy metrik hodnotenia vyznamnosti
premennych pre model s nastavenim hyperparametov prvej konfiguracie pri
ktorom dosiahol RMSE = 1547,94. Graf ,,Weight ““ ukazuje, ze premenna bmi ma
z hladiska frekvencie pouzitia vo vSetkych stromoch modelu najvyssiu hodnotu
(= 4849 rozdeleni). Druha najcastejSie vyuzivana premenna je age (= 3855
rozdeleni). Ostatné premenné ako children, sex_male, smoker_yes, region maju
vyrazne nizsie hodnoty. Vyssia ,,weight* naznacuje, Ze model Casto vyuzival tieto
premenné pri  rozdeleni dat ¢o svedéi o ich opakovanej tlohe
v struktire modelu. Graf ,,Gain “ zasa odhal'uje, Ze z pohladu priemerného
zlepSenia vykonu modelu po rozdeleni podl'a danej premennej je najvyraznejSia
premenna smoker yes (hodnota = 7,108 x 108), nasledne bmi (= 2,135 x 107)
a age (= 1,920 x 107). Z tohto pohl'adu teda model pri pouZiti premennych ako
smoker yes ziskava najvacSie zniZenie chybovosti. Zaujimavé je, Ze hoci
smoker_yes ma v grafe ,,Weight“ pomerne nizku hodnotu (= 626) v grafe ,,Gain“
ma najvysSiu vahu Co znamend, Ze model tato premennu pouZival menej Casto
ale ked’ ju pouzil mala vyrazny prinos k vykonu.

XGBoost Feature Importance - Gain (2)
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Features
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Obr. 3: Graf Feature importance Gain(2), Vlastné spracovanie
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XGBoost Feature Importance - Weight (2)
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Obr. 4: Graf Feature importance Weight(2), Vlastné spracovanie

V pripade druhej konfiguracie hyperparametrov modelu XGBoost sa objavuju
zaujimave posuny v porovnani s prvou konfiguraciou predikcie nakladov na
zdravotné poistenie. Na grafe ,Gain (2)“ obrazok 3  vidime,
ze premenna Smoker yes stale ostava dominantnd z pohladu priemerného
prispevku k zlepsSeniu predikcie — priblizne 5.33 x 10%, zatial’ ¢o hodnoty pre bmi
(~1.18 x 107) a age (~1.08 x 107) sa znizili oproti povodnému nastaveniu. Na grafe
zobrazenom na obrazku 4 ,,Weight (2)* vidime, ze sa bmi znova presadila ako
najéastej$ie pouzivana premenna (= 18 209 splitov) a nasledne age (~14 171),
pricom smoker_yes uz ma relativne nizku frekvenciu (~1 368), teda bola pouzita
omnoho menej Casto v stromoch, hoci jej gain pozostdva vysoky. Dosiahnuté
RMSE ~ 2000.82 indikuje, ze tato konfiguracia modelu ma nizsiu prediktivnu
presnost’ (vySsiu chybu) neZ prvy pripad (1547.94). VysSia chyba moZze stvisiet
s tym, Ze model s touto konfiguriciou bud® neoptimalizoval vhodne
hyperparametre alebo bol menej schopny zachytit' Struktru dat. Z oblasti
vyznamnosti to znamena: ak vykon modelu nie je uspokojivy, potom poradie
a hodnoty metrik ,,Gain" a ,,Weight* maju niz8iu spol'ahlivost’ pre interpretaciu.

Pri tretej konfiguracii hyperparametrov modelu XGBoost dochadza
k vyraznejSiemu preskupeniu v poradi aj hodnotich vyznamnosti vstupnych
premennych nez v predchadzajucich pripadoch. Na grafoch zobrazenych
na obrazku 5 a 6 pre metédu ,,Weight “ je dominantna premenna bmi s
frekvenciou pouziti priblizne 1 017 splitov nasledovana premennou age (~790
splitov). Premennd smoker_yes ma v tejto konfiguracii iba ~321 pouziti pri
rozdeleni teda je pomerne zriedkavo vyuzivana vnatorne modelom. Naopak
v grafe ,,Gain “ sa znova vyrazne presadzuje smoker_yes s hodnotou ~8,658 x 108
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a hoci sa vyuziva menej Casto vzdy prindSa vyznamné zlepSenie predikcie.
Premenné bmi (~5,67 x 107) a age (~4,58 x 107) maj podstatne mensi prispevok
podla metriky ,,Gain®.

XGBoost Feature Importance - Weight (3)
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Obr. 5: Graf Feature importance Weight(3), Vlastné spracovanie

XGBoost Feature Importance - Gain (3)
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Obr. 6: Graf Feature importance Gain(3), Vlastné spracovanie

Poradie a hodnoty vyznamnosti premennych sa v tejto konfigurcii liSia vyrazne
od predoslych konfiguracii hyper-parametrov modelu. Premenné, ktore boli vo

32



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktober 2025

frekvencii pouzitia vysoko ako bmi alebo age zostavaju Casto vyuzivané no
klaicova premenna smoker_yes znovu potvrdzuje svoj vplyv z hl'adiska prispevku
k vykonu modelu.

Zaver

Z naSich vysledkov vyplyva, Ze hodnotenie vyznamnosti vstupnych
premennych v ramci modelu XGBoost by malo byt realizované az po dokladnej
optimalizacii hyper-parametrov a dosiahnuti stabilnej vykonnosti modelu,
ktorému mozno doverovat. Analyza troch experimentalnych konfiguracii jasne
ukazala, ze upravy hyper-parametrov vyrazne ovplyvnili poradie a vahy metrik
weight a gain. Konkrétne sme zistili, ze premenné s vysokou frekvenciou pouZitia
(napr. bmi, age) nemusia nevyhnutne predstavovat’ najvacsi prispevok k predikcii,
zatial’ ¢o premenna smoker_yes hoci bola pouzita menej ¢asto mala zadsadny efekt
vZzdy ked bola vyuzita. Tieto zistenia podporuji zaver, Ze vysledky klasickych
metrik vyznamnosti gain a weight su citlivé na nastavenie modelu a preto ich
interpretdcia musi vychadzat’ z kontextu modelu s uzavretou optimalizaciou. Z
praktického hladiska to znamend, Ze by interpretacia premennych mala
vychadzat’ z koneéného modelu, ktory spina kritéria presnosti (napr. RMSE) a
generalizacie. Iba tymto spdsobom mozno ziskat’ doveryhodné poznatky o tom,
ktoré vstupné premenné realne ovplyviuja predikciu. Zaroven maju tieto zistenia
aj didakticky prinos, ked’Zze nazorne ukazuji rozdiel medzi frekvenciou pouzitia
premennej (Weight) a jej redlnym prispevkom k predikcii (Gain). Preto mozu
slazit’ ako prakticka ukazka vo vyucbe predmetov NezZivotné poistenie a Aktuarske
prediktivne modely, najma pri témach vyberu premennych a interpretacie
modelov.

Tento prispevok vznikol v ramci rieSenia vyskumného projektu VEGA
¢.1/0497/25 Implementacia inovativnych pristupov v oblasti riadenia a
modelovania rizik v ramci internych modelov poist’ovni.
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POROVNANIE KLASICKEJ ANALYZY VYZNAMNOSTI
PREMENNYCH A INTERPRETACIE POMOCOU SHAP PRI
MODELI XGBoost!

COMPARISON OF CLASSIC VARIABLE IMPORTANCE
ANALYSIS AND INTERPRETATION USING SHAP IN AN
XGBoost MODEL

Andrej BEDNARIK*

Abstrakt:

Interpretovatelnost” modelov strojového ucenia zohrava kl'ucova ulohu kde je
potrebné¢ porozumiet’ rozhodovaciemu procesu modelu. Tradicné metddy
hodnotenia vyznamnosti premennych, ako napriklad Gain alebo Weight
pouzivané v ramci modelov typu Gradient Boosted Trees, poskytuju globalny
prehl'ad o dolezitosti vstupnych atributov avSak ¢asto nezachytavaji nelinearne
vztahy a interakcie medzi premennymi. Cielom tohto prispevku je porovnat
vysledky klasickej analyzy vyznamnosti s interpretaciou zaloZenou na metode
SHAP (SHapley Additive exPlanations) v modeli XGBoost. Analyza bola
realizované na vybranom dataset-e prostrednictvom trénovania XGBoost modelu
a nésledného vyhodnotenia klasickych metdd feature importance a vypoctu
SHAP hodndt. Vysledky wukazuji, Ze SHAP poskytuje detailnejsi a
konzistentnejsi pohl'ad na vplyv jednotlivych premennych pri¢om zohl'adiiuje ich
interakcie a prispieva k lepSej interpretovatel'nosti modelu. Vysledky su zaroven
vyuzitelné aj vo vyucbe predmetov NezZivotné poistenie a Aktuarske prediktivne
modely, kde podporuju transparentné vysvetlenie vplyvu rizikovych faktorov
v modeloch typu XGBoost.

KUrucové slova:
XGBoost, interpretovatelnost’ modelov, SHAP, vyznamnost’ premennych

Uvod

V stcasnosti sa v oblasti strojového ucenia Coraz CastejSie kladie doraz nielen
na dosahovanie vysokych vykonnostnych metrik, ale aj na schopnost’ modelov
byt interpretovatel'né a transparentné. V ramci aplika¢nych oblasti napriklad

bankovnictvo, poistovnictvo alebo zdravotnictvo je potreba chapat’ rozhodovanie
modelu kritickd z hladiska zodpovednosti, regulacie a dovery pouzivatelov.

! Ing. ANDREJ BEDNARIK, Katedra matematiky a aktuarstva, Fakulta hospodarskej
informatiky, Ekonomicka univerzita v Bratislave, andrej.bednarik@euba.sk.
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Typicky najlepsi vykony dosahuja komplexné modely, ako st napriklad ensemble
metody stromov, Co vSak vedie k riziku zakrytia samotného mechanizmu
rozhodovania (,,black-box“ model). Metéda XGBoost (eXtreme Gradient
Boosting) predstavuje jeden z najpouzivanejSich nastrojov v praxi ide o vykonny
gradientny boostingovy ramec, ktory dokédze spracovat’ rozsiahle d4ta a dosiahnut’
vynikajuce predikéné vysledky (Chen & Guestrin, 2016). Je vSak zalozeny na
kombinacii stoviek az tisicov rozhodovacich stromov, Co stazuje priamu
interpretaciu samotnych rozhodovacich ciest. Preto sa v poslednych rokoch
vyvinuli nastroje a pristupy, ktoré umoznuju interpretaciu tychto silnych
modelov. Jednou z vyznamnych metdd je SHapley Additive exPlanations d’alej
ako SHAP, ktora vychadza z tedrie koalicnych hier a umoznuje priradit’ kazdej
vstupnej premenej jej podiel na konkrétnom vystupe modelu. SHAP predstavuje
jednotny ramec pre interpretaciu modelovych predikcii, pricom spina Ziaduce
vlastnosti (napr. lokélnu presnost, symetriu) a umoziuje porovnanie réznych
metdd vysvetlovania (Lundberg & Lee, 2017). V praxi sa vSak Casto vyuzivaju
jednoduchsie, tzv. ,klasické* metdody hodnotenia vyznamnosti premennych ako
napriklad hodnotenie Gain, Cover ¢1 Weight v ramci modelov XGBoost, ktoré
generuju globalny rebricek dolezitosti atributov. Tieto metddy vSak mozu
ignorovat’ interakcie medzi premennymi, nelinearne vztahy alebo rozdiel medzi
globalnou a lokalnou dodlezitost'ou atributov. Naopak, SHAP umoziiuje nielen
globdlne, ale aj individudlne (lokéalne) vysvetlenia predikcii, a méze tak odhalit’
rozdiely, ktoré Kklasické metddy nevidia (Ponce-Bobadilla et al., 2024).
Zameranim tohto prispevku je porovnanie vysledkov Kklasickej analyzy
vyznamnosti premennych (v rdmci XGBoost) s interpretaciou pomocou SHAP
s cielom posudit’, nakol’ko sa tieto pristupy liSia v ur€eni dolezitosti premennych,
aké su ich silné a slabé stranky a aké odporti¢ania mozno vyvodit’ pre prax
modelovania strojového ucenia. V d’alSej Casti prace je predstavend pouzita
metodika popis datasetu, tréning modelu XGBoost, vypocet klasickej feature
importance a vypoCet SHAP hodn6t a nasledne su prezentované vysledky
porovnania spolu s diskusiou o ich vyzname pre interpretaciu modelu.

1 Metody hodnotenia vyznamnosti premennych v XGBoost

V oblasti strojového ucenia a najmd pri vykonnych modeloch zalozenych
na ensemble stromov ako XGBoost, rastie potreba pochopit, ktoré vstupné
premenné vyrazne ovplyviiuji vysledok modelu. Jednym z najcastejSich
pristupov k odhadu tejto vyznamosti je vypocet tzv. ,feature importance* teda
hodnotenie relativnej dolezitosti vstupnych premennych vo vztahu k modelu.
V pripade XGBoost sa ¢asto vyuzivaju dve zakladné metriky ,,weight* (niekedy
oznacované aj ako ,frequency” alebo ,split count”) a ,gain“. , Weight
predstavuje pocet pouziti danej premennej pri rozdeleni (split) vo vSetkych
stromoch modelu ak sa premenna ¢asto objavuje v rozdeleniach stromov, jej
hodnota ,,weight* bude vysok3, ,,Gain* meria priemerné zlepSenie (napr. znizenie
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chyby ¢i straty), ktoré je dosiahnuté v momente, ked’ je dand premenna pouzita
pri rozdeleni stromu c¢ize ak premenna pri rozdeleni vyznamne prispieva k lepse;j
predikcii, dosiahne vys$iu hodnotu podla metriky ,,gain“. Obe metriky poskytuju
globalny pohl'ad na vyznamnost' premennych (t. j. vzhl'adom na cely model).
Avsak v praxi je potrebné ich interpreticiu robit’ s opatrnost'ou. Napriklad
premennd s vel'mi vysokym ,,weight* nemusi automaticky znamenat’ vel’ky prinos
pre model mdze byt’ jednoducho €asto pouzita v rozdeleniach stromov. Zatial’ co
premennd, ktora sa vyskytuje menej Casto (nizsi ,,weight) ale ma pri pouziti
vysoky ,,gain“ a moéze byt pre model rozhodujuca (Palomares Carrascosa, 2025).
Dal§im zasadnym obmedzenim je fakt, Ze metriky ako ,.gain* &i ,,weight* mozu
byt ovplyvnené skreslenim. Napriklad voci premennym s vysokou kardinalitou
alebo voci interakciam medzi premennymi, ktor¢ tieto jednoduché metriky neberti
plne do tvahy (Zhang, Zhang & Li, 2023). Z tohto vyplyva, Ze hoci klasické
hodnotenie vyznamnosti premennych ponuka cenné vstupy pri vybere
premennych pri orientaCnej interpretacii modelu, ich vyuzitie by malo byt
sprevadzané pochopenim ich limitacii a idedlne doplnené o hlbsie ¢i robustnejsie
metody interpretacie.

1.1 Interpretacia modelu XGBoost pomocou SHAP - hlbsi pohPad na
prispevky premennych

V snahe prekonat obmedzenia klasickych metdéd hodnotenia vyznamnosti
premennych (ako st metriky “weight” ¢i “gain”) v modeloch typu XGBoost sa
ako pokrocily pristup ukazuje metdéda SHAP. SHAP vychéadza z tedrie koali¢nych
hier a prirad’uje kazdej vstupnej premenej jej individudlny ,,podiel na predikcii
modelu pri konkrétnom pozorovani. Vysledkom je nielen globalny prehlad o
vyznamnosti, ale aj moznost’ lokdlneho vysvetlenia predikcii. KIi¢ovou vyhodou
SHAP je, Ze spiia vlastnosti ako symetriu, efektivitu a additivitu ¢o z nej robi
teoreticky fundovany ramec pre ur¢enie vyznamnosti (Lundberg & Lee, 2017).
Na praktickej irovni to znamena, ze pre kazdy vzor v datach méZeme ziskat’ sibor
SHAP hodndt, ktoré ukazuji ako kazda premenna prispela k posunu predikcie od
zakladnej hodnoty (baseline) k vyslednému skore. SHAP tak umoznuje
identifikovat’ premenné s vysokym vplyvom, zistit’ ¢i ich vplyv bol pozitivny
alebo negativny, a tiez odhalit’ interakcie alebo nelinearne efekty, ktoré by pri
jednoduchych metrikdch mohli ostat’ skryté. V kontexte XGBoost to znamena, Ze
hoci metriky ako ,,gain* ¢i ,,weight* poskytuja urcity obraz SHAP pontika hlbsiu
a detailnejsiu interpretdciu spravania modelu v réznych segmentoch déat i na
urovni jednotlivych predikcii. Z technického hl'adiska SHAP hodnoty vyuzivaju
vypocty vSetkych moznych kombindcii vstupnych premennych (alebo ich
approximation) na posudenie marginalneho prispevku kazdej premennej ¢o
zarucuje konzistentnost’ a férovost’ atribucie (Lundberg & Lee, 2017). Pouzitie
SHAP vsak prinaSa vysSiu vypoctovi narocnost a potrebu starostlivej
interpretacie napriklad vyznamné SHAP hodnoty pre premennd nemusia
automaticky znamenat’ kauzalitu, ale len silnt asociaénl vizbu v ramei modelu.
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Preto by integracia SHAP interpretacii mala byt sprevadzana dokladnym
pochopenim dat, potrieb domény a modelového kontextu.

2 Modelovanie pomocou XGBoost

V ramci experimentu vyuZivame algoritmus XGBoost (eXtreme Gradient
Boosting) pre regresiu, ktorého tulohou je predikovat’ néklady na zdravotné
poistenie (premenna charges) na zaklade demografickych a Zivotnych
charakteristik poistencov. Model je trénovany na rozdeleni dat na tréningovu
mnozinu a nezavisli testovaciu mnozinu, s cielom zabezpecit objektivne
vyhodnotenie generaliza¢nej schopnosti modelu typicky v pomere 80 % / 20 %
(napr. pre analyzu ndkladov na zdravotné poistenie). Implementacia prebieha
v programovacom jazyku Python, pricom si vyuzit€¢ kniznice ako pandas
na spracovanie dat, scikit-learn na delenie dat a hodnotenie vykonu
a samotny XGBoost-regresor (z modulu xgboost) na tréning modelu.
Dataset pozostava z 1338 zaznamov a 7 atributov. Premenné v datasete:

. age (vek) — Vek osoby (numericka premenna).

« sex (pohlavie) — Kategorizovana premenna (muz/zena).

« bmi (Body Mass Index - index telesnej hmotnosti) — Kontinuélna
numericka premenna.

« children (pocet deti) — Pocet deti zavislych od poistenca.

« smoker (faj¢iar) — Bindrna kategorizovana premenna (ano/nie).

. region (region) — Kategorizovana premenna (4 geografické regiony v USA:
northeast, northwest, southeast, southwest).

o charges (néklady na zdravotné poistenie) — Ciel'ova premenna, ktora sa
predikuje.

Pred samotnym tréningom modelu sa vykonava zékladné predspracovanie:
kategorizované premenné (,,sex“, ,,smoker®, ,region) sii spracovan¢ pomocou
one-hot encodingu, ¢im sa zabezpeci ich pouzitelnost’ v rdmci stromovych
algoritmov. Odstranené st potencidlne nekonecné alebo chybajlice hodnoty.
Nasledne su data rozdelené na tréningova a testovaciu mnoZinu s pouzitim
nahodného stavu (random state) pre reprodukovatelnost. Model XGBoost je
inicializovany s parametrami akon_estimators = 300,max depth = 6,
learning rate = 0.1, subsample = 0. Po natrénovani modelu
vyhodnocujeme jeho vykon pomocou metrik RMSE (root mean squared error)
alebo MAE (mean absolute error). Cely tento postup zabezpecCuje robustné
vyhodnotenie prediktivnej schopnosti modelu na data-sete nakladov na zdravotné
poistenie, pricom zaroven nastavuje pddu pre naslednu interpretaciu modelu
najmé porovnanie klasickych metdd hodnotenia vyznamnosti premennych (Gain,
Weight) s modernej$imi pristupmi zalozenymi na SHAP hodnotach.
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3 Interpretacia vstupnych premennych

V ramci analyzy modelu XGBoost zohrava kIi¢ovli ulohu nielen samotny
predikény vykon, ale aj schopnost’ pochopit’ aké vstupné premenné prispeli
k tymto predikciam. Interpretacia vstupnych premennych teda predstavuje most
medzi technickym tréningom modelu a praktickou aplikaciou vysledkov. Ide
0 krok v ktorom model otvarame a chapeme jeho vndtorné rozhodovanie.
Pomocou analyzy vyznamnosti premennych (feature importance) mozeme
identifikovat’, ktoré¢ premenné mali najvacsi vplyv na vystup modelu, ako Casto
boli pouzité a ako velky zlepSujuci efekt sposobili ¢i aky rozsah dat ovplyvnili.

XGBoost Feature Importance - Gain (prispevok)

smoker yes - e e e e e e 7108 118704.0
bmi 4=21353312.0
age 4219197542.0
¥ region_southeast 4387902125
E
@ :
# region_northwest 43606255.0
sex_male 3178310.0

region_southwest 42656521.75

children 41949079.75
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F score les

Obr. 1: Graf Feature importance(gain), Vlastné spracovanie

Na obrazku 1 vidime horizontalny barplot, kde os X predstavuje hodnoty
,Gain“ (oznacené ako F score) a os y zoznam vstupnych premennych
(,,Features*). Hodnoty Gain predstavuju priemerné zlepSenie modelovej chyby
alebo straty dosiahnuté pri pouziti danej premennej pre rozdelenie v strome.
Najvyraznejsie sa vyc€leniuje premenna smoker yes, ktorej bar je podstatne dlhsi
nez ostatné konkrétne priblizne 7,108,487,04. To znamend, Ze pri kazdom
rozdeleni v strome modelu, kde bola pouzita tito premenna bolo dosiahnuté
vysoké znizenie chyby. Z praktického hl'adiska to znamena, ze : ,.faj¢iar vs. ,,
nefajiar* je vynimocne silny prediktor nakladov na zdravotné poistenie v naSom
datovom subore.
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XGBoost Feature Importance - Weight (frekvencia vyberu)
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Obr. 2: Graf Feature importance(weight), Vlastné spracovanie

Na obrazku 3 je zobrazeny horizontalny barplot, kde os x zobrazuje skore (F
score) predstavujuce pocet pouziti danej premennej pri rozdel'ovani (,,splitoch®)
vo vSetkych stromoch modelu a os y zoznam vstupnych premennych (,,Features*).

3.1 Interpretacia vstupnych premennych pomocou SHAP

SHAP Feature Importance (priemerny dopad premennych)

smoker_yes

age

bmi

children
sex_male
region_southwest
region_southeast

region_northwest

0 1000 2000 3000 4000 5000 6000 7000 8000
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Obr. 3: Graf SHAP Feature importance, Vlastné spracovanie

Na obrazku 3 vidime, Ze premenna Smoker_yes ma najvysSiu priemerna
absolutnu SHAP hodnotu (= 8 000-8500) ¢o znamend, Ze v priemere mala
najvacsi dopad na predikciu modelu Cize, ak je osoba faj¢iarom tato premenna
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vyrazne posuva predikované ndklady na poistenie vysSie. Druhd najdolezitejSia
premenna je age (vek) s hodnotou okolo = 3 000-3500 teda vek je tiez
vyznamnym faktorom hoci menej dominantnym nez fajéenie. Tretia je bmi
s hodnotou priblizne =~ 2 000-2500. Ostatné premenné children, sex_male,
region_southwest, region southeast, region northwest maji vyrazne mensie
priemerné SHAP hodnoty, ¢o naznacuje, ze ich priemerny dopad na predikciu
modelu je omnoho mensi. Standardné metriky ako ,,weight* ¢i ,,gain*“ mohli
uvadzat’ iné poradie dblezitosti (napr. BMI mala vysoku frekvenciu rozdeleni),
ale SHAP ukazuje, Ze v u€inku (dopade) je faj¢enie dominantné.

SHAP BEESWARM Plot (rozptyl vplyvov)
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Obr. 4: Graf SHAP BEESWARM , Vlastné spracovanie

Na obrazku 4 moézeme pozorovat SHAP BEESWARM Plot. Na osi y sU
uvedené vstupné premenné (features) zoradené podla “ddlezitosti” (podla
priemernych absolutnych SHAP hodndt). Na osi x je hodnota SHAP (impact on
model output) ¢ize, ako vel'mi dana premenna prispela k predikcii v konkrétnych
pripadoch. Farba bodov indikuje hodnotu premennej (Cervena = vysoka hodnota,
modra = nizka hodnota). Kazdy bod predstavuje jedno pozorovanie v datach
a jeho SHAP hodnotu pre danu premenna. Graf ukazuje nielen aké premenné su
dolezité, ale aj ako sa ich hodnota (vysoké/nizka) prejavuje v predikcii.

Na obrazku 5 mézeme vidiet SHAP Dependence plot. Tento dependence plot
pre SHAP hodnoty premenné ,bmi““ zobrazuje, ako sa meni jej individudlny
prispevok k predikcii modelu v zavislosti od hodnoty bmi a stavu premenné
»smoker yes“. Farba bodu indikuje, ¢i dané pozorovanie reprezentuje fajciara
(Cervend) alebo nefaj¢iara (modrd). V zobrazenom ,dependence plot*
pre premenni BMI a stav fajenia (smoker yes) je dolezité zdoraznit’, ze vypocet
SHAP hodnot nefunguje za predpokladu, Ze ostatné premenné ostavaju
konStantné. Kazdy bod grafu reprezentuje konkrétnu kombinaciu hodnét vSetkych
vstupnych premennych modelu nielen BMI a smoker_yes a preto vertikalny

41



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktdber 2025

rozptyl bodov pri rovnakych hodnotach BMI odraza vplyv hodnét ostatnych
premennych na prispevok BMI k predikcii. Graf teda nepopisuje jednoduchy
linearny vztah ,,vys$sie BMI — vyssi prispevok®, ale skor modifikovany efekt,
v ktorom sa hlavny G¢inok BMI meni v zavislosti od stavu smoker yes (a
nevyhnutne aj d’alSich premennych).

SHAP Dependence Plot 10
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Obr. 5: Graf SHAP Dependence , Vlastné spracovanie

Tento vzajomny efekt Cize interakcia medzi BMI a faj¢enim indikuje, Ze BMI
ma vyraznej$i prispevok k predikcii vtedy, ked’ je osoba fajciarom, nez ked’ nie
je; a varianty hodndt ostatnych premennych mozu tento prispevok este posilnit’
alebo zmiernit. SHAP ,,dependence plot* mézeme vykreslit’ pre kazdua jednotliva
vstupnu premennu. Ak explicitne nedefinujeme druhd premennuktorej efekt na
primarne zvolend premennu(v tomto pripade BMI) chceme pozorovat, kniZnica
automaticky vyberie tu premennd, s ktorou ma analyzovana pre nmenna najvacsiu
interakény efekt.

Zaver

V prezentovanych grafoch sa porovnavaju dva pristupy k hodnoteniu
vyznamnosti vstupnych premennych v rdmci modelu XGBoost: (1) tradi¢né
metriky “Gain” (prispevok k znizeniu straty) a “Weight” (frekvencia pouzitia
premennej pre rozdelenie dat) a (2) grafy zalozené na SHAP hodnote (priemerny
absolutny dopad premennych a rozptyl ich vplyvu). Zatial’ co klasické metriky
(,,Gain/Weight*) poskytujt rychly globalny prehl’ad o tom, ktoré premenné model
radi vysoko SHAP umoziiuje ovela detailnejSiu analyzu. SHAP identifikuje,
nielen, ktoré premenné su dolezit¢ ale ako a kedy vplyvaji vratane
nelinedrnych vztahov a interakcii medzi premennymi (napr. vizualizcia
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beeswarm/dependence plot).V analyze sa ukazalo, Ze premenna ,,smoker yes* ma
v metrike Gain extrémne vysoku hodnotu, kym v metrike Weight sa naopak
neobjavila medzi najéastejsie pouzivanymi rozdeleniami tento vyznamny rozdiel
objasiiuje SHAP analyza, ktora ukézala, Ze ,,smoker_yes* mé najvac¢si priemerny
dopad na predikciu a zaroven silni interakciu s premennou BMI (a
pravdepodobne d’alSimi). Tym sa podciarkuje zasadné pridana hodnota pristupu
SHAP: umoziuje identifikovat premenné, ktoré hoci st pouzité¢ v relativne
mensej miere moZzu mat’ vyrazny vplyv na predikciu a zaroven ukazuje, Ze
premenné s vysokou frekvenciou pouzitia (napriklad ,,BMI*“) nemusia byt
rozhodujuce. Z praktickej stranky to znamena: ak by sa vyber alebo Uprava
premennych riadila len podl'a klasickych ukazovatel'ov, mohli by sme prehliadnut’
premenné s nizSou frekvenciou pouzitia, ale s vysokym dopadom alebo
interakciou. Naopak, SHAP analyza umoziuje sledovat’ rozhodovanie modelu na
urovni distribdcie hodndt, identifikovat’ nelinearne vztahy (napr. rast dopadu
BMI len po prekroceni urcitého prahu alebo v kombinacii s fajéenim) a umoznit’
tak lepSiu interpretaciu modelu. Klasické metriky “Gain/Weight” zostavaji
uzitoénym vychodiskom, no pre pohl'ad na ,, o model robi* a ,,preco to robi* je
SHAP podstatnym doplnkom a to najmé v kontexte komplexnych modelov s
nelinedrnymi a interakénymi efektmi. Z pedagogického hladiska je tato analyza
vhodnym podkladom pre predmety Nezivotné poistenie a Aktuarske prediktivne
modely, ked’Ze umoznuje Studentom nazorne pochopit’ vplyv rizikovych faktorov
a interakcii na predikciu. Zaroven podporuje rozvoj kritického pristupu k vyberu
premennych a k interpretacii modelov pouzivanych v aktudrskej praxi.

Tento prispevok vznikol v ramci rieSenia vyskumného projektu VEGA
¢.1/0497/25 Implementacia inovativnych pristupov v oblasti riadenia a
modelovania rizik v ramci internych modelov poist’ovni.
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INOVATIVNY MODEL PREPOJENIA FOLOLOGICKEHO
STUDIA S PROJEKTOVYM MANAZMENTOM

AN INNOVATIVE MODEL OF CONNECTING PHILOLOGICAL
STUDIES WITH PROJECT MANAGEMENT

Zuzana CIVANOVA*, Paula PISOVA?, Erzsébet SZABO?

Abstrakt:

Prispevok sa zaobera aktualnym prepojenim univerzitného vzdelavania v oblasti
cudzich jazykov s disciplinou projektového manazmentu. Analyza vychadza z
potrieb vysokoskolskej praxe, v ramci ktorej identifikujeme krizu tradi¢ného
filologického studia a zdoraznujeme nevyhnutnost’ inovacii v tejto oblasti. Na
zaklade Stadia strategickych dokumentov Eurdpskej tnie a kvalitativnej analyzy
potrieb trhu prace poukazujeme na fakt, Ze samotnd jazykovd kompetencia
uchadzafovi o zamestnanie uz nepostacuje a mala by byt doplnena Specifickymi
profesijnymi zru¢nostami. Prispevok popisuje novy profesijne orientovany
Studijny program Cudzie jazyky v projektovej praxi ako model
interdisciplinarneho vzdelavania, ktory vznikol na FF UKF v Nitre a prepaja
Studium cudzich jazykov v kontexte projektového manazmentu.

KPlucové slova:
Projektovy manazment, riadenie projektov, profesijne orientovany Studijny
program, cudzie jazyky.

Uvod

Vysokoskolské vzdelavanie v oblasti filologie sa v poslednych rokoch
nachadza v situdcii, ktort mozno charakterizovat’ ako krizova. Tradi¢né modely
vyucby, zamerané prevazne na lingvisticka a literarnovednt pripravu, nedokézu
Vv plnej miere reagovat na meniace sa potreby spolo¢nosti a trhu préce.
Humanitné vedné odbory si nutené obhajovat svoje postavenie v dneSnej
spolo¢nosti, ¢o moze do istej miery spocivat’ v ,,prehnanom zameriavani sa
badatel'ov na skimanie pojmovych Struktir, na teoériu, ktora nechce a ani
nemdze skimat’ komplexné vztahy ¢loveka k jeho okoliu®, ale i kvoli masovej

1 Mgr. ZUZANA CIVANOVA, PhD., Katedra romanistiky a germanistiky, FF Univerzita
Konstantina Filozofa v Nitre, zcivanova@ukf.sk

2 Mgr. PAULA PISOVA, PhD., Katedra romanistiky a germanistiky, FF Univerzita
Konstantina Filozofa v Nitre, ppisova@ukf.sk

3 Mgr. ERZSEBET SZABO, PhD., Katedra romanistiky a germanistiky, FF Univerzita
Konstantina Filozofa v Nitre, eszabo@ukf.sk
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kultire, ktord ,vSetko hodnoti cez prakticky prinos [...]. Marketizécia,
korporatizacia, manaZerizmus, ekonomizmus a byrokratizmus sa nasledne
negativne premietaju i do profesijného Zivota vedcov a badatelov (Skvrnda,
Zelinov4, 2017).

Tato tendencia nie je ojedinela len pre Slovensko, no je mozné ju pozorovat’ v
celom zapadnom svete. Napriklad vo Francuzsku uz v roku 2004 prebichala
polemika o buducnosti Studia jazykov v ramci humanitnych vied (Judet de la
Combe, Wismann,). Tato tendencia pretrvavala nasledujuce roky az do
stcasnosti, kedy sa objavuje Coraz viac vedeckych, odbornych i laickych
diskurzov ¢o deklaruju Upadok zaujmu o klasické jazykovedné Studia, do
popredia stavaji Studium aplikovanych jazykov (Soler, 2025). Jednym zo
zdsadnych prejavov tejto krizy je dramaticky pokles poctu Studentov, co
v kone¢nom doésledku v niektorych pripadoch vedie az k zaniku jazykovych
katedier.

Stadia Becky Murdas-Taylor s nazvom Undergraduate language
programmes in England: A widening participation crisis (2023) uvadza, Ze
celkovy pocet Studentov prihlasenych na jazykové programy vo Velkej Britanii
klesol v roku 2019 na 75 145 (z povodnych viac nez 160 000 v roku 2003
a 84 520 v roku 2014).

Vzhl'adom na naSe geografické stradnice, ako aj sti€asny systém vzdelavania
na Slovensku, ktory podporuje stidium minimalne dvoch cudzich jazykov uz na
urovni zakladnych §kél (vid. nova reforma zékladného Skolstva), je potreba
zachovania vysokoSkolskych Studijnych programov zameranych na cudzie
jazyky nanajvys aktualnou.

So zretel'om na aktualnu spolocensku situaciu, medialny obraz a finan¢né
ohodnotenie pedagogicky orientovanych povolani, ako aj nastup éry umelej
inteligencie mozno konStatovat,, ze mnohi uchadzaci o stadium cudzich jazykov
stracaju zaujem o tradiéné profesie, akymi su ucitel, prekladatel’ ¢i tlmocnik,
a to aj napriek tomu, zZe stale zohravaju vyznamnu tlohu v SirSom spolo¢enskom
kontexte. Univerzity su preto postaven¢ pred vyzvu, ako profilovat
a komunikovat’ filologicky zamerané Studijné programy tak, aby dokdazali
efektivne oslovit’ a zaujat’ potencidlnych Studentov.

Konkrétnym prikladom Kklesajuceho zaujmu o tradi¢nt filoloégiu v nasich
suradniciach je verejne dostupnd predmetova anketa realizovana na Trnavskej
univerzite v akademickom roku 2022/2023, ktorej vysledky poukazuji na niZSie
hodnotenie literarne orientovanych predmetov Studentmi (napr. Sucasné
anglofonne literatiry, Anglickd literatira 1) v porovnani so Specificky a
prakticky orientovanymi jazykovymi predmetmi (ako napr. Anglitina pre
Specifické ucely ¢i predmety zamerané na konverzaciu a komunikacné
zrucnosti). Je nutné vtomto bode poznamenat, ze literatira je dolezitym
nastrojom pri formovani individudlnych kognitivnych i emocionalnych zloziek
osobnosti, preto by nemala byt’ vyluCovana zo Studijnych planov filologickych
Studijnych programov, vonkoncom nie tych, ¢o sa zameriavajia na ucitel'ské
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povolanie.* Vysledky predmetnej ankety vSak poukazuju na fakt, Zze Studenti si
Castokrat volia ucitel'ské ¢i prekladatel'ské smery prave z dovodu, ze poskytuji
moznost’ komplexného Studia cudzieho jazyka, a to aj napriek tomu, ze sa pre
tuto profesiu po ukonceni Stidia nerozhodnu. Prave tento faktor nds donutil
formulovat’ hypotézu o potrebe vytvorenia priestoru pre taky Studijny program,
ktory ponikne moznost’ Studia sektorovych jazykov, resp. cudzich jazykov pre
Specifické ucely (LSP — Language for Specific Purposes), a mohlo by tak
poskytnit’ uchddzaCom o Studium alternativne profesijné uplatnenie, ktoré by
zachovalo jadro jazykovej kompetencie, no zarovenl by rozsirilo jej aplikacny
potencial.

1 Metodologicke vychodiské a identifikacia potrieb praxe vo
vysokoSkolskom vzdelavani

Pri koncipovani nového Studijného programu vychadzal pracovny tim
Katedry romanistiky a germanistiky FF UKF v Nitre z kvalitativnej analyzy
potrieb trhu prace aocakavani buducich Studentov. Prvym krokom bolo
uskutoénenie tzv. internych brainstormingovych stretnuti, pocas ktorych sa
diskutovali r6zne moZznosti inovacie Stidia. Ked’Ze sa nazory ¢lenov pracovnej
skupiny Vv niektorych bodoch lisili, rozhodujicim krokom bolo uskuto¢nenie
prieskumu v spolupraci s odbornikmi z réznych odvetvi a stadium dostupnych
zdrojov vypracovanych eurdpskymi institiciami s cielom preskimat’ dopyt
po ovladani viacerych cudzich jazykov vo vztahu k potrebam trhu préace.

To nés priviedlo k formulovani dalSej hypotézy, ze ovladanie cudzich
jazykov ma zasadny vplyv na zamestnatel'nost’ absolventa. Oporu sme nasli v
praci kosovskej vyskumnicky a vysokoskolskej pedagogicky anglictiny Fitnete
Martinaj, Foreign Languages: The Key Factor in Employability, v ktorej
jednoznacne potvrdila, Ze jazykové znalosti su kIicovym faktorom pre kariérny
uspech i dosiahnutie povySenia ¢i lepSej pracovnej ponuky. ,,Globalizacia
poznania a samotného vysokoskolského vzdelavania prispieva k ¢oraz va¢Siemu
vyuzivaniu cudzich jazykov. V stcasnosti pracovné trhy na celom svete
pozaduji zamestnancov a absolventov, ktori ovladaju cudzie jazyky a maju
dobré komunika¢né zru¢nosti“ (2020, 161).°

Analyza ukézala, Ze to, ¢o sa na prvy pohlad moéze zdat ako pomerne
trividlne konStatovanie, ma v skutoCnosti vyrazne komplexnejSi a hlbsi
charakter. Stidium viacerych eurdépskych strategickych dokumentov ukazalo, Ze
jazykové zru€nosti v dneSnej dobe musia byt’ integrované do SirSieho portfolia
relevantnych a $pecifickych kompetencii, teda samy o sebe uz nie su
postacujuce, hoci nad’alej predstavuju nevyhnutny predpoklad pre pristup

* Viac sa tejto téme Z. Civatiova s V. Simanovou venuju vo svojej $tadii La literatura como puente hacia la
comprension intercultural (2024, 544 — 548)

5 Ak nie je uvedené inak, text preloZili autorky predloZenej prace. The globalization of knowledge, and of higher
education itself, is contributing to an increasing use of foreign languages. Nowadays, labour markets worldwide
demand employees and graduates who posses foreign language proficiency and good comunication skills*
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k profesidm v medzikultirnom prostredi S$tatnej spravy, tak isukromného
sektora. Eurdpska komisia v dokumente Study on Foreign Language Proficiency
and Employability (2015) uvadza, Ze pokial’ ide o podniky zamerané na domaci
trh, je miera potreby znalosti cudzich jazykov nizSia. Naopak, dopyt moze byt
vyS§8i zo strany podnikov v Krajindch s mens$imi vnatornymi trhmi.
,Dodavatel'ské retazce arastice vyhody volného pohybu tovaru a sluzieb
vramci EU zjavne zvySuju dopyt po znalosti cudzich jazykov. Zatial &o
podniky vyuZivajice jazykové zrucnosti z toho o€ividne profituju, tie, ktoré ich
nevyuzivaju, mozno nenapiiiaju svoj potencial® (2015, 14).°

DalSou analyzou sme zistili, ze Britska akadémia uZ v roku 2013 poukazala
na to, ze francuzsky, nemecky a Spanielsky jazyk predstavuju priblizne polovicu
dopytu po jazykovych zru¢nostiach v cudzom jazyku (2015, 121), pricom ako
sektory s vyssou potrebou znalosti cudzich jazykov uviedla kreativny priemysel,
vzdelavanie, financie, IT, odborné a podnikatel'ské sluzby, marketing a PR,
hotelierstvo a gastronomiu, dopravu, skladovanie a komunikacie.

Petr Vsetecka v knihe Projektové myslenie uvadza, Zze Eurdpsky parlament
a Rada Europskej unie vymedzili vo svojom odporucani celkovo osem
kl'a€ovych sposobilosti, na ktoré by sa mali krajiny Eurdpskej tinie zamerat’ pri
celozivotnom vzdelavani svojich ob¢anov. Ide o komunikaciu v materinskom
jazyku, komunikéaciu v cudzich jazykoch, matematicki sposobilost’ a zakladné
sposobilosti v oblasti vedy a techniky, digitalnu sposobilost’, schopnost’ naucit’
sa ucit, spolocenské a oblianske spdsobilosti, zmysel pre iniciativnost
a podnikanie a kultdrne povedomie a vyjadrovanie (2017, 11). Humanitné vedy
(medzi nimi i filologia), poskytuju jednotlivcovi schopnost’ rozvijat’ toleranciu
a akasi otvorenost’ vocCi rozdielnym kultiram i spoloCnostiam, rozvijaji
komunikaciu v cudzom, acez pracu stextom, iv materinskom jazyku.
Schopnost’ analyzovat’ a interpretovat’ texty z r6znorodych komunikacnych sfér
u¢i jednotlivca aplikovat’ kritické myslenie a rozvija ijeho emocionalnu
inteligenciu. Jazykova kompetencia je prostriedkom rozvijania medzikultirneho
dialogu aposilituje i vyjadrovacie schopnosti, ¢o pomaha porozumiet
odliSnostiam 1 kultirnemu kontextu krajin, ktorych jazyk sa jednotlivec uci, €o
je zakladnym atribGtom spravneho fungovania medzinarodného pracovného
timu.

Dalsim krokom bolo urobit’ prieskum §irokej ponuky §tudijnych programov
na slovenskych univerzitach, ¢o sa sustred’uji na vyucovanie cudzich jazykov.
Aj ked’ v naSich suradniciach v suvislosti s anglickym a nemeckym jazykom
existuje dlhodobd tradicia Studijnych programov zmeranych na cudzie jazyky v
hospodarskej praxi, moznost’ Studovat’ romanske jazyky v inom nez ucitel'skom
¢1 translatologickom kontexte bola donedévna viac nez ojedinel4d. Rovnako tak 1
rozhovory s riaditel'mi bilingvalnych gymnazii na Slovensku poukazali na to, ze

& [SJupply chains and the increasing benefits of the free movement of goods and servicies within the EU appear
to be extending demand for foreign language skills. While business using foreign languages skills appear to
benefit from this, those that do not may not be realising their potential.
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absolventi bilingvéalneho stredoSkolského Stidia po dalSom rozvijani svojich
jazykovych kompetencii z cudzieho jazyka pri vol'be vysokej Skoly nesiahaju.
Toto zistenie bolo pre nas zasadnym pri formulovani zamerania nového
Studijného programu.

V roku 2021 Ustav cudzich jazykov pri Technickej univerzite vo Zvolene
publikoval recenzovany zbornik Aplikované jazyky v univerzitnom kontexte VIIlI,
z ktorého vyplyva, Ze na Slovensku sa rozvijaji Specifické modely Stadia
cudzich jazykov pre medicinske UucCely, policajni a bezpeCnostnil prax,
kriminologiu i obchodnu angli¢tinu.

Ako sme uz naznacili, sacastou politiky Europskej tnie je rozvijanie
jazykovych zru¢nosti s cielom efektivnej komunikacie v multikultdrnom
a multilingvalnom prostredi Europy, preto sa Coraz vicsi doraz kladie na
interkultirnu kompetentnost’, plurilingvizmus a transfer jazykovych znalosti.

Pod pojmom interkultirna kompetentnost’” rozumieme ,,spdsobilost’ jedinca
realizovat’ s vyuzitim osvojenych znalosti o Specifikdch narodnych/etnickych
kultir a prislusnych zruénosti efektivnu komunikaciu a spoluprdcu s
prislusnikmi inych kultur. Zakladom interkultirnej kompetentnosti je jazykova
vybavenost’ jednotlivca a reSpektovanie kultirnych Specifik partnerov* (2010, s.
46). Stadium filologicky zameranych $tudijnych programov rozvija zruénosti,
kompetencie avedomosti nielen z oblasti stavby jazyka ¢i jeho vyvinu, ale
sustreduje sa i1na jeho vyuzitie v SirSich spoloCenskych, pragmatickych
a kultirnych suvislostiach, ¢o u u¢iaceho sa vytvara predpoklad na dosiahnutie
solidneho zakladu pre jeho d’alSie profesionalne pdsobenie.

To nés podnietilo zamysliet’ sa nad tym, v akych profesidch je znalost’ viac
nez jedného cudzieho jazyka viac nez ziadanou a tvori integralnu sucast
portfélia zruCnosti a sposobilosti pre vykon danej profesie. Sucasne sme
uvazovali aj o istej univerzalnosti absolventa filologického Studijného programu,
¢o by ho preduréovala na uplatnenie tak v sukromnej sfére, ako iv Statne;
sprave. Prave to nas priviedlo k profesii projektového manazéra, na ktora sme sa
v d’alSom kroku prieskumu sustredili.

Vysledky prieskumu trhu prace jednoznaéne poukazali na vysoky dopyt po
projektovych manazéroch, Co potvrdila ponuka najvicSieho slovenského
pracového portalu profesia.sk (v sti¢asnosti je pod heslom projektovy manazér
mozné najst’ az 4637 pracovnych ponuk v Bratislavskom, 1626 v Trnavskom,
1469 v Nitrianskom, 1461 Kogickom, 1418 Zilinskom, 1381 v Tren¢ianskom,
1206 v Banskobystrickom a 1019 v PreSovskom kraji)’. Preto sme sa rozhodli
oslovit’ tri asocidcie projektového riadenia na Slovensku, Project Management

7 Ciselny udaj pracovnych ponuk k heslu ,,projektovy manazér” vo vyhl'adavani slovenského pracovného portalu
Profesia.sk bol ku ditu 29.11.2025 (dostupné na https://www.profesia.sk/praca/projektovy-manazer/). V pripade
zahrani¢ia méZeme hovorit’ o eSte va¢Som dopyte. Francizska verzia pracovného portalu indeed.com ponuka k
rovnakému datumu viac ako 9000 pracovnych ponuk pre heslo ,chef de projet® (dostupné na
https://fr.indeed.com/qg-chef-de-projet-emplois.html?vjk=bcd348c65913709f) a pdvodna anglicka verzia ponika
az vySe 78 000 pracovnych ponuk pre heslo ,project manager (dostupné na
https://www.indeed.com/jobs?q=project+manager&l=&from=searchOnHP &vjk=fed32f6eb3947535).
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Institute Slovakia Chapter (dalej len PMI Slovakia Chapter), International
Project Management Association Slovakia (IPMA Slovakia) a Komoru
projektovych manazérov (KPM) a poziadat’ ich v tejto suvislosti o odborné
konzultacie.

Predstavitelia jednotlivych asociacii nas nasmerovali na sériu dokumentov,
ktoré sme ndm neskor posluzili ako podklad pri vypracovavani akreditacného
spisu nového profesijne orientovaného Studijného programu.

Podl'a PMI Talent Gap Report 2025 len Eurdépa potrebuje do roku 2035
zvysit kvalifikaciu az o 3,47 miliona novych projektovych profesionalov,
pricom do roku 2035 sa ocakava, ze dopyt vzrastie na 10,8 -11,3 milidna, ¢o
predstavuje narast 0 20 — 25%. Je nutné vziat’ do uvahy, Ze prieskum odhaduje,
ze priblizne 1,17 miliéna profesiondlov pdjde do penzie. Pre porovnanie, v roku
2021 sa uskutocnil podobny prieskum, ktorého vysledkom bola sprava Talent
Gap: Ten-Year Employment Trends, Costs, and Global Implications, ktora
poukézala na to, Ze¢ do roku 2030 bude globalna ekonomika potrebovat’ 25
miliébnov novych odbornikov na projektoveé riadenie. ,Na zaplnenie tejto
medzery v talente bude musiet do zamestnani orientovanych na projektové
riadenie (PMOE) kazdy rok vstapit’ 2,3 miliona I'udi“. Podl'a spravy PMI Talent
Gap Report z maja 2025 celosvetovy dopyt po projektovych profesionaloch do
roku 2035 vzrastie na 30 milionov.

Ziskane udaje viedli k zaveru, Ze prepojenie filologického vzdelavania
s projektovym manazmentom by mohlo predstavovat efektivhu odpoved’ na
stc¢asné vyzvy vzdelavania v oblasti cudzich jazykov a reagovat’ tak na dopyt na
trhu prace, ¢o potvrdili aj individudlne rozhovory so zéastupcami sektoru
projektovych manazérov na viacerych odbornych konferenciach a podujatiach,
medzi inymi konferencia eFocus Inovacie v projektovom riadeni, ktord sa
konala 23.10.2024 alebo IPMA SENET 2024 Bratislava z dia 18.6.2024.

V tomto kontexte sa na Filozofickej fakulte Univerzity Konstantina Filozofa
v Nitre zaciatkom roka 2024 iniciovalo vytvorenie inovativneho Studijného
programu Cudzie jazyky v projektovej praxi, ktory kombinuje $tadium filologie
so zakladmi projektového manazmentu.

2 Vznik a charakteristika Studijného programu Cudzie jazyky
v projektovej praxi

Predmetny Studijny program je koncipovany ako jednoodborové profesijne
orientované bakalarske $tadium a spliia oficialne Kritéria akreditacie profesijne
orientovanych bakalarskych programov vysokoskolského vzdelavania. Je
akreditovany v Studijnom odbore filologia, avzdelava Studentov v cudzich
jazykoch, ktoré vyucuje v kontexte projektového riadenia. Tato koncepcia spaja
jazykové, interkultirne aprofesijné projektovo-manazérske  zru¢nosti.
Vytvoreny Studijny plan a obsahova napln jednotlivych predmetov koreluje s
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deklarovanym filologickou orientaciou, a to v rdmci blokov povinnych i povinne
voliteI'nych predmetov.

Medzi povinné predmety sme zaradili lingvisticke discipliny, prakticke
cvienia a seminare z odborného jazyka, ako aj pracu s odbornym textom.
Povinne volitel'né predmety ponukajii prehibenie lingvistickych poznatkov a
jazykovych kompetencii profilového jazyka. V ramci Stadia cudzich jazykov si
Studenti volia jeden medzi francizskym, Spanielskym, talianskym alebo
nemeckym jazykom, pricom sa formuju aj v nevyhnutnom anglickom jazyku
s konkrétnym zameranim na odbornd komunikéciu a terminolégiu projektového
manazmentu.

Pri tvorbe Studijnej Casti orientovanej na projektové riadenie, sme vychadzali
z Eurdpskej klasifikdcie zrucnosti/kompetencii, kvalifikdcii a povolani (ESCO),
ako aj z charakteristiky vSeobecnych a Specifickych klI'i€ovych kompetencii,
odbornych vedomosti a odbornych zru¢nosti definovanych v rdmci projektu
Sektorovo riadené inovacie Ministerstva prace, socialnych veci a rodiny SR.
Vychéadzajic z uvedenych skutocnosti sme medzi povinné predmety zaradili
zéklady projektového riadenia a predmety o rozvijaji komunikacné a
prezenta¢né schopnosti, ako aj d’alSie méakké zru¢nosti.

Jednym z najvyraznejSich praktickych aspektov Stadia, ktoré vychadzaju z
kritérii profesijne orientovaného programu, je systematické prepojenie vyucby
s praxou. Odbornd prax, ako povinny predmet, je rozloZena na Styri semestre,
v druhom a trefom ro¢niku, a Studenti ju absolvuju vo firmach a instituciach
a implementovanym projektovym riadenim. Rovnako maju $tudenti moznost’
prakticky sa formovat’ prostrednictvom stdzi, z ktoré tvoria sucast’ portfélia
vyberovych predmetov. V ramci praktického vzdelavania a stazi maji moznost’
podielat sa na vedeni menSich projektov v spolo¢nostiach a institiciach
s medzinarodnym presahom, ¢o predpoklada komunikaciu v cudzom jazyku.
Takto koncipovany model vzdeldvania umoziuje rozvijat’ nielen odborné
jazykové kompetencie, ale aj manazérske a interpersonalne zru¢nosti. Zaroven
poskytuje moznost’ bezprostredne spoznat' a zazit'® autentické pracovné
prostredie.

3 Profil absolventa a prinos programu

Profil absolventa Studijného programu Cudzie jazyky v projektovej praxi
zahfiia subor teoretickych vedomosti z oblasti systémov cudzich jazykov,
medzikultirnej komunikacie i zédkladov projektoveho riadenia a praktické
schopnosti a zru¢nosti, ¢o ho predurcuju na vykon profesie junior projektového
manazéra ¢i koordinatora projektovej kancelarie, ato Vv medzinarodnom
kontexte. Absolvent disponuje vysokou uUroviiou komunika¢nych zrucnosti
v dvoch cudzich jazykoch a v kombinacii so znalost'ami zakladnych principov
projektového riadenia a schopnostou efektivne komunikovat” v medzinarodnom
prostredi je pripraveny vykondvat povolania, ktoré si vyzaduju samostatny
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tvorivy a koncepény pristup k zverenej ulohe. VyznaCuje sa rozvinutymi
organizanymi, prezentanymi a interkultirnymi kompetenciami, ktoré mu
umoziuju zastavat’ pozicie asistenta projektového manazéra, ¢lena projektovych
timov vo vicsich organizaciach ¢i komunika¢ného koordinatora v nadnarodnych
projektoch.

Z hladiska teoretického ukotvenia predstavuje program Cudzie jazyky
v projektovej praxi prispevok k trendu interdisciplinarneho vzdelavania, ktoré
prepaja humanitné discipliny s manazérskymi a technologickymi oblastami, ¢im
reaguje na spolocenskl potrebu prepojit’ jazykovu kompetenciu s aplikaénymi
a profesijnymi zru¢nost’ami.

Buddci rozvoj programu sa spaja S viacerymi vyzvami. Patri medzi ne
rozSirovanie siete partnerov zpraxe, ako aj systematické prepéjanie
akademického a profesijného prostredia (nielen) vramci organizacie
vyuCovania, ale 1 realizdcie odbornych podujati. Dlhodobym cielom je
etablovat’ Studijny program ako model interdisciplinarneho vzdelavania, ktory
dokdZe pruzne reagovat na potreby pracovné¢ho trhu apodporovat
konkurencieschopnost’ absolventov v medzindrodnom prostredi.

Zaver

Zaverom mozno konstatovat, Ze Studijny program Cudzie jazyky v projektovej
praxi predstavuje inovativny prienik medzi filologickym a manazérskym
vzdelavanim. Spéja jazykové a interkultirne zruc¢nosti s praktickymi poznatkami
Z oblasti riadenia projektov, ¢im otvara nové moznosti profesijného uplatnenia
absolventov. Zaroven potvrdzuje, Ze filolégia ako disciplina ma potencial
prisposobit’ sa aktualnym potrebam spoloc¢nosti a transformovat’ sa smerom
k modernym, aplika¢ne orientovanym formam vysokoskolského vzdelavania.
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VPLYV OCENOVACEJ METODY NA CSM PODLA
STANDARDU IFRS 17

THE IMPACT OF THE MEASUREMENT METHOD ON CSM
UNDER IFRS 17

Alzbeta DUBOVSKA!

Abstrakt:

Standard IFRS 17 predstavuje zdsadni zmenu v spdsobe vykazovania a
ocefiovania poistnych zmlav. Jeho cielom je zabezpelit jednotnost,
transparentnost’ a porovnatelnost’ finan¢nych vykazov poistovni. Tento
prispevok sa zameriava na analyzu ocenovacich metéd — General Measurement
Model (GMM) a Variable Fee Approach (VFA) — aplikovanych na modelove
portfolio investiéného zivotného poistenia. Cielom je porovnat’ tieto metddy,
predovsetkym spdsob rozpustiania zmluvnej servisnej marze (CSM) a jeho vplyv
na priebeh zaviazkov a vysledok hospodarenia poistovne. Vysledky ukazuju, Ze
napriek podobnej Strukture oboch metdd dochadza pri VFA k mierne odliSnej
dynamike rozptStania CSM, ¢o ma dopad na vysku vykazaného zisku a Casovy
profil poistnych zavéazkov.

KPlucoveé slova:
IFRS 17, investi¢né Zivotné poistenie, GMM, VFA, CSM.

Uvod

Standard IFRS 17 - Poistné zmluvy je medzinarodny Gé¢tovny $tandard, ktory
upravuje vykazovanie, ocefiovanie, prezentdciu a zverejiovanie poistnych a
zaistnych zmldv. Vstapil do platnosti 1. januara 2023 a tym nahradil
predchadzajuci IFRS 4 - Poistné zmluvy. Jeho ciel'om je priniest’ jednotny pristup
k uctovaniu poistnych zmliv a zvysit' transparentnost, konzistentnost’ a
porovnatelnost’ finanénych vykazov poistovacich spolo¢nosti.

IFRS 17 definuje poistni zmluvu ako taku, v ktorej poistovatel prebera
vyznamné poistné riziko od poistnika vymenou za zavdzok poskytnat
odskodnenie v pripade nastania poistnej udalosti. Tymto spésobom sa Standard
mobze vzt'ahovat’ nielen na poistovne, ale aj na iné subjekty, ktoré uzatvaraju
zmluvy so znakmi poistného rizika.

S poistnymi zmluvami sa podl'a IFRS nema zaobchadzat” individuélne, ale mali
by sa organizovat’ do skupin. Agreguju sa na troch drovniach: prvou je rozdelenie

! Ing. ALZBETA DUBOVSKA, Katedra matematiky a aktuarstva, FHI Ekonomicka univerzita
v Bratislave, alzbeta.dubovska@euba.sk.
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na portfolia, ktoré sa zameriava na typ rizika a sp6sob riadenia; druhou je ¢asové
hl'adisko, ktoré zohl'adituje obdobie vzniku zmluv; a tret'ou je uroven skupiny,
ktora sa sustred'uje na ziskovost’ zmlav. Tieto Grovne zabezpecujl, Ze poistné
zmluvy st spravované a vykazované v kontexte, ktory zohladnuje ich
charakteristiky a rizikd. Ocenovanie poistnych zavidzkov sa pritom realizuje
prostrednictvom troch hlavnych metod:

» zakladna ocenovacia metoda (angl. General Measurement Model - GMM),

« metdda variabilného poplatku (angl. Variable Fee Approach - VFA),

« metdda alokéacie poistného (angl. Premium Allocation Approach - PAA).

Tento prispevok sa zameriava na prvé dve metédy — GMM a VFA — a ich
aplikaciu na modelové portfolio investicného Zivotného poistenia. Cielom je
identifikovat’ odli§nosti v oceiovani a v priebehu rozptiistania CSM v Case.

1 General Measurement Model

Tento zakladny model ocenovania sa pouziva pre vac¢sinu dlhodobych zmluv.
Nazyva sa aj Building Block Approach (BBA), ked’Ze v sebe zahfiia tzv. stavebné
bloky. Na obrazku 1 vidime, Ze sa sklada zo 4 blokov. Penazné prijmy a vydavky
sa spajaju do jedného bloku: Ocakdvané budiice penazné toky. St to penazné toky,
ktoré poistovia ocCakava, ze prijme a vyplati. Vypocitavaja sa na zaklade réznych
objektivnych scendrov a zahfiaju rézne petiazné toky, ako st vydavky na spravu
a prevadzku poistnych zmlav, poistné plnenia a poistné. Druhy blok je Risk
Adjustment (RA), vol'ne interpretovany ako rizikova uprava o nefinanéné rizika.
Predstavuje sumu, ktorou si poistovita kompenzuje neistotu v ocakavanych
penaznych tokoch, najma v savislosti s poistnym rizikom (riziko, Ze nastane viac
poistnych plneni alebo su vicsie, nez sa oCakavalo). Vyska zavisi od toho, ako
velmi je poistoviia ochotna prijat’ neistotu ohl'adom budicich plneni a inych
zavazkov zo zmluv. Contractual Service Margin (CSM) alebo zmluvna servisna
marza predstavuje nezasluzeny zisk zo zmluvy, ktory poistoviia dosiahne, ak sa
jej predpoklady naplnia. Je to suma, ktora zostava po odpocitani oakavanych
prijmovych a vydavkovych petiaznych tokov a Gpravy o riziko. Ak je tento sucet
negativny, namiesto CSM sa pouziva komponent straty (angl. Loss Component -
LC), ktory plati pre stratove zmluvy. Posledny blok je diskontna sadzba. Vsetky
uz spominané prvky zohl'adiiuju ¢asovi hodnotu penazi a su diskontované touto
sadzbou do sucasnosti, aby odrazali ¢asové obdobie a finan¢né riziko zmluvy
(Grant Thornton, 2023).

Sucasna hodnota budicich penaznych tokov (angl. Present Value of Future
Cash Flows - PV FCF) sa oznacuje ako najlepsi odhad zavédzku (angl. Best
Estimate Liability - BEL). Celkovy zavazok sa roz¢lenuje na:

a) Zavazok zostavajuceho krytia (angl. Liability for Remaining Coverage -
LRC): tento zavdzok sa vzt'ahuje na poistné krytie buducich poistnych
udalosti. Ide 0 ocakavané penazné toky, ktorych vyska ani ¢as nastatia sa
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nevie, ale odhaduje sa na zaklade réznych predpokladov. Pri prvotnom aj
naslednom ocenovani sa tento zdvidzok vypocita ako sucet: oCakavanych
penaznych tokov, RA a CSM.

b) Zavazok za vzniknuté plnenia (angl. Liability for Incurred Claims - LIC):
je zéavdzok zahfiiajiici vSetky naklady a naroky spojené s poistnymi
udalost’ami, ktoré uz nastali, vratane tych, ktoré eSte neboli nahlasené.
Predstavuje sucet oCakavanych penaznych tokov a RA. CSM v tomto
pripade nehra Ziadnu ulohu, pretoze LIC sa vzt'ahuje na udalosti, ktoré sa
uz stali, a nezohl'adiiuje buduce zisky ani poskytovanie sluzieb.

Sucasna hodnota buddcich periaznych tokov

A
Buduce
Buduce penazné RA
penfazné vydavky Diskontovanie
prijmy
CSM
Nula
Sucasna hodnota budducich periaznych tokov
Buduce
enazné
P . Buduce
prijmy N,
Nula penazné
vydavky
. . RA LC
Diskontovanie v

Obr. 1: Prvotné ocenenie podla GMM metddy, vlastné spracovanie

2 Variable Fee Approach

Metdda variabilného poplatku je modifikacia metody GMM a uplatiuje sa
hlavne pre poistné zmluvy zivotného poistenia. Zatial’ ¢o metoda PAA je voliteI'na
a modze sa pouzit iba v pripadoch, ked zmluvy spiiaji poZziadavky na
zjednodusené ocenenie, pristup VFA je povinny pre vSetky poistné zmluvy s
priamymi uc¢astami (angl. direct participating contracts), ktoré spliajt
nasledujace kritéria (SAP, n.d.):

e poistnik ma narok na podiel z jasne definovanej skupiny podkladovych aktiv

(angl. Underlying Items — Ul),

e uctovna jednotka predpokladd, ze poistnikovi vyplati vyznamnt cCast

vynosov z reélnej hodnoty tychto podkladovych aktiv,
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e uctovna jednotka ocCakdva, ze podstatnd Cast’ akychkol'vek zmien vo
vyplacanych sumach poistnikovi sa bude menit’ v zévislosti od zmien v
realnej hodnote podkladovych aktiv.

Pri produktoch spadajucich pod VFA investi¢né riziko znasa klient a jeho
vynos sa priamo viaze na vykonnost’ urcitych aktiv, napriklad investi¢né fondy,
akcie, dlhopisy alebo iné finan¢né nastroje. Za spravu tychto aktiv si poistovia
uctuje poplatok nazyvany ,variabilny poplatok® (angl. Variable Fee - VF).
Hodnota tohto poplatku sa meni v zavislosti od hodnoty aktiv. Teda kone¢ny
zavazok poistovne voci poistnikovi sa rovna sume realnej hodnote podkladovych
aktiv zniZzeny o variabilny poplatok. Tento poplatok zahfiia podiel poistovne na
redlnej hodnote podkladovych aktiv, minus peniazné toky nezavislé od vynosov z
tychto poloziek (IASB?, 2020).

V pociato¢nom oceneni metdoda VFA dosahuje rovnaké vysledky celkoveého
zavazku ako metdoda GMM. Je to spdsobené nulovou realnou hodnotou
podkladovych aktiv, kedZe poistné eSte nebolo prijaté a teda ani investované.
Rozdiel prichadza az v naslednom oceneni, kde sa CSM aktualizuje pri kazdom
vykazovani a obe metody beru do Uvahy trochu iné Upravy. V pripade VFA sa
CSM neupravuje len o poskytovanie poistnych sluzieb, ale aj o zmeny v
hodnotach podkladovych aktiv, ktoré ovplyviiujii vysku variabilného poplatku.
Tym sa zabezpeci, Ze zisky alebo straty, ktoré poistovatel’ realizuje v dosledku
zmeny v cene aktiv, sa neuctuji priamo do vysledku hospodarenia, ale
prostrednictvom Upravy CSM — ¢im sa minimalizuje volatilita u¢tovného zisku.

Variabilny N ) .
. Sucasna
Sucasna
hodnota
hodnota i
. vydavkov
prijmov

Obr. 2: Prvotné ocenenie podla VFA metody, vlastné spracovanie

Obrazok 2 ukazuje, Ze variabilny poplatok je pri poCiatonom oceneni zhodny
so su¢tom RA a CSM. V kazdom dalSom oceneni sa sufasna hodnota
variabilného poplatku (angl. Present Value of Variable Fee — PV VF) rovna
rozdielu sti¢asnej hodnoty podkladovych aktiv (angl. Present Value of Underlying
Item — PV UI) a sucasnej hodnote buducich penaznych tokov.

2 International Accounting Standard Board - Rada pre medzinarodné ti¢tovné $tandardy
58



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktdber 2025

3 Contractual Service Margin

Zakladnym konceptom IFRS 17 je zmluvnd servisnd marza. Predstavuje
nezasluzeny zisk skupiny poistnych zmlav z poistnych sluzieb, ktory poistovatel’
o¢akava v buducnosti. Standard IFRS 17 zadava spolognostiam povinnost
vyuzivat’ odborny tsudok pri ur¢ovani vstupnych Gdajov, predpokladov a metéd,
ktoré ovplyviuji CSM v kazdom u¢tovnom obdobi.

Podl'a smernice Solventnost’ II sa pri uzatvdrani novej zmluvy vykazuji v
stivahe ziskové zmluvy ako zaporny zavizok, ¢ize aktivum, a stratové zmluvy ako
kladny zavédzok. Poistovatelia tak okamzite pri uzatvoreni zmluvy kapitalizuju
zisky Ci straty, ktoré sa o¢akavaju na zaklade tychto zmliv pocas ich Zivotnosti.
IFRS 17 sa odklana od tohto ekonomického pohl'adu a zavadza nové principy.
Prvy princip hovori o tom, ze ak poistovatel’ uzavrie ziskovii zmluvu, nesmie mu
byt’ dovolené okamzite vykazat’ vSetky oCakavane zisky z tejto zmluvy. Namiesto
toho musi tieto zisky postupne rozkladat’ v ¢ase. Druhy princip sa zameriava na
stratové zmluvy. Tu je to presne naopak, poistovatel’ nesmie rozlozit’ straty v
Case, ale musi ich okamzite vykazat’ vo vykaze ziskov a strat (Yousuf et al., 2021).

Ako na kazdom inom trhu, tak aj v poistovnictve sa skusenosti neustale
vyvijaju. Ich vplyv sa moze lisit' od pévodnych predpokladov. IFRS 17 preto
zavédza princip, ktory vyzaduje pravidelnti aktualizaciu CSM, aby presne
odrazala najnovsie fakty a okolnosti. Zmeny mo6zu byt priaznive, ¢o vedie k
zvySeniu CSM, alebo nepriaznivé, Co spdsobi jej znizenie. Ak vSak zniZenie
presiahne hodnotu CSM, zmluva sa z oCakavanej ziskovej stdva stratovou. V
takom pripade poistovatel’ nemodze rozlozit’ oCakavane straty v Case, ale musi ich
okamzite vykazat'. To sa realizuje najprv zruSenim CSM a nasledne vytvorenim
LC na zohl'adnenie zostavajuceho prebytku (Yousuf et al., 2021).

1.1 Ohodnotenie CSM
Pri pociatocnom oceneni sa CSM vypocita zo sucasnej hodnoty buducich
penaznych tokoch a diskontovanej rizikovej Upravy. Dany vypocet je pri vSetkych
metddach rovnaky:
CSM = max{PV FCF — RA, 0} (1)

Pri kazdom d’alSom vykazovani sa CSM vy¢islena pri poc¢iatocnom oceneni
aktualizuje v ramci modelov GMM a VFA, ako znazoriuje tabul’ka 1.

Tabulka 1: Aktualizacie v rdmci modelov

GMM |VFA
Nové zmluvy pridané do skupiny ano ano
Zmeny v plneni peiaznych tokov, ktoré sa tykajua buducich sluZieb |ano ano
Urok pripo¢itany ku CSM pocas obdobia ano
Podiel poistovatela na zmendch realnej hodnoty podkladovych ano
polozZiek
Kurzoveé rozdiely ano ano
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| Uvolnenie do zisku lano  |éno |
Zdroj: viastné spracovanie podla EFRAG®

Zmeny v penaznych tokoch vychadzaja predovSetkym z Gprav rozdielov medzi
povodnymi odhadmi a skutoCnost'ou, ktoré zahfiiaji prijaté poistné, poistné
plnenia alebo investicné komponenty. Tieto zmeny sa vzt'ahuju na buduce sluzby
a premietaju sa do Uprav LRC. Naopak, zmeny v LIC neovplyviiujit CSM, ked'ze
sa tykaju uz poskytnutych aktualnych alebo minulych sluzieb.

Pri kontraktoch podla GMM sa k CSM pripisuju uroky prostrednictvom
diskontnej sadzby stanovenej pri pociatocnom uznani kontraktu, znamej ako
,locked-in rate“. Tato sadzba sa urCuje v sulade s pravidlami IFRS 17 pre
diskontovanie nominalnych penaznych tokov, ktoré nie si ovplyvnené vynosmi z
podkladovych poloziek. Na druhej strane, pri VFA kontraktoch nie je vyZadované
explicitné pripisovanie Urokov na CSM. Avsak zmeny v ¢asovej hodnote penazi
a finan¢nych rizikdch, ktoré nevyplyvaju z podkladovych poloziek, upravuji
CSM prostrednictvom aktualizacie s pouzitim aktualnych diskontnych sadzieb.
Zmeny v podiele poistovatel'a na zmene realnej hodnoty podkladovych aktiv
taktiez vedl k Gprave CSM, pokial’ nebola uznana strata za stratové kontrakty
(EFRAG, 2018).

CSM sa rovnomerne rozdel'uje medzi aktudlne a budice obdobia uznanim jej
urcitej Casti do zisku. Tato Cast’ sa identifikuje na zaklade amortizacného faktora
(angl. Amortisation Factor - AF) vyuzivajuceho jednotky krytia (angl. Coverage
Units - CU). Predstavuje urcité percento, ktorym sa postupne rozpusta CSM az
sa na konci obdobia rozpusti jej celd vySka.

AF, = S0t 2
LY PVCU, @)
kde:
CU; predstavuje jednotku krytia v Case t,

YFPVCU, predstavuje sumu vSetkych jednotiek krytia od t-tého do n-tého
obdobia.

Urcit’ CU sa da viacerymi metodami podl'a poistného, poistnej doby, poistnej
sumy atd’. V nasom prispevku sme si vybrali moznost’ podla poistnej sumy.
CU = NoP * SA (3)

kde:
NoP je pocet zmluv (angl. Number of Policies),

% European Financial Reporting Advisory Group - Eurdpska poradna skupina pre finanéné
vykaznictvo
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SA je poistna suma (angl. Sum Assured).

1.2  Kalkulacia CSM v pociatoénom oceneni

V tejto Casti prispevku si predstavime modelové portfélio, na ktoré sme
aplikovali principy ocetiovania podl'a Standardu IFRS 17. Na vypocet CSM sme
vyuzili stavebné bloky metédy GMM, pricom porovnanie s metodou VFA
prebicha az v procese jeho rozpustania. Vsetky vypoclty sme realizovali v MS
Excel.

Vybran¢ portfolio tvori 1 000 rovnakych zmluv investiéného Zivotného
poistenia. Toto poistenie patri medzi poistné zmluvy s priamou tGéastou na
aktivach poistovne. Z tohto dovodu na neho mézeme aplikovat’ metodu VFA.

Modelovany poistny produkt je navrhnuty pre muza vo veku 30 rokov, ktory
uzatvara zmluvu na obdobie 10 rokov a plati poistné 130 € mesacne. V pripade
umrtia poistenca pocas poistnej doby sa opravnenym osobam vyplati vysSia z
dvoch hodnét. Bud’ minimalna garantovana poistnd suma vo vyske 3 000 € alebo
aktualna hodnota jednotkového fondu, do ktorého bolo investované poistné. V
pripade dozitia sa poistenca do konca poistnej doby je poistné plnenie rovné
hodnote fondu, bez garancie minimalneho plnenia. Do jednotkové fondu sa
investuje poistné znizené o poplatky, provizie vyplacané tretim osobam a iné
néklady priamo spojené s kontraktom. Tabul'ka 2 popisuje prehl'ad tychto znizeni.

Tabulka 2: Struktira poplatkov, provizii a nakladov priamo spojenych s kontraktom

Administrativny poplatok 5 % mesacne

Fixny administrativny poplatok 1,50 € mesacne

Kapitalovy poplatok 8 % posledny mesiac
Poplatok za spravu aktiv 0,20 % mesacne

Pociato¢na provizia 125 % z prveho poistného
Obnovovacia provizia 1 % z mesacného poistného
Pociatocné ndklady 80 € jednorazovo
Prevadzkové naklady 4 € mesaéne od druhého roka
Néklady spojené s poistnym plnenim | 10 € na kazda poistnu udalost’
z dévodu Umrtia poistenca

Zdroj: vlastné spracovanie

Pri ocefiovani poistnych zmliv podl'a standardu IFRS 17 zohravaju aktuarske
predpoklady kI'a¢ova Glohu, pretoze ovplyviiuju vysku o€akdvanych penaznych
tokov a vysledné hodnoty zavizkov. Medzi najddlezitejSie patria: Umrtnost,
stornovanost’ a diskontna sadzba. V nasom modeli sa mesa¢na amrtnost’ pohybuje
od 0,005 % - 0,008 % a diskontna sadzba okolo 1,25 %. Pri stanoveni
pravdepodobnosti storna sme brali do Givahy aj existenciu zrazok pri predéasnom
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vybere (angl. surrender penalty), ktoré moéZzu poistencov motivovat’ zotrvat’ v
zmluve a tym ovplyviuji vysku pravdepodobnosti storna v jednotlivych rokoch.

Tabulka 3: Miera stornovanosti v zavislosti od roku trvania zmluvy s prislusnym poplatkom

Rok Ro¢na miera stornovanosti | Zrazka pri pred€asnom vybere
1 10 % 50 %

2 6 % 30 %

3 2% 10 %

4+ 1% 0%

Zdroj: vlastné spracovanie

V pociatocnom oceneni sme na zaklade aktuarskych predpokladov urcili PV
FCF vo vyske 2 181 033,24 € a RA v hodnote 353 650,70 €. Doplnenim tychto
hodn6t do vzorca (1) sme vypocitali CSM vo vySke 1 827 382,54 €. Nasledne
bola CSM postupne rozpustana pomocou amortizaéného faktora, ktory sme
stanovili na zaklade jednotiek krytia. Tieto jednotky vyjadruji ocakavane poistné
plnenia pre pripad smrti v ramci celého portfolia.

Pred samotnou aplikaciou amortiza¢ného faktora sa CSM upravuje 0 viacerée
polozky. V pripade oboch metdd sa vdcSina tychto uprav tyka odchylok medzi
ocCakavanymi predpokladmi a skutocne dosiahnutymi vysledkami. Pri metode
GMM sa CSM navySe zniZuje o urok, zatial’ ¢o pri metéde VFA je osobitnou
polozkou podiel poistovatel'a na zmenach redlnej hodnoty podkladovych aktiv.

Na obrazku 3 je znazorneny priebeh rozptstania CSM naSho modelového
portfolia podl'a oboch ocenovacich metéd. Obe metddy vykazuji podobny
Klesajuci trend — pokles je spociatku pozvol'ny, avSak postupne sa zrychl'uje. Pri
metode GMM dochédza k rychlejSiemu zniZovaniu CSM v porovnani s metédou
VFA. Tento rozdiel je spdsobeny aplikaciou Urokov v ramci metody GMM.

Uroky znizuji hodnotu CSM na zadiatku obdobia (angl. beginning of period —
BoP) a ovplyviiuji aj tempo rozpustania v jednotlivych rokoch, pretoze
amortiza¢ny faktor sa uplatiiuje az po znizeni o uroky. Po odpocitani tiroku a
ro¢ného rozpustania ziskame hodnotu CSM na konci obdobia (angl. ending of
period — EoP), ktora zaroven predstavuje vychodiskovii hodnotu BoP na zaciatku
nasledujuceho roka.

Pri metéde VFA sa neaplikuje urok, ale podiel poist'ovatel'a na zmenach realne;j
hodnoty podielovych aktiv. Tento podiel vSak nie je mozné presne vycislit’ bez
vyuzitia scenarového modelovania, ¢o presahuje rozsah tohto prispevku.
Amortizaény faktor je preto aplikovany na CSM bez akejkol'vek Upravy, v
dosledku ¢oho je hodnota rozpustenia CSM za dany rok vysSia pri metode VFA
v porovnani s metodou GMM. Naopak, celkové znizenie hodnoty CSM je
vyraznejSie pri metode GMM, ked’ze v tomto pripade sa odpocitava aj urok,
ktorého hodnota prevySuje rozdiel medzi hodnotou rozpustenia jednotlivych
metod.
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Obr. 3: Porovnanie vyvoja CSM pri metéde GMM a metdde VFA, vlastné spracovanie

1.3 Nasledné ocenovanie

Po pociato¢nom oceneni nasleduje faza priebezného, tzv. nasledného ocenenia.
Zahtia pravidelné prehodnocovanie sicasnej hodnoty budicich petiaznych tokov,
rizikovej Upravy a zmluvnej servisnej marze, a to na zaklade novych informacii,
aktualnych skusenosti a zmenenych predpokladov.

V analyzovanom portféliu sme sa zamerali vyhradne na rozdiel medzi
ocakéavanym a skuto¢nym poctom umrti a zmlav, ktoré zanikli predCasne. Ostatné
aktualizacie, ako je napriklad zmena diskontnej krivky alebo Uprava parametrov
suvisiacich s nakladmi, sme v tomto pripade nezohladiovali. Tento pristup
umoziuje jednoznatne identifikovat a kvantifikovat vplyv zvolenych
skasenostnych odchylok na hodnotu CSM. Nasledne sa zameriame na spdsob,
akym sa tieto aktualizicie premietnu v uctovnictve a aky maju dopad na
Stvrtrocné financné vykaznictvo poistovne.

Tabulka 4 poskytuje prehlad ocCakavaného a skuto€ného poctu umrti a
predCasne vypovedanych zmlav za prvé tri mesiace sledovaného obdobia. Z
porovnania vyplyva, Ze realny pocet umrti bol vyssi, nez sa povodne
predpokladalo, zatial' ¢o pocet vypovedanych zmlav bol naopak niz$i oproti
ocakéavaniam.

Tabulka 4: Porovnanie skutocnych a ocakavanych hodnot
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Mesiac 1 2 3 Spolu
Skutocny pocet umrti 0 1 0 1
Ocakavany pocet aumrti 0,0234 | 0,0232 | 0,0230 | 0,0696
Skuto¢ny pocet vypovedania zmlav 10 8 5 23
Ocakavany pocet vypovedania zmlav | 8,7414 | 8,6648 | 8,5888 |25,9950

Zdroj: vlastné spracovanie

Vykaz ziskov a strat (P&L) poskytuje prehl'ad o vynosoch a nakladoch
vyplyvajucich zo zmluv uznanych podla Standardu IFRS 17. Na obrazku 4
vidime, ze je Struktirovany do dvoch hlavnych cCasti a to vysledok za poistné
sluzby a finan¢ny vysledok z poistenia. Této Struktira umoznuje oddelit’ polozky
tykajice sa poistnych sluzieb (napriklad prijmy z poistného ¢i zmeny zavizkov)
od tych, ktoré suvisia s finanénymi premennymi, ako je napriklad diskontovanie
alebo zmeny v investiénych predpokladoch. Tymto rozdelenim sa zvySuje
transparentnost’ a zrozumitelnost' vykaznictva pre pouzivatelov tuctovne;j
zavierky.

1. Vysledok za poistné sluzby -1636,71
1.1 Vynosy z poistnych sluZieb 244 548,88
CSMrozpustenie 612,68

RA rozpustenie 118,57
ocakavané poistné plnenia 3429,03
oCakdvané provizie 160 387,90
ocCakavané ndklady 80 000,70

1.2 Naklady na poistené sluzby 246 185,59
skuto¢nd vyska poistnych pleni 5544,34

skutocna vyska provizii 160 631,25

skuto¢nad vyska nakladov 80 010,00

2. Finan¢ny vysledok z poistenia 1 834,00
skutocné investi¢né vynosy z podkladovych aktiv 1826,41
nadbytok skuto¢ného oproti o¢akdvaného vynosu 7,59
Cisty finanény vysledok 197,28

Obr. 4: Vykaz ziskov a strat pri metode GMM, vlastné spracovanie

Vysledok za poistné sluzby je negativny, pretoze celkové ndklady prevysili
vynosy. Hlavnym doévodom je vyrazna odchylka medzi ocakdvanymi a
skutoénymi poistnymi plneniami. Je zrejmé, ze vyssi pocet imrti mal vacsi vplyv
na vysledok nez niz8i pocet vypovedanych zmlav. Na druhej strane, finan¢ny
vysledok z poistenia je pozitivny, ked’Zze skutocné vynosy z podkladovych aktiv
mierne prevySili povodné ocCakavania. Ked’Ze neaktualizujeme Grokovu krivku
teda vyvoj na finan¢nych trhov, tento narast mozno pripisat’ vysSiemu poctu
aktivnych poistnych zmlav v portféliu. V doésledku nizSej stornovanosti a
vysSieho poctu umrti ostalo v portfoliu viac platnych zmlav, co viedlo k va¢Siemu
objemu naakumulovaného poistného a teda aj vySSiemu investicnému zakladu.
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Pozitivny finan¢ny vysledok tak ¢iastoCne kompenzuje nepriaznivy vysledok za
poistné sluzby a v kone¢nom dodsledku prispieva k mierne kladnému ¢istému
vysledku vo vyske 197,28 €.

Na obrdzku 5 je znazorneny vykaz ziskov a strat pri pouziti metody VFA.
Vsetky polozky st zhodné ako pri metéde GMM, rozdiel vSak spociva vo vyske
rozpustenia CSM. Tato hodnota priamo ovplyviiuje vynosy z poistnych sluzieb, a
tym aj vysledok za poistné sluzby, €o sa nasledne premieta do celkového Cistého
finanéného vysledku. Pri metdéde VFA dosahuje poistoviia mierne nizsi zisk v
porovnani s metddou GMM. Napriek tomu, Ze rozdiel je relativne maly,
poukazuje na citlivost’ vysledného zisku na spdsob rozpustania CSM v ramci
jednotlivych ocenovacich pristupov.

1. Vysledok za poistné sluzby -1637,10
1.1 Vynosy z poistnych sluZieb 244 548,49
CSM rozpustenie 612,29

RA rozpustenie 118,57
ocakdvané poistné plnenia 3429,03
ocCakavané provizie 160 387,90
ocCakavané ndaklady 80 000,70

1.2 Naklady na poistené sluzby 246 185,59
skutocna vyska poistnych pleni 5544,34

skutoéna vyska provizii 160 631,25

skuto¢na vyska nakladov 80 010,00

2. Financny vysledok z poistenia 1 834,00
skutocné investicné vynosy z podkladovych aktiv 1826,41
nadbytok skuto¢ného oproti o¢akavaného vynosu 7,59
Cisty finan¢ny vysledok 196,90

Obr. 5: Vykaz ziskov a strat pri metode VFA, vlastné spracovanie

Zaver

V 1vode prispevku bol predstaveny Standard IFRS 17, pricom osobitna
pozornost’ bola venovana jeho hlavnym principom a podrobnej analyze
ocenovacich metod GMM a VFA. Nasledne bola pozornost’ zamerand na CSM
ako jeden z kliCovych prvkov ocetlovania poistnych zavidzkov, a to najma z
hl'adiska rozdielov v jej aktualizacii a rozpiStani pri jednotlivych metodach.

V praktickej casti prispevku boli principy IFRS 17 aplikované na modelové
portfolio investicného zivotného poistenia, na ktorom bolo mozné pozorovat
rozdielne spravanie CSM pri pouziti oboch ocetiovacich pristupov. Vysledky
analyzy ukdazali, Ze hoci metédy GMM a VFA vykazuji podobny trend vyvoja
CSM v case, rozdiely vznikaji v dosledku odlisného zaobchadzania s Urokovou
upravou a zohladnenim podielu poistovatel'a na zmenach redlnej hodnoty
podkladovych aktiv.
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Pri metdéde GMM dochadza k rychlejSiemu poklesu CSM z dovodu aplikacie
urokovej upravy, zatial' ¢o pri VFA je pokles miernejsi, no hodnota rocného
rozpustenia CSM je vyssia. Tieto rozdiely sa nasledne premietaju aj do uctovnych
vykazov, kde metdda VFA vedie k mierne nizSiemu vykazanému zisku.

Zistenia potvrdzuju, ze vol'ba ocenovacej metody ma priamy dopad na finan¢né
vysledky a interpretaciu poistnych zavizkov podl'a IFRS 17. Analyza zaroven
poukazuje na potrebu presného a konzistentného pristupu k aktualizaciam CSM,
ked’Zze aj relativne malé rozdiely v metodike mézu mat’ vyznamny vplyv na
vykazovany zisk poistovne a jej finan¢né riadenie.
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MODULARNY PRISTUP PROJEKTOVEHO RIADENIA
A UMELEJ INTELIGENCII VO VZDELAVANI

A MODULAR APPROACH TO PROJECT MANAGEMENT AND Al IN
EDUCATION

Martin HIRTL?, Henrieta HRABLIK CHOVANOVA?

Abstrakt

Prispevok rieSi prenikanie metdd projektového riadenia a nastrojov umelej
inteligencie do vysokoskolského vzdelavania. Ciel'om je overit’ modularny ramec
prepéajania vyucby s praxou. Vychaddzame zo sktisenosti z pilotnych prednésok,
programov rozvoja pedagogov a kurzov prisposobenych potrebam priemyslu.
Navrhujeme proces vzdelavania a ramec Skoleni s definovanymi metédami,
rolami, artefaktmi a spatnou vézbou. Pilotné nasadzovanie prebieha ako design-
based research s iteraciami a priebeZnym dolad’ovanim. Uvadzame odporicanie
pre Kanban a Critical Chain ako efektivne nastroje. Efektivitu posudzujeme podl'a
rozvoja projektovych kompetencii a kvality vystupov, podl'a priebehu a prenosu
postupov do praxe. Dbame na bezpecné vyuZzivanie Al, riadenie prostrednictvom
RACI matice, Stvrtroéné revizie a transparentny changelog. Diskutujeme
hodnotenie pre/post dotaznikmi, systematickym pozorovanim a reflexiami
ucastnikov.

Klucové slova
projektovy manazment; Kanban; Critical Chain; Al vo vzdelavani; hodnotenie
kompetencii

Abstract

The paper addresses the integration of project management methods and artificial
intelligence tools into higher education. The aim is to validate a modular
framework that connects teaching with practice. The work builds on experience
from pilot lectures, teacher development programs, and courses tailored to the
needs of industry. We propose an educational process and a training framework
with defined methods, roles, artifacts, and feedback mechanisms. Pilot
implementation is conducted as design-based research with iterative testing and
continuous refinement. Recommendations are presented for using Kanban and
Critical Chain as effective tools. The effectiveness is evaluated based on the
development of project competencies, the quality of outcomes, and the transfer of
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procedures into practice. Authors emphasize the safe use of Al, management
through a RACI matrix, quarterly reviews, and a transparent changelog.
Evaluation methods include pre/post questionnaires, systematic observation, and
participant reflections.

Key words
Project Management; Kanban; Critical Chain; Al in Education; Competency
Assessment.

JEL classification
123 Higher Education; D83 Search, Learning, Information and Knowledge; M53
Training

1 Introduction

The increasing use of digital technologies and artificial intelligence in
organisational settings is gradually shaping the expectations placed on future
project managers. Although the fundamental principles of project management
remain well established, contemporary practice increasingly incorporates
automation, data-driven decision-making and Al-assisted workflows.

This article addresses issues by examining the theoretical foundations of Al
in higher education and relating them to the current state of project management
instruction at MTF STU. Drawing on insights from a literature review and
practical findings from an industry-based exploratory initiative, the study outlines
a modular educational framework intended to incorporate digital and Al-
supported methods into project-based learning. The overarching goal is to
contribute to a gradual shift toward more flexible and practice-oriented learning
environments that reflect evolving project management workflows and
competency requirements.

2  Theoretical Foundations of Al-Enhanced Project Management
Education

The integration of artificial intelligence into higher education is widely
described as a central driver of digital transformation, reshaping instructional
design and influencing the competencies expected from graduates. In project
management education, Al is increasingly conceptualised not as an auxiliary
technological extension but as a structural factor that affects how knowledge is
delivered, assessed and applied. Recent systematic and conceptual studies
highlight that Al-enabled automation, predictive analytics and intelligent
decision-support tools are beginning to complement traditional project
management methods, prompting a re-evaluation of pedagogical approaches,
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competency frameworks and programme structures (Ajani et al., 2024;
Katsamakas et al., 2024; Zinkiv et al., 2025; Sultana, 2024).

From a pedagogical perspective, current research emphasises constructivist,
experiential and dialogic learning theories as suitable foundations for Al
integration in higher education. These approaches promote active engagement,
collaborative knowledge construction and reflective learning (processes that can
be strengthened through Al-based adaptive instruction, real-time feedback and
simulations of complex project environments) (Daniels, 2025; Kyselova, 2024;
Kotsis, 2025). Reported benefits include higher learner motivation and improved
acquisition of transferable competencies through Al-enhanced project-based
learning, game-based learning with Al-generated scenarios, and the use of large
language models for formative guidance (Nsair et al., 2024; Sahana et al., 2025).

A second major stream of literature focuses on the evolution of competency
frameworks for project managers working in Al-intensive environments.
Competency-based models (including those derived from DACUM) extend
established project management standards by defining new knowledge areas,
skills and sub-competencies related to Al literacy, data-driven decision-making
and the interpretation of predictive or prescriptive analytics (Psyché et al., 2023;
Oyekunle et al., 2024). These insights suggest that traditional bodies of
knowledge such as IPMA ICB®, PMBOK® and PRINCE2® require
complementary competencies that enable practitioners to combine algorithmic
outputs with human judgment in a balanced manner (Bodea et al., 2020; Mahfuz,
2025). At the same time, several authors warn that uncritical reliance on Al may
lead to the erosion of core innovation and problem-solving capabilities if human
expertise is not consciously maintained and strengthened (Bushuyev et al., 2024;
Menshikova et al., 2024).

Research further draws attention to risks associated with algorithmic bias,
opaqgue decision-making, data protection and academic integrity in Al-enhanced
learning environments (Leelavathi & Halkhoree, 2024; Alevizos et al., 2024;
Sultana, 2024). These challenges underscore the need for transparent, guided and
ethically grounded use of Al, supported by institutional policies, legal frameworks
and continuous professional development for educators (Levchenko and
Lukiianchuk, 2025; Murdan & Halkhoree, 2024; Wangdi, 2024). Without
adequate scaffolding, students may overestimate the reliability of Al-generated
content or fail to develop the independent critical judgment central to professional
project management practice (Krammer, 2023; Cook & Cook, 2024).

Finally, theoretical work on digital transformation and systems thinking
argues that Al integration must be holistic rather than additive. Al influences not
only instructional activities but also assessment structures, administrative
processes and the overall organisation of study programmes (Katsamakas et al.,
2024; Liew et al., 2024). In project management education, this perspective
supports the shift from rigid, linearly structured courses toward more flexible and
modular designs capable of accommodating technological advances, aligning
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learning outcomes with authentic project workflows and supporting personalised
learning paths (Mokiienko & Morozova, 2023; Mahfuz, 2025). These theoretical
foundations provide the basis for the subsequent evaluation of the current state of
project management instruction at MTF STU and inform the development of the
modular framework proposed in this study.

3  Research Design and Methodological Approach

The study applies a combined methodological approach integrating a
literature review, an analysis of the current Project Management course at MTF
STU, and insights derived from an industry-based exploratory initiative.

A review of publications from 2019 to 2025 was conducted to identify
theoretical foundations, pedagogical models and competency frameworks
relevant to the integration of Al into project management education. An initial set
of 1302 academic publications were retrieved through SciSpace and
complementary academic platforms. Following relevance screening, the synthesis
concentrated on studies addressing Al-enabled pedagogy, competency
development and institutional digital transformation in higher education.

The structure and content of the existing Project Management course at MTF
STU were examined through document analysis. Course materials declared
learning outcomes and methodological components were compared with insights
emerging from the literature review. The aim was to identify limitations related
to the course’s linear structure, its limited exposure to digital tools, and the
absence of guided Al-supported workflows. No interviews with instructors or
students were conducted, representing a methodological limitation. However, the
available documentation provided an adequate basis for comparative curricular
assessment.

Empirical insights were collected through a pilot series of Al-oriented
training activities developed for OSRAM. The exploratory phase involved
structured discussions with more than 30 employees across multiple departments,
including Global Business Services, Finance, Production, Internal Logistics,
Project Management, Purchasing, Controlling, Supply, Packaging and Quality.
The subsequent training sessions were attended by approximately 32 employees
and incorporated short “4L” retrospectives (Liked, Learned, Lacked, Longed
For), which supported iterative refinement and revealed common patterns in
digital skill gaps, routine task structures and opportunities for Al-supported
workflow improvements.

Together, these methodological components created a foundation for the
development of the proposed modular educational framework.

4 Analysis of Course Structure and ldentified Limitations

Project management education at the Faculty of Materials Science and
Technology of the Slovak University of Technology is provided through the
compulsory course Project Management, taught in the fourth semester of the
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master’s programme in Industrial Management. The course combines theoretical
lectures with practical sessions and reflects the structure of established project
management knowledge areas. It begins with an introduction to project
management methodologies and standards such as ICB®, PMBOK® and
PRINCE2®, followed by an overview of project lifecycle models. Subsequent
lectures address the project management cycle and project start-up activities,
including the preparation of the project brief, feasibility study and project
mandate. The initiation phase further includes start-up workshops, formulation of
benefits and objectives, stakeholder identification and the creation of a project
charter using the CANVAS approach.

A substantial part of the course is dedicated to project planning. Students are
taught to develop a Product Breakdown Structure (PBS) and a Work Breakdown
Structure (WBS), create project schedules based on effort and duration estimates,
identify milestones and prepare Gantt charts and network analyses. Planning-
oriented topics also include deliverable planning, resource planning through the
Organizational Breakdown Structure (OBS), responsibility matrices, human
resource plans, cost and budget planning, financing plans and risk management
plans. Additional lectures address communication, quality, procurement and
sustainability planning. Execution and control are covered through topics such as
project meetings, progress monitoring and corrective actions.

Further course sections introduce project selection methods (numerical and
non-numerical) and develop student understanding of Earned Value Management
(EVM). The logical framework approach concludes the thematic structure of the
course, culminating in the creation and interpretation of the logical framework
matrix.

According to the defined learning outcomes, students are expected to
acquire:

« An understanding of project management processes, methods and tools
(e.g., PBS, WBS, OBS, Logframe, EVM).

« Practical skills in applying project management methods and tools.

« The ability to use operational research methods for project selection,
planning, execution and control.

« Skills in project management processes using MS Project.

While the course provides a comprehensive and well-structured overview of
established project management methods, its predominantly linear structure limits
the integration of digital tools and constrains opportunities for students to engage
with Al-supported workflows. Contemporary project management practice
increasingly relies on digital environments that support automation, analytical
processing and decision-making. Introducing students to such tools (together with
guided instruction on their responsible and informed use) would strengthen their
preparedness for professional roles. Purposeful demonstrations of Al-supported
workflows, including key concepts such as tokenization, hallucinations and
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system limitations, could help students develop the critical judgment required for
effective and ethical interaction with Al tools.

The findings from the literature review align with these observed limitations.
Across higher education contexts, traditional linear course designs are
consistently identified as a barrier to adopting Al-enhanced methods such as
adaptive learning tools, Al-based simulations, automated assessment and
competency-oriented digital platforms. Although the MTF STU course fully
covers classical methodologies and planning techniques, it lacks Al-enabled
analytical or predictive components that are increasingly relevant to project
management practice. As a result, students are insufficiently exposed to
competencies emphasised in contemporary literature, including Al-supported
decision-making, enhanced documentation workflows, predictive planning and
Al-augmented risk evaluation.

Ongoing innovation activities at the faculty utilise collaborative robotic
station, visual guidance interfaces and Al-enabled inspection software to support
teaching in selected industrial management subjects. These technologies expose
students to hybrid human-technology workflows, where visual instructions, semi-
automated decision support and quality-control functionalities play a central role.
Such experiences present the relevance of integrating digital and Al-supported
elements not only into project management education. Particularly in areas related
to workflow design, task coordination and critical evaluation of automated
outputs.

Alignment between theoretical recommendations and the current state at
MTF STU reinforces the need for a more flexible, modular and digitally oriented
course structure. The modular educational framework proposed in this paper aims
to address limitations by integrating relevant digital and Al-supported methods
into project-based learning.

5 Development of the Modular Framework

The proposed modular framework was developed by insights gathered
during a pilot series of Al-oriented training sessions conducted with OSRAM.
Although the primary purpose of the OSRAM collaboration was corporate
training rather than academic instruction. The process used in initiative provided
an insight for designing an educational framework suitable for higher education.

The OSRAM training followed a sequence that proved transferable to the
academic environment. It began with defining clear objectives, proceeded through
an analysis of available digital tools and existing competencies, and culminated
in designing modular learning units supported by iterative feedback. Systematic
procedure directly inspired the architecture of the proposed educational
framework. Accordingly, the adaptation for university settings followed five
steps:

1. Clarifying the educational objectives. As in OSRAM’s initial alignment
phase, the academic framework begins with establishing what

72



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktdber 2025

competencies students are expected to achieve (related to responsible Al
use, workflow redesign, analytical reasoning and digital fluency in project
management contexts).

2. Conducting a structured analysis. Mirroring OSRAM’s exploratory phase,
the educational adaptation includes:

e An assessment of available institutional tools and licenses (e.g.,
Gemini, Notebook LM, Copilot, Jira, others).

e An analysis of students’ baseline Al knowledge.

e Arreview of student needs and expectations regarding digital and Al-
supported project work.

3. Designing the module catalogue. Drawing on OSRAM’s development of
thematic modules, the educational framework introduces a structured set of
learning blocks categorised into Shall, Can and Voluntary modules.
Structure ensures that essential competencies are covered while allowing
for learner-driven extension in more advanced areas.

4. Providing the modules to students. Similar to OSRAM’s deployment of
selected modules, the educational framework foresees integrating modules
into lectures, practical sessions and project-based assignments. Enabling
students to apply Al-supported methods in authentic project scenarios.

5. Establishing process rules and feedback mechanisms. Adapting OSRAM’s
“4L” retrospectives, the educational version incorporates short feedback
cycles to refine module content. Additionally, learning progress is
structured through the use of Kanban boards and elements of Critical
Chain Project Management, helping students visualise tasks, manage
workload and reflect on their learning trajectory.

The exploratory work at OSRAM further helped identify recurring task
patterns (documentation, planning, analysis and communication) which occurs
naturally in education or academic field as well. The integration of Al-enhanced
visual systems used for guiding manual tasks and inspecting component quality
also informed the emphasis on clarity, structured artefacts and iterative
verification within the proposed modules. Interacting with such systems requires
students to understand the logic of Al-supported evaluation, interpret visual cues
and respond to automated feedback. Competencies mirrored in the framework’s
focus on guided workflows and reflective learning. Based on these insights, a
preliminary catalogue of twenty-five thematic modules was drafted. Each module
contained a clearly defined learning objective, experience level and a thematic
focus. Ranging from foundational topics (e.g. how large language models
generate outputs) to applied areas involving workflow redesign, decision-support
tools and generative Al integration into traditional project management practices.
The catalogue of modules served as a concept for the academic framework.

The collaborative work with OSRAM informed three main design principles
of the final educational framework:
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1. Structured progression from fundamentals to application. Learners first
develop conceptual understanding of Al before applying it to the tasks.

2. Alignment of modules with authentic project tasks. Module content reflects
real planning, documentation and analytical routines observed in both
industry and student project work.

3. lterative refinement based on feedback cycles. The educational framework
builds on tested rapid-adjustment model. Which ensures that modules
evolve continuously based on student feedback and assessment results.

The resulting modular system comprises learning blocks that can be
combined, adapted or expanded to suit different educational contexts. Each
module includes:

e Clearly defined learning outcomes.

e A project management method or Al tool to be applied.

e Required student artefacts (e.g., workflow redesign, prompt
structures, planning outputs).

e A short feedback cycle.

e Guidance for further refinement.

Although developed in a different organisational setting, the OSRAM
experience provided insights into common task patterns, skill gaps and preferred
learning formats. These insights enabled the creation of a modular, practice-
oriented, and adaptable educational framework. It supports the integration of
digital and Al-supported methods into project-based learning and students’
readiness for contemporary project management practice

digital and Al-supported methods into project-based learning environments
in higher education.

6  Discussion

The findings of this study highlight the increasing relevance of integrating
digital and Al-supported practices into project management education. The
literature review indicates that higher education institutions face persistent
challenges when attempting to incorporate Al-enabled methods into traditionally
structured project management courses. These insights align with observations
from the current state analysis at MTF STU, where the course provides a strong
methodological foundation but offers only limited exposure to digital or Al-
assisted workflows. The modular system supports requirements by linking each
learning unit to clear outcomes and artefacts that reflect real planning,
documentation and decision-making tasks. Competency-based evaluation
therefore becomes an essential mechanism for understanding how effectively
students apply both classical project management tools and Al-enhanced methods
within project scenarios. This includes not only the observable quality of student
work but also the cognitive processes behind it.

The OSRAM pilot illustrates how Al-supported training benefits from an
iterative and data-driven approach. Conducted according to principles of design-
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based research, the initiative applied a mixed-method evaluation strategy that
combined quantitative and qualitative evidence. Although this evaluation is not
described in detail in the main methodological section, the pilot allowed us to test
an effective combination of pre/post questionnaires (analysed using a paired t-
test) to measure changes in participant competencies, together with structured
observation and reflective feedback collected through the 4L retrospective.
Quantitative results provided an indication of competency development, while
qualitative insights revealed recurring task patterns, the nature of digital skill gaps
and the need for guided Al workflows. These findings informed the architecture
of the proposed modular system and demonstrate its relevance for educational
settings. Building on this experience, we propose that future academic pilot testing
at MTF STU adopt a similar mixed-method evaluation logic, enabling continuous
refinement of the modules based on empirical evidence and student feedback.

7  Limitations and recommendations

Several limitations must be acknowledged when interpreting the current
study. First, the modular educational framework is presented in its conceptual and
developmental stage. While the OSRAM pilot provided valuable insights for
module design, the framework has not yet been deployed in the academic
environment. Planned evaluation methods were not implemented within the
university setting and remain part of the next phase of the research. Future pilot
cycles should apply these methods to capture changes in student competencies,
assess learning processes and verify how effectively Al-supported tasks are
integrated into project assignments.

A second limitation concerns institutional prerequisites required for
sustainable implementation. The successful integration of Al-supported learning
experiences depends on governance structures. To ensure transparency, safety and
long-term adaptability, it is recommended that institutions define a layer
encompassing role assignment through a RACI matrix, periodic (e.g., quarterly)
module reviews and the maintenance of a changelog documenting updates and
pedagogical adjustments. The safe use of Al should also be supported by explicit
guidelines clarifying acceptable use, data protection requirements and the
responsibilities of instructors and students when interacting with generative Al
tools.

Finally, while the modular system draws from authentic industrial
experiences, its transferability across different academic contexts may vary
depending on available infrastructure, institutional readiness and digital skill
levels of students and faculty. These factors should be considered in future
implementation and may require preliminary training or targeted support
measures.

75



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktdber 2025

8 Conclusion

This paper presented a proposal of modular educational framework designed
to enhance project management instruction through the integration of digital and
Al-supported methods. The framework responds to the growing need for flexible,
practice-oriented learning. The modular system emphasises structured
competency development by linking learning outputs to authentic project tasks
and incorporating iterative refinement mechanisms inspired by design-based
research. Future implementation will require comprehensive evaluation to assess
the framework’s effectiveness in improving student competencies and supporting
responsible use of Al tools. The planned adoption of mixed-method evaluation
offers basis for data-driven refinement. Establishing governance mechanisms,
will further contribute to the sustainability and reliability of the framework.

The proposed approach has the potential to strengthen students’ readiness
for digital project environments, support the development of analytical and
decision-making skills and contribute to the evolving landscape of project
management education. As pilot testing at MTF STU progresses, the framework
will continue to be adapted based on empirical evidence and user feedback,
ensuring its long-term relevance and applicability.

This article was written with the financial support of the project grant
provided by Nadacia Tatra banky as part of Grantovy program
VZDELANIE pre institacie 2024, " Vytvorenie edukacného kolaborativneho
pracoviska pre kontrolu kvality”. Mlady Vyskumnik No. 1348 **Advanced
Research and Skills Development in Al for Industry and Education™.
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VYUCBA PROJEKTOVEHO MANAZMENTU NA
UNIVERZITACH: PERSPEKTIVA A APLIKACIA
METODIKY IPMA

TEACHING PROJECT MANAGEMENT AT UNIVERSITIES:
PERSPECTIVE AND APPLICATION OF IPMA METHODOLOGY

Veronika HORNIAKOVA!

Abstrakt:

Clanok sa zaobera vyuzitim metodiky IPMA pri vyuébe projektového
manazmentu na vysokych Skolach. Cielom je identifikovat’ prinosy, obmedzenia
a navrhnut’ sylabus kurzu, ktory reflektuje kompetenény ramec IPMA. Vysledky
ukazuju, Ze kompetenény pristup IPMA prispieva k holistickému rozvoju
Studentov a zvySuje ich pripravenost’ na prax.

KPucové slova:
projektovy manazment, [IPMA, kompetencny model, vyucba, sylabus

Uvod

Projektovy manaZzment predstavuje kl'aicovu disciplinu v kontexte moderne;j
organizécie. Metodiky projektového riadenia zohravaja vyznamnd Glohu pri
zvySovani efektivnosti procesov, alokacii zdrojov a dosahovani strategickych
cielov.

Medzi najrozsirenejSie patria metodiky od Project management institute (PMlI),
spolo¢nosti  Axelos — Project in contrelled enviroments (PRINCE2)
a International project management association (IPMA). Pricom metodika IPMA
sa odliSuje predovsetkym svojim kompetencnym pristupom. Ten kladie dbraz na
technické, behaviordlne a kontextové kompetencie projektovych manazérov.

Cielom tohto ¢lanku je analyzovat’ moZnosti implementacie IPMA metodiky
do vysokoskolského vzdelavania, identifikovat vyhody a nevyhody tohto pristupu
a predstavit navrh sylabu kurzu orientovaného na rozvoj projektovych
kompetencii.

Niz§ie uvadzame porovnanie jednotlivych metodik vzhladom na
aplikovatel'nost’ vo vysoko$kolskej vyucbe. Tabul’ka ¢.1 bola vytvorena zhrnutim

! Ing. Veronika HORNIAKOVA, PhD., MSc., Katedra aplikovanej informatiky, FHI,
Ekonomicka univerzita v Bratislave, veronika.horniakova@euba.sk.
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naSich poznatkov na zaklade autorov Kuster a kol., (2023) a Vukomanovig,
Young a Huynink, (2016).

Tabulka ¢. 1: Porovnanie aplikovatelnosti vybranych metodik vo vzdelavani (viastné
spracovanie)

KRITERIUM IPMA PMI (PMBOK) PRINCE2
HLAVNY Kompetenény model Procesny ramec Y et )
PRISTUP ompetencny mode y produktov

Technické +
ZAMERANIE behaworalng ¥ Procesy a znalosti Jasvne ”a,d 1ace
kontextové Struktary
kompetencie
VHOD,NOVST Vysoké pre komplexny  Vysoka pre technické \%tl)ic;;?gkga
PRE VYUCBU rozvoj Studentov znalosti ;
pochopenie
MIERA . . )
ABSTRAKCIE Stredna Nizka Stredna

1 Metodika a teoretické vychodiska

Tato Cast’ podrobne rozobera kl'icové metodickeé a teoretické ramce, ktore
tvoria zéklad pre efektivny manazment projektov a jeho didaktiku.

1.1 Metodika IPMA — Komplexny model kompetencii

Medzinarodna asocidcia pre projektové riadenie (IPMA) prostrednictvom
svojej normy IPMA Individual Competence Baseline (ICB) poskytuje globalne
uznavany referencny model. ICB definuje 4. verziu (IPMA 1CB4) so 46
kompetenénymi prvkami, ktoré su roztriedené do troch zakladnych domén.

Tieto domény spolo¢ne tvoria holisticky ramec, zdoéraziujuci, ze tspech v
projektovom manaZmente zavisi nielen od technickych zru¢nosti, ale rovnako od
kontextualneho pochopenia a liderskych vlastnosti. Nizsie uvadzame spracovanie
z IPMA (2015):

Perspektiva

Tato doména sa zameriava na kontext, stratégiu, implementaciu a sulad
(compliance). Tieto kompetencie zaistuji, ze projektovy manaZér rozumie
makro-prostrediu, v ktorom sa projekt realizuje, a dokaze ho strategicky zasadit’
do ciel'ov organizacie.

KTItcové oblasti:
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e Stratégia a implementacia: Pochopenie vizie, stratégie a cielov
organizéacie.

e Riadenie (Governance, Risk & Compliance): DodrZiavanie noriem,
zakonov, etiky a zvladanie komplexnosti.

e Financie a trvald udrzatelnost: Efektivne financné riadenie a
zohl'adnenie dlhodobého dopadu projektu.

Ludia

Doména soft skills a vedenia je kriticka pre efektivnu pracu s projektovym
timom, stakeholdermi a rieSenie konfliktov. Tieto kompetencie su kl'aiCove pre
uspech projektu, pretoze projekty realizuju l'udia.

KTIacove oblasti:

e Vedenie (Leadership): InSpirovanie, motivovanie a usmeriiovanie timu.

e Komunikécia a vyjednavanie: Jasna vymena informéacii, zvladanie
komunikécie so stakeholdermi a dosahovanie dohdd.

e Konflikty a krizy: Schopnost’ predchadzat’ konfliktom, rieSit’ ich a
efektivne zvladat’ krizové situacie.

e Etika a hodnoty: Preukazanie profesiondlnej integrity a dodrZiavanie
etickych principov.

Praktiky

Tato doména zahfiia tradi¢né, technické zru¢nosti projektového manazmentu,
ktoré su nevyhnutné pre efektivne riadenie jednotlivych projektovych procesov a
oblasti v ramci Zivotneého cyklu projektu.

KTItcové oblasti:

e Planovanie a riadenie harmonogramu: Definovanie, Struktirovanie a
riadenie aktivit projektu.

e Riadenie rizik a prilezitosti: Identifikacia, analyza a reakcia na neistoty.

e Riadenie zdrojov a obstaravania: Efektivne alokovanie a riadenie
ludskych, materidlnych a finanénych zdrojov, vratane extern¢ho
obstaravania.

e Riadenie kvality a zmien: Zabezpe&enie, Ze vystupy projektu spliiajii
stanovené poziadavky a kontrolované spracovanie poziadaviek na
zmeny.

Tento model je v ramci vzdelavania cenny, pretoze zddraziuje holistické
vlastnosti projektovych manazérov a presahuje ramec Cisto procesnych pristupov.
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1.2 Vyuéba projektového manazmentu — Didaktika orientovana na
kompetencie

Didaktika projektového manazmentu sa dynamicky vyvija, aby reflektovala
komplexnost’ projektovej reality. Tradicné metddy vyucby sa dopliiaji o aktivne
a zazitkové ucenie (Bartoska, Svobodova a Jarkovska, M. (2011)).

Tradi¢né a aktivne metddy vyuzivané pri vyucbe projektového manazmentu:

o Teoretické zaklady (PrednaSky): Poskytuji nevyhnutné znalosti
(terminoldgia, procesy, nastroje).

e Aplikacia znalosti (Pripadové Stadie a Timoveé zadania): Umoziuja
Studentom aplikovat’ teodriu na realne alebo simulované scenare, ¢im
rozvijaju Praktiky.

o Zazitkové ucenie (Simuldcie a Hranie roli): Simulujid komplexnu
projektovi dynamiku, ¢im intenzivne rozvijaji Perspektivu a Ludi
(najma liderské a komunika¢né zru¢nosti).

Implementacia metodiky IPMA do kurikula ma silny pedagogicky efekt,
pretoze zameriava kurzy na rozvoj kompetencii, nie iba na odovzdévanie znalosti.
Napriklad m6zZeme uviest’ (Rzempata, Janecka a Juzwik, (2023):

e Hodnotenie soft skills a vedenia: ICB model nuti hodnotit’ aj ne-
technické zrucnosti, €o sa v tradicnom vyucovani ¢asto zanedbava.

e Sebahodnotenie a reflexia: KIicovy pedagogicky néstroj IPMA, kde si
Studenti vedome hodnotia Groven svojich kompetencii v kazdej zo 46
oblasti. Tato reflexivna prax je nevyhnutna pre sebaregulované ucenic a
neustaly profesionalny rozvoj.

e Integracia kontextu: Zdorazilovanim domény Perspektiva sa kurzy
postvaju od izolovaného riadenia tloh k pochopeniu, ako projekty sluzia
strategickym ciel'om organizicie.

Vdaka tomuto komplexnému pristupu pripravuje vyucba zalozena na IPMA
kompetenciach absolventov lepSie na komplexna a dynamicku prax projektového
manazmentu.

2 Vyhody aplikacie IPMA vo vysokoSkolskom vzdelavani

Metodika IPMA, zalozena na IPMA ICB, sa odliSuje od procesne
orientovanych Standardov, ako je napr. PMBOK Guide alebo PRINCEZ2, svojim
zameranim na individualnu kompetenciu projektového manazéra. Tento pristup
prinasa Specifické vyhody, ale aj urCité vyzvy.
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2.1 Vyhody metodiky IPMA

Medzi hlavné vyhody kompeten¢ného pristupu metodiky IPMA vhodnej pre
vzdelavanie na univerzitach patria (Rzempata, Janecka a Juzwik, (2023)):

e Holisticky rozvoj projektovych manazérov
IPMA je unikdtna v tom, ze kladie rovnaky doraz na tri domény:
Perspektivu (kontext), Cudi (spravanie) a Praktiky (techniky).
To zaist'uje, ze certifikovani manazéri nie su len technici procesov, ale aj
lidri s pochopenim strategického kontextu.

e Zameranie na soft skills a leadership
Doména Ludia explicitne zahfna kritické zrucnosti, ako je vedenie,
vyjednavanie, rieSenie konfliktov a etika. Tieto tzv. soft skills su Casto
rozhodujuce pre Uspech projektu, najmd v komplexnom a maticovom
prostredi.

e Doraz na kontext a stratégiu (Perspektiva)
Metodika nuti manazérov projektov pochopit’, ako sa ich praca dotyka
strategickych cielov organizacie (Governance), ¢im minimalizuje riziko
realizacie projektov, ktoré nemaju biznis hodnotu. Patri sem aj riadenie
portfolia a programov.

e Model pre neustaly rozvoj (Sezéna a Certifikacia)
IPMA certifika¢ny systém (Styri trovne: D, C, B, A) je postaveny na
preukazovani kompetencii a skusenosti, nielen na absolvovani testu.
Vyzaduje reflexiu a sebahodnotenie, ¢im podporuje celoZivotné
vzdelavanie a systematicky rozvoj manazera.

2.2 Nevyhody a vyzvy metodiky IPMA
Vyzvami pri zavadzani metodiky IPMA ICB su najma (Kuster a kol., (2023):

o NizZsia procesnd Specifickost
[PMA sa zameriava na ,,Co by mal projektovy manazér vediet’ a ako by sa
mal spravat® (kompetencia), a nie na ,,ako presne ma projekt prebiehat™
(proces). Pre organizécie, ktoré potrebuju striktny, krok za krokom navod
na implementaciu procesov, moze byt ICB menej konkrétny ako PMBOK

alebo PRINCE?2.

e Subjektivita pri hodnoteni kompetencii
Hodnotenie zrucnosti z domény DLudia a Perspektiva je inherentne
subjektivnejSie a naroc¢nejSie na meranie v porovnani s technickymi
znalostami procesov. CertifikaCny proces na vysSich urovniach preto
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vyzaduje pohovory a posudenie rozsiahlej dokumentacie, o je €asovo
narocCne.

e Casovd a financnd narocnost certifikicie
Vyssie urovne certifikacie (A, B, C) vyzaduju preukédzanie predoslej
projektovej praxe a komplexné posudenie kompetencii. To robi proces
drah$im a ¢asovo naro¢nejSim pre jednotlivcov aj organizacie, v porovnani
s certifikaciami, ktoré su zaloZené len na pisomnom teste.

o Mensie globdlne povedomie v niektorych sektoroch
Aj ked je IPMA silne etablovana v Eurépe a Azii, v niektorych sektoroch,
najmi v Severne] Amerike, moZe byt model PMI (Project Management
Institute) s jeho PMBOK Guide a certifikdciou PMP viac rozSireny a
preferovany.

Vyuzivanie metodiky IPMA vo vysokoskolskom prostredi prinasa jasné
pedagogické vyhody, no vyzaduje aj vySSie ndroky na organizaciu vyucby.
Kl'icom k uspeSnej implementacii je kombinacia teoretickych prednasok,
praktickych workshopov a reflexivnych aktivit. Za vhodné sa ukazuje
integrovanie projektovych simulacii, ktoré podporuju skisenostné ucenie.

Zaver

IPMA predstavuje robustny ramec pre vyucbu projektového manaZmentu,
ktory zdoraziiuje komplexny rozvoj Studentov. Umoziiuje pripravit’ absolventov
nielen na technické aspekty riadenia projektov, ale aj na komunikacne,
organizacné a etické vyzvy.

Medzi hlavné prinosy pre Studentov patria:

e Rozvoj kritického myslenia a rozhodovania - Studenti sa ué¢ia hodnotit
situacie v kontexte, analyzovat’ rizikd a prijimat’ informované rozhodnutia.

e ZlepSenie komunikacnych a timovych zrucnosti - Kompetencie z domény
,Ludia® su priamo aplikovatelné v pracovnom prostredi aj mimo
projektov.

e Pripravenost na certifikaciu a prax - IPMA orientuje Studentov na realne
potreby praxe a umoziiuje plynuly prechod k certifikaénému systému.

o Vyssia zamestnatelnost - Absolventi so skisenost'ou s IPMA rdmcom su
atraktivni pre zamestnavatel'ov hladajicich adaptabilnych projektovych
manazerov.

Ako zc¢lanku vyplyva, vhodnou aplikaciou didaktickych metod a pristupov

k vzdelavaniu mézeme dosiahnut’ vyborné vysledky znalosti Studentov a ich
pripravu na prax.
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Prispevok bol spracovany v ramci rieSenia grantovej tlohy ESG A-25-
103/3020-17 ZlepSovanie znalosti a zrucnosti Studentov v oblasti
projektového manazmentu s vyuzitim metodiky IPMA.
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VYUZITIE AI A LLM V INOVATIVNYCH PRISTUPOCH VO
VZDELAVANI

USING Al AND LLM IN INNOVATIVE APPROACHES IN
EDUCATION

Arpad LANGYI

Abstrakt:

Cielom c¢lanku je predstavit’ didakticky a technicky ramec vyuZitia velkych
jazykovych modelov (LLM [1, 2, 3, 4] — Large Language Models) v projektovo
orientovanej vyucbe (PBL), so zameranim na automatické generovanie user
stories, tvorbu akceptacnych kritérii a odhad pracnosti. LLM [1, 2, 3, 4] su
modely umelej inteligencie [1, 2] trénované na velkom mnozZstve textovych dat,
ktoré¢ dokazu generovat’, analyzovat’ a Struktarovat’ text podobnym spdsobom,
ako to robi ¢lovek. Vd’aka tomu umozitujii podporu kreativneho aj analytického
myslenia vo vzdelavani.

V agilnom projektovom riadeni je zakladnym prvkom tzv. user story — kratky,
pouzivatel'sky orientovany opis poziadavky vo formate ,,Ako [typ pouZivatela]
chcem [ciel']l, aby som [dosiahol hodnotu]“. Viaceré user stories tematicky
pribuzné sa zoskupuju do epikov (epics), ktoré reprezentuju vacsie celky alebo
hlavné ciele systému. Kvalita jednotlivych user stories sa posudzuje pomocou
ramca INVEST [7] (Independent, Negotiable, Valuable, Estimable, Small,
Testable), ktory definuje, Ze kazda poziadavka ma byt nezavislé, vyjednatelna,
hodnotna, odhadnutel'na, mala a testovatel’na.

Na definovanie testovatelnych podmienok sa pouziva Specificky
jazyk Gherkin [7], ktory opisuje akceptacné Kkritéria prostrednictvom scenarov vo
forméate Given—-When—Then (teda ,,Za danych podmienok, ked’ nastane udalost’,
o¢akavam vysledok®). Tento zapis ul'ahéuje automatizaciu testovania a overenie
funk¢nosti.

Pri rozhodovani o poradi implementacie jednotlivych tuloh sa vyuziva
metdda WSJF [9] — Weighted Shortest Job First, ktora vypocitava pomer
obchodnej hodnoty, casovej kritickosti a zniZenia rizika k velkosti ulohy.
Vysledkom je datovo podlozené urcenie priorit backlogu.

LLM [1, 2, 3, 4] v tomto ramci pouzivame prostrednictvom promptov — teda
Struktirovanych inStrukcii, ktorymi Student alebo pedagdég zadava modelu
konkrétnu tlohu (napr. ,,vytvor 5 user stories pre tému...* alebo ,,navrhni Gherkin
[7] kritéria pre tuto poziadavku®). Kvalita promptu priamo ovplyviiuje kvalitu
vystupu modelu a stdva sa klI'i¢ovou zru¢nost'ou pri integracii Al do vyucby.

Y Ing. Arpad LANGYI, externy doktorand, Katedra aplikovanej informatiky, FHI Ekonomicka
univerzita v Bratislave, arpad.langyi@euba.sk.
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Navrhovany pristup prepaja agilné metddy projektoveho riadenia (Scrum [5],
Kanban [6, 8]) s modernymi didaktickymi strategiami (flipped classroom [10],
mastery learning [11], formativne hodnotenie [12]). Predstavujeme referencny
proces, ktory zahfiia (1) zber kontextu a tvorbu epikov, (2) generovanie a
validaciu user stories podla INVEST [7], (3) tvorbu akceptacnych kritérii v
Gherkin [7]e, (4) odhad pracnosti s kalibraciou na historické data, (5) prioritizaciu
pomocou WSJF [9] a (6) meranie kvality artefaktov a vzdelavacich vystupov.
Diskutujeme implementaény plan pre 6—8 tyzditlovy modul, metriky (MAPE, bias,
pokrytie kritériami) a odporicania pre integraciu Al do predmetov zameranych
na projektové riadenie a softvérové inZinierstvo.

KPucové slova:
Velké jazykové modely (LLM), user stories, akceptacné kritéria (Gherkin),
odhad préacnosti, agilné metddy / WSJF.

Uvod

Umela inteligencia (Al) a najmé jej podmnozina — vel'ké jazykové modely
(LLM [1, 2, 3, 4], Large Language Models) — prinasaju do vysokoskolského
vzdelavania nové moznosti, ktoré presahuji tradicné metody vyucby. Tieto
modely st trénované na rozsiahlych textovych korpusoch a dokdzu analyzovat,
sumarizovat’ ¢i generovat’ text s vysokou mierou zrozumitelnosti a kontextovej
presnosti. V pedagogickom prostredi to znamena, ze moézu poskytovat
personalizované vysvetlenia, rychlo prototypovat’ napady, vytvarat vyucbové
artefakty a poskytovat’ automatizovant spatnu vizbu na Studentské vystupy.

V projektovo orientovanej vyucbe (Project-Based Learning, PBL), kde
Studenti rieSia realne problémy a vytvaraji funkcéné vystupy, je kI'acovym krokom
tvorba kvalitného zoznamu nevybavenych Gloh (backlogu). Backlog predstavuje
subor vSetkych poziadaviek, ktoré sa maji implementovat v projekte, a slizi ako
dynamicky plan ¢innosti timu. Kvalita backlogu zavisi od jasnosti, granularizacie
a spravnej prioritizacie tloh.

LLM dokaze v tomto procese pdsobit’ ako ,,spolusprievodca* timu, ktory:

e pomaha klasifikovat’ a Strukturovat’ poziadavky,

e automaticky generuje user stories — kratke, pouzivatel'sky orientované
popisy poziadaviek (napr. ,,Ako Student chcem nahrat’ zadanie, aby som
ziskal spatnt vazbu od ucitel'a®),

e Vytvara akceptacné kritéria, ktoré urcuju, za akych podmienok mozno
poziadavku povazovat’ za splnend,

e a napokon asistuje pri odhadovani pracnosti a prioritizacii Uloh, teda
rozhodovani, ktoré ulohy prinesi najvacsiu hodnotu vzhladom na
investovany cas.
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Vd'aka tymto schopnostiam mézu LLM fungovat’ ako interaktivny partner vo
vyucbe, ktory prepdja technicka stranku agilného riadenia projektov s rozvojom
kritického a analytického myslenia Studentov.

Cielom c¢lanku je preto predstavit opakovatelny a didakticky overitelny
postup pre pedagogov a Studentov, ktory spdja moderné vyucbové metody
(flipped classroom [10], mastery learning [11], formativne hodnotenie [12]) s
principmi agilného projektového manazmentu (Scrum [5], Kanban [6, 8]) a
praktickym vyuzitim LLM ako nastroja pre podporu tvorby, validacie a
hodnotenia Studentskych projektov.

1 Teoretické vychodiska

1.1 Agilné principy v projektovom manaZmente

Moderné pristupy k riadeniu projektov sa Coraz viac opieraju o agilnu filozofiu,
ktora zdoraznuje iterativny vyvoj, spolupracu v time a neustalu spatnu vazbu.
Medzi najrozsirenejsie agilné ramce patria Scrum [5] a Kanban [6, 8].

Scrum [5] je metodika, ktora rozdel'uje vyvoj do kratkych ¢asovych tusekov
nazyvanych sprinty (zvyCajne 1-4 tyzdne). V kazdom sprinte tim planuje,
implementuje a vyhodnocuje konkrétnu sadu uloh. KI'a¢ové su aj ritualy ako daily
stand-up (kratke denné stretnutia), sprint review (zhodnotenie vystupov)
a retrospektiva [12] (analyza procesov).

Kanban [6, 8] oproti tomu nepracuje s pevnymi iteraciami, ale zameriava sa
na plynuly tok prace prostrednictvom vizuéalneho zobrazenia Gloh na tzv. Kanban
[6, 8] tabuli. Tato metoda kladie déraz na limitovanie rozpracovanych uloh (Work
in Progress — WIP) a optimalizaciu priechodnosti procesu (throughput).

V oboch pripadoch je centrdlnym prvkom backlog — dynamicky zoznam
poZziadaviek a uloh, ktoré tim postupne spracuva. Kazda poziadavka v backlogu
byva opisana formou user story.

1.2 User stories a ramec INVEST [7]

User story je kratky, pouzivatel'sky orientovany popis poziadavky, ktory
vystihuje ¢o pouzivatel’ potrebuje a preco. PouZiva sa ustaleny format:

,,Ako [typ pouZzivatela] chcem [ciel’], aby som [ziskal hodnotu].*

Kvalita tychto pouzivatel'skych  pribehov sa  posudzuje podla
principu INVEST [7], ktory je akronymom pre:

| — Independent (nezavisla),

N — Negotiable (vyjednatel'na),

V — Valuable (hodnotna),

E — Estimable (odhadnutel'na),

S — Small (dostato¢ne mala),

T — Testable (testovatel'na).
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Tento rdmec zarucuje, ze kazda poziadavka je zrozumitel'nd, hodnotitelné a
overitel'na - o je zdsadné aj pre vzdelavaci kontext, v ktorom Studenti potrebuju
jasné meratel'né ciele.

1.3 Gherkin [7] a akceptacné kritéria

Aby bolo mozné user stories testovat’, dopiiaji sa o akceptaéné kritéria, ktoré
uréuji, kedy mozno tlohu povazovat' za dokoncenu. Na ich zapis sa Casto
pouziva Gherkin [7] syntax, StruktGrovany jazyk vyuzivany v behavior-driven
development (BDD). Gherkin [7] opisuje spravanie systéemu prostrednictvom
scenarov typu:

- Given (za danych podmienok)

- When (ked’ nastane udalost)

- Then (o¢akavany vysledok).

Takto formulované kritéria st  jednoznacné, zrozumitelné pre
neprogramatorov a priamo pouzitelné na automatizované testovanie
prostrednictvom nastrojov ako Cucumber alebo Behave.

1.4 Odhad pracnosti a prioritizacia pomocou WSJF [9]

Pri riadeni projektov je nevyhnutné urcit nielen Co treba urobit), ale aj v akom
poradi. Na to slazi metdéda WSJF [9] — Weighted Shortest Job First, ktora
pochadza z ramca Scaled Agile Framework (SAFe).

WSIJF [9] sa vypocita ako pomer medzi hodnotou (Business Value + Time
Criticality + Risk Reduction) a velkostou ulohy (Job Size). Vysledok pomaha
timu rozhodnut’, ktoré tlohy prindsaji najvyssiu hodnotu pri najnizsej naro¢nosti.
Tato metdda ma v edukacii dolezity efekt — uci Studentov uvazovat v
pojmoch nédklad — prinos — priorita a podporuje datovo podlozené rozhodovanie.

2 Moderné metody vyucby a ich prepojenie s agilnym pristupom

Sucasna didaktika zdoraziuje aktivne a reflektivne ucenie. Flipped
classroom (,,obratena trieda™) prestiva osvojovanie tedrie mimo kontaktnej
vyucby a uvoliuje priestor na praktické rieSenie tloh pocas seminérov.

Mastery learning vychadza z principu postupného zvladania uciva — Student
postupuje d’alej az po zvladnuti predchadzajicej tirovne. Tento pristup je pribuzny
agilnému principu iterativneho zlepSovania.

Formativne hodnotenie je priebezny proces poskytovania spitnej vazby s
cielom podporit’ ucenie a nie len merat’ vykon. V spojeni s agilnymi praktikami
(napr. retrospektivy) sa z neho stava prirodzeny nastroj rozvoja kompetencii.
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Vsetky tieto metody sa v projekte prepdjaja prostrednictvom LLM, ktoré
moézu v redlnom Case generovat ulohy, poskytovat' hodnotenie ¢i simulovat
projektove scenare — ¢im zvysuju interaktivitu a personalizaciu vyucby.

2.1 Didakticky ndvrh modulu (6-8 tyzdiiov)

Navrhovany modul predstavuje didakticko-technicky ramec, ktory umoznuje
integrovat’ agilné projektové metddy, LLM -asistované nastroje a modernée
pedagogické pristupy do vyucby predmetov zameranych na projektové riadenie a
softvérové inZzinierstvo. Modul je navrhnuty ako iterativny proces, v ktorom
Studenti postupne prechadzaja vSetkymi fazami od ndvrhu po reflexiu a meranie
vysledkov ucenia.

Vzdelavacie vystupy (Learning Outcomes — LO)

Po absolvovani modulu Student:

LO1: Vytvara user stories spiiiajtice principy ramca INVEST
[7] (Independent, Negotiable, Valuable, Estimable, Small, Testable), ¢o znamena,
ze dokaze formulovat’ poziadavky pouzivatel'sky orientovanym, testovateI'nym a
hodnotnym spésobom.

LO2: Navrhuje akceptaéné kritéria v jazyku Gherkin [7], ktory vyuziva
forméat Given—-When-Then na Specifikiciu ocCakdvaného spravania systému a
podporuje automatizované testovanie.

LO3: Realizuje odhad pracnosti v tzv. story pointoch, teda v jednotkéach,
ktoré¢ vyjadruju relativnu naro¢nost” ulohy, a dokaze wvysvetlit' racionale
(zdévodnenie) odhadu. Odhady su podporené LLM [1, 2, 3, 4]-simulaciou
timovej diskusie (planning poker).

LO4: Aplikuje metédu WSJF [9] (Weighted Shortest Job First) na urcenie
priorit tloh a vie zdévodnit’, preco je konkrétna uloha uprednostnené na zéklade
pomeru hodnoty k velkosti.

LOS5: Kriticky hodnoti vystupy generované umelou inteligenciou (Al),
rozpoznava rizika ako halucinacie modelu, nekonzistentnost' alebo nadmernt
zavislost na Al, a vie vysvetlit’ proces validacie vystupov.

2.2 Struktiira modulu podPa tyZdiiov

Kazdy tyzden rozvija Specificki zru¢nost' prepojent s jednym alebo
viacerymi vzdelavacimi vystupmi (LO).

1. tyzden — Uvod do agilnych principov a LLM; miniprojekt, vizia a
personas

Studenti sa oboznamuji so zdkladnymi pojmami agilu, principmi empirizmu
(transparentnost, inSpekcia, adaptacia) a fungovanim LLM ako jazykového
asistenta. V rdmci miniprojektu definuju viziu projektu a vytvaraju tzv. personas -
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fiktivne reprezentacie pouzivatel'ov, ktoré pomahaju pochopit’ potreby a kontext
cielovej skupiny.

2. tyzden — Zber doménového kontextu; tvorba epikov a prvé user stories

Studenti analyzujti problémova doménu, identifikuju epiky (vaésie tematické
celky projektu) a transformuju ich na prvé user stories podla Sablony INVEST.
LLM asistuje pri sumarizacii zdrojovych textov, generovani napadov a navrhoch
na rozdelenie prili§ komplexnych stories.

3. tyZzden — Akceptac¢né Kkritéria v Gherkin [7]e; zakladna automatizacia
testov

Pre kazda story sa vytvaraji akceptacné kritéria vo formate Given—When-—
Then. Studenti si osvojuju princip Behavior-Driven Development (BDD) a
vyuzivaju Gherkin editor na tvorbu testovacich scendrov. Nésledne
experimentuju so zakladnou automatizaciou testov, napr. pomocou nastrojov
ako Behave alebo Cucumber, pricom LLM poskytuje navrhy scendrov a opravy
syntaxe.

4. tyzden — Odhad préacnosti: baseline, kalibracia, planning poker (so
simuléaciou LLM )

Studenti sa udia pouzivat story pointyna odhad pracnosti, pricom
vyuzivajui Fibonacciho $kalu [2]. Vysvetl'uje sa pojem baseline — referen¢na
uloha, voci ktorej sa porovnavaju ostatné odhady. Planning poker je timova
technika, pri ktorej kazdy ¢len timu navrhuje odhad, po diskusii sa dosiahne
konsenzus. LLM moézZe simulovat’ ulohy jednotlivych roli (frontend, backend,
testovanie) a generovat argumenty, ktoré Studenti porovnavaju so svojimi
vlastnymi.

5. tyZden — Prioritizacia pomocou WSJF; plan iteracie; rizika a zavislosti

Tim aplikuje WSJF (Weighted Shortest Job First) — metodu urovania priorit,
ktora zohl'adiiuje obchodnu hodnotu (Business Value), ¢asovu kritickost’ (Time
Criticality), zniZenie rizika (Risk Reduction) a velkost’ ulohy (Job Size). Studenti
vytvaraju iteraciu (plan sprintu) s ohl'adom na dostupné zdroje a zavislosti medzi
ulohami. Diskutuju tiez o rizikach projektu a sposoboch ich mitigécie.

6. tyZden — Implementacia MVP; testovanie podl’a akceptaénych kritérii

V tejto faze sa vytvara MVP (Minimum Viable Product) — minimalne funkény
produkt, ktory obsahuje najdolezitejSie funkcie pre overenie hodnoty rieSenia.
Testovanie prebieha proti vopred definovanym akceptaénym kritéridm v
Gherkine, pricom sa sleduje, ktoré story st ,,done* podl'a definicie Definition of
Done (DoD).

7. tyzden — Review, retrospektiva; metriky kvality a ucenia

91



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktdber 2025

Po dokonceni MVP tim prezentuje vysledky na sprint review a nasledne
realizuje retrospektivu - reflexiu procesov, spoluprace a vyuzitia Al. Zavadzaju
sa metriky kvality ako MAPE (Mean Absolute Percentage Error) pre presnost’
odhadov, miera plnenia akceptanych kritérii a kvalitativne ukazovatele uc¢enia
(sebaposudenie, peer review).

8. tyZzden — Zaverecna prezentacia; reflexia prinosov a limitov Al

Studenti prezentujii vysledny produkt, hodnotia dopad vyuzitia AI/LLM
a formuluju etické, technické a didaktické odporucania. Sti¢astou je pisomna
reflexia, kde Studenti zhodnocuju prinos Al pre efektivitu a ucenie, ako aj rizika
(napr. preberanie chyb, zavislost’ na modeloch, otazky originality).

2.3 Hodnotenie a metriky

Systém hodnotenia zohladiiuje nielen kvalitu vysledného rieSenia, ale aj
proces ucenia, spolupracu a schopnost’ argumentovat’ rozhodnutia:
40 % — artefakty (backlog, user stories, akceptacné kritérid),
30 % — odhad a prioritizacia (vratane zdévodnenia WSJF a reflexie
planovania),
20 % — implementa¢ny inkrement (M VP a testovanie),
10 % — reflexia a etické aspekty vyuzitia Al.
Tento system podporuje formativne hodnotenie a zarucuje rovnovahu medzi
technickou kompetenciou, analytickym myslenim a etickou zodpovednost'ou pri
praci s Al.

2.4 Referencny AI/LLM [1, 2, 3, 4] pracovny postup

Tato kapitola opisuje navrhnuty referenény pracovny postup (workflow),
ktory vyuziva velké jazykové modely ako asistenta vo vSetkych klucovych
fazach projektovo orientovanej vyucby. Cielom nie je nahradit’ l'udské
rozhodovanie, ale poskytnut’ Studentom datovo a metodicky podporeny proces, v
ktorom moéZu analyzovat, validovat a porovnavat vystupy Al so svojimi
vlastnymi rozhodnutiami.

Proces sa sklada zo $iestich hlavnych krokov — od zberu kontextu po meranie
kvality — pricom kazdy z nich rozvija konkrétnu zru¢nost’ v ramci vzdelavacich
vystupov (LO1-LO5).

2.5 Zber kontextu a tvorba epikov

Vychodiskovym bodom je zber informacii o doméne projektu, teda kontextu,
v ktorom sa rieSenie bude realizovat’.
Vstupy:
e  opis domény (napr. ,,Digitalne sluzby univerzity*),
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e definované personas (typicki pouzivatelia ako Student, ucitel,
administrator),

e  problem statements (jasne formulované problémy, ktoré ma rieSenie
odstranit’),

e priklady existujucich rieSeni alebo referen¢nych aplikacii.

Z tychto vstupov LLM pomocou vhodného promptu — Struktarovanej
instrukcie, ktora definuje ulohu modelu — sumarizuje hlavna tému do epikov.

Priklad promptu:

,,Zhrm doménu do 5-7 epikov. Pre kazdy epic uved’ ciel’ pouzivatel'a, hlavné
funkcie a rizika. Zahrn aj non-functional requirements (vykon, bezpec¢nost,
dostupnost’).” Epic predstavuje vacsi celok (napr. ,,Sprava pouzivatel'skych
uctov®), z ktorého sa neskor odvadzaju detailnejSie user stories. Tento krok
rozvija schopnost’ Studentov zhrnut’ zlozité informdcie, identifikovat’ kl'icové
oblasti systému a pochopit’ §irSi kontext pouzivatel'skych potrieb.

Generovanie user stories a INVEST validacia

Na zéklade epikov LLM generuje user stories, teda kratke pouzivatel'sky
orientované poziadavky, ktoré sa zameriavaju na konkrétnu funkcionalitu.

Kazda story ma format:

,,Ako [persona] chcem [ciel’], aby som [dosiahol hodnotu].*

Model zaroven vykona INVEST validaciu — skontroluje, ¢i kazda story spiiia
Sest’ kritérii ramca INVEST:

Independent (nezavisla),

Negotiable (vyjednatelnd),

Valuable (hodnotna),

Estimable (odhadnutel'na),

Small (primerane mala),

Testable (testovatelna).

Ak model zisti porusenie (napr. story je prili§ vel'ka alebo nejednoznacnd),
automaticky navrhne jej rozdelenie alebo preformulovanie.

2.6 Ukazkovy prompt:

,,Pre kazdy epic vytvor 5—10 user stories v tvare ,Ako [persona] chcem [ciel’],
aby som [hodnota]. Kazda validuj INVEST a navrhni akcepta¢né kritéria v
Gherkine.

Tento krok uci Studentov kriticky Citat’ vystupy modelu, overovat’ ich logiku
a pochopit’ vyznam kvalitativnych kritérii pri definovani poziadaviek.

Akceptaéné kritérid v Gherkine

Kazd4 user story musi obsahovat’ jasné akceptacné kritéria, ktoré definuju,
kedy mozno poziadavku povazovat’ za splnenu. PouZiva sa jazyk Gherkin, ktory
ma jednoduchn, ale presnu Struktiru scénarov:

Given (vychodiskove podmienky) —When (akcia) — Then (ofakavany
vysledok).

Studenti vytvarajii pre kazdd story minimalne tri scendre:
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pozitivny (happy path) — overuje, ze systém funguje spravne,

negativny — overuje spravanie pri chybach,

hrani¢ny (edge case) — testuje extrémne pripady.

Bonusom je generovanie tzv. stubov (kostier testov) pre automatizacné
nastroje ako Cucumber alebo Behave a Sablon pre testovanie API. Takto
vytvorené kritéria mézu byt priamo pouzité pri automatizovanom testovani, ¢im
Studenti vidia prepojenie medzi analyzou, navrhom a implementaciou.

Odhad préacnosti (story pointy) s kalibréaciou

Odhadovanie pracnosti predstavuje kl'icova fazu pladnovania. V agilnych
metodach sa pouziva story point - relativna jednotka naro¢nosti, ktora zohl'adiiuje
komplexnost, neistotu a objem prace.

2.7 Proces odhadu prebieha v Styroch krokoch:

Baseline model:

LLM navrhne rozsah odhadov (napr. 2-5 SP) a zddvodni ho na zaklade
zlozitosti, zavislosti a rizik.

Kalibracia timu:

Studenti poskytni 10-20 historickych user stories s realnymi tdajmi (as,
prepracovanie, lead time). Model tieto data vyuZije na ,,naucenie $tylu‘ timu, ¢im
sa zlepSi presnost’ buducich odhadov.

Simulécia planning pokeru:

LLM  vygeneruje tri  rozne pohlady -FE  (frontend), BE
(backend) a QA(testing) - a navrhne konsenzus odhadu. Studenti porovnavaju
modelové navrhy so svojimi odhadmi a diskutuju odchylky.

Metodika presnosti:

Presnost sa vyhodnocuje pomocou metriky MAPE (Mean Absolute
Percentage Error), ktora ukazuje, o kol’ko percent sa odhady liSili od skutoc¢ne;j
pracnosti.

Sleduje sa aj bias, teda systematické nadhodnocovanie alebo podhodnocovanie
uloh.

2.8 Ukazkovy prompt:

,,Pre tato user story navrhni odhad v story pointoch. Uved: (a) argumenty
FE/BE/QA, (b) rizikd a nezname, (c) navrh spike tloh (vyskumnych), (d)
odporucany finalny odhad. Kalibruj na prilozené historické story.”. Tato faza
rozvija analytické myslenie a timove rozhodovanie - Studenti sa ucia
kvantifikovat neistotu a objektivizovat’ odhady na zaklade dat.

Prioritizacia podla WSJF

Po odhadnuti naro¢nosti nasleduje rozhodovanie, ktoré¢ ulohy riesit’ ako prvé.
Pouziva sa metoda WSJF (Weighted Shortest Job First), ktord vychadza z
ekonomického principu maximalizacie hodnoty v Case.

Vzorec je:
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WSJF = (Business Value + Time Criticality + Risk Reduction / Opportunity
Enablement) / Job Size

Kazda premenna sa odhaduje v rozsahu 1-10, pricom:

Business Value vyjadruje prinos pre pouzivatel’a,

Time Criticality urcuje, ako rychlo treba tlohu dokonc¢it’,

Risk Reduction / Opportunity Enablement zachytava pridand hodnotu
znizenim rizika alebo otvorenim novych moznosti,

Job Size predstavuje odhad pracnosti (story points).

LLM navrhuje poc¢iato¢né hodnoty, ktoré tim nasledne validuje a upravuje,
¢im sa vytvori zoradeny backlog doplneny o textové vysvetlenia priorit. Tento
krok rozvija schopnost’ Studentov prepdjat’ kvantitativne a kvalitativne aspekty
rozhodovania a uvazovat’ o dopade kazdej ulohy na celkovy ciel’ projektu.

Kontinualne meranie kvality

Zavere¢na faza sa zameriava na sledovanie kvality vystupov aj procesu
ucenia.

Zavadzaju sa tri skupiny metrik:
Metriky artefaktov:
e podiel user stories s kompletnymi Gherkin kritériami (%),
e priemerny pocet poruseni INVEST na story,
e miera duplicit alebo nekonzistencii.
Metriky odhadov:
e MAPE — priemerna odchylka od reality,
e Dias — tendencia k nadhodnocovaniu alebo podhodnocovaniu.

Metriky ucenia:

e rubrika hodnotenia (presnost’, argumentacia, spolupraca),
e sebaposldenie (self-assessment) Studentov,
e peer review - hodnotenie timov navzajom.

Tieto metriky umoznuji kontinualne sledovat’ pokrok, analyzovat' kvalitu
spoluprace a rozvijat’ metakognitivne zru¢nosti — schopnost’ reflektovat’ vlastny
proces ucenia.

Zaver

Vyuzitie LLM modelov predstavuju efektivny nastroj na podporu projektovo
orientovanej vyucby. Umoziuju automatizaciu tvorby backlogu, definovanie
testovatelnych akceptacnych kritérii a presnejSie odhady pracnosti. Kombinécia
Al-asistovanej analyzy a formativneho hodnotenia vedie k rozvoju kritickeho
myslenia, datovo podlozeného planovania a hlbSiemu porozumeniu agilnych
principov. Didakticky riadena integracia LLM zarovei posiliiuje transparentnost’
a etiku vyuzivania Al vo vysokoSkolskom vzdeldvani.
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KRITICKA REFLEXIA VYUCBY PROGRAMOVANIA V
EKONOMICKYCH ODBOROCH: VYZVY, USPECHY
A BUDUCE SMEROVANIE

CRITICAL PERSPECTIVES ON PROGRAMMING EDUCATION IN
ECONOMICS: CHALLENGES, SUCCESSES, AND FUTURE
DIRECTIONS

Stefan Otto NOVAK!?

Abstrakt:

Programovanie sa v su€asnosti stava kI'iCovou zrucnost'ou aj v oblastiach
mimo informatiky, vratane ekonomickych disciplin. Jeho vyucba vSak casto
naraza na bariéry suvisiace s motivaciou Studentov, pricom dostupné ucebne
materidly byvaju prili§ vSeobecné a podporna infrastruktara je obmedzend. Tento
¢lanok na zéklade prehladu odbornej literatiry identifikuje hlavné problémy
spojené s vyucbou programovania pre neinformatickych Studentov a analyzuje ich
priciny. Nasledne navrhuje inovativny pedagogicky pristup zaloZeny na integracii
ekonomického kontextu do programovacich tloh, posiliiovani istoty Studentov vo
vlastné schopnosti prostrednictvom rieSenia redlnych problémov a vyuzivani
automatizovanych nastrojov na znizenie zat'aze vyucujucich. Cielom je zvySit
motivaciu, zrozumitelnost a prakticki  vyuzZitelnost  programovania
v ekonomickom vzdelavani.

Klucové slova:
programovanie, ekondmia, vzdelavanie

Uvod

V poslednom desatro¢i sa na pracovnom trhu znacne zvysila poziadavka
na analytické, programéatorske a datovo orientované zru¢nosti aj v odboroch, ktoré
tradi¢ne nepovazuju programovanie za jadrova kompetenciu, medzi nimi aj
ekonomické a manazérske Stadium. Mnohé ekonomické discipliny sa Coraz viac
opieraju o modelovanie, big data ¢i automatizaciu rozhodovacich procesov.
V takomto kontexte sa vyucba programovania stava relevantnou aj pre Studentov
ekonomickych odborov, nielen pre informatikov.

! Ing. STEFAN OTTO NOVAK, Katedra aplikovanej informatiky, FHI Ekonomicka
univerzita v Bratislave, stefanotto.novak@euba.sk.
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AvSak vyucba programovania v ekonomickych odboroch prindsa
$pecifické vyzvy. Studenti &asto nemajii predchadzajice skusenosti
s algoritmickym myslenim, m6zu vnimat’ dovody pre ucenie kodovania ako
vzdialené od svojho hlavného zamerania a motivicia moze byt nizSia. Ako
uvadzaju Tseng et al. (2024), u Studentov mimo informatiky zohrava dolezita
ulohu najma viera vo vlastné schopnosti pri programovani, ktora ma vyraznejsi
vplyv na vysledky nez samotné hodnotenie u¢ebného prostredia.

1 Teoretické vychodiska

Vyucba programovania uz nie je vylu¢ne doménou Studentov informatiky.
Ako uvadza narodna $tadia v Dansku, programovanie v bakalarskych programoch
sa rozsirilo tak, Zze v dobe svojej hodnoty zahfnalo priblizne 1 z 6 celkovych
Studijnych programov povinne kurz programovania (Nicolajsen, 2024).

Tento fakt potvrdzuje potrebu prispdosobenia vyucby programovania tak,
aby zohladiiovala heterogénne skupiny Studentov, ktori nemaji pocitacové
vzdelanie, ako zdoraziuju autori v ¢lanku Computer science no longer has
a monopoly on computing education (ComputingEd, 2025).

V oblasti ekonomickych a manazérskych odborov sa objavuje rastici pocet
prac argumentujucich za integraciu programovania priamo do kurikula tychto
odborov. Napr. Hashimzade (2025) vo svojej praci Integrating programming into
the modern undergraduate economics student, poukazuje na nedostatocnu
adaptaciu suCasnych pristupov pre Studentov ekonomiky a navrhuje
systematickejSie rieSenia.

Z hl'adiska didaktiky je kI'i¢oveé vnimat’, Ze pre neinformatickych Studentov
st dolezité aspekty ako relevantnost’, spojenie s odbormi, a podpora sebavedomia.
Tseng et al. (2024) ukazuju, Ze pri Studentoch mimo informatiky, programovanie
ako nastroj rieSenia realnych problémov vyrazne zvySuje motivaciu a vnimanie
programovania ako uzito¢nej kompetencie.

1.1 Motivacia, sebavedomie a odborova relevantnost’

Motivacia Studentov a ich viera vo vlastné schopnosti pri programovani
(angl. programming self-efficacy) sa v literatire opakovane uvadzaji ako klI'a¢ové
faktory Gispesnosti vyucby programovania mimo informatickych odborov. Podl'a
Tseng et al. (2024) je tato viera silnejSim prediktorom ucenia ako tradi¢né
ukazovatele vykonu. U neinformatickych Studentov sa preto odporica vyuZivat
pristupy, ktoré zdoraznuju realne skusenosti, priebezni spatni vdazbu a tlohy
prepojené s odborovymi témami.

Pokial’ ide o odborovu relevantnost’, Studenti ekonomickych programov
vykazuju vysSie zapojenie vtedy, ak vnimaju programovanie ako nastroj na
rieSenie ekonomickych alebo manazérskych problémov. Ghodoosi (2023) vo
svojej systematickej prehl’'adovej $tadii o datovej gramotnosti (angl. data literacy)
ukazuje, ze vyucba, ktora integruje pribehovy pristup (angl. story-based
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approach), pomaha studentom mimo IT oblast,, lepSie porozumiet’ analytickym
nastrojom a efektivnejsie ich vyuzivat'.

1.2 Vyber programovacich jazykov a ich vyznam v ekonomickych odboroch

Pri vyucbe programovania v ekondmii nie su vSetky jazyky rovnako
relevantné. Pre uvodné kurzy je dolezitd nizka bariéra vstupu, bohaty ekosystém
kniZnic a rychly prechod od kodu k vysledkom analyzy. Preto sa Python Casto
ukazuje ako prva vol'ba. Jednoduché syntax, rozsiahle kniZnice a rychly prechod
od kodu k vysledkom znizuji kognitivnu zataz zaciatocnikov a skracujii Cas
potrebny na porozumenie (Badica et al., 2025).

Pre Statistické a ekonometrické aplikacie s vhodné aj R a MATLAB,
najma tam, kde u€ebné ciele zahfiiaji pracu s hotovymi balikmi pre ekonometriu
a Casové rady. V sulade s tym Hashimzade (2025) odportc¢a, moduly priamo
orientované na ekonometrické analyzy, simuldcie a financie a upozoriiuje, Ze
vol'ba jazyka by mala reflektovat’ dostupnu knizni¢nt podporu a prijatelnu krivku
ucenia, pretoze dlhy Cas potrebny na dosiahnutie efektivity je pre Studentov
demotivujuci.

Empirické data podporuju preferenciu skriptovacich jazykov v zaciatkoch.
Prechelt (2000) porovnal 80 implementacii rovnakého problemu v C, C++, Jave,
Perle, Pythone a inych programovacich jazykov a vyhodnocoval dizku programu,
pracovny ¢as, vykonavaciu efektivitu, pamét’ a spol'ahlivost’. Skriptovacie jazyky
(Perl, Python) su pri rovnakom probléme vyrazne produktivnejSie a kratSie nez
kompilované jazyky, priCom spol'ahlivost’ zostava porovnatelna. Medzi skriptami

Tl ol: 00.0:, - )
- JHL TR D H |
Python
Perl
L = — o _
Cas | .l o?oM . — .
c : :

Total time for programming in hours

Obr. 1: Celkovy cas potrebny na implementaciu rovnakej ulohy v siedmich jazykoch.
(Prechelt, 2000)
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a neskriptami bola mediinova diZka prace priblizne v pomere 3,1 h vs.
10,0 h. Vykonnostne jazyky C/C++ boli rychlejSie v behu a paméti, no rozdiely
nevymazali naskok v Case vyvoja pre uCebné situacie, kde je prioritou rychle
zvladnutie konceptov a analyz, nie maximalna runtime optimalizacia (Prechelt,
2000).

Ako moézeme vidiet’ v Obr. 1, ide o viacnasobny boxplot, kde kazdy riadok
reprezentuje jazyk. Zeleny box je interkvartilové pasmo, whiskre oznacuji
spodnych a hornych 10 %, bod v boxe je medidn a pismeno ,,M* s bodkovanou
Ciarou je aritmeticky priemer + jedna Standardna chyba. Z Obr. 1 je zrejmé, ze
mediany pracovného Casu pre Perl, Python, Rexx a Tcl lezia hlboko pod
medianmi C, C++ a Javy. NavySe, Prechelt uvadza tri extrémne hodnoty pre Javu
(40, 49 a 63 hodin), ktore presahuju zobrazeny rozsah a v grafe nie su zobrazené,
¢o poukazuje na vysoku variabilitu v Jave pri rieSeni daného problému. Tento
obraz podporuje didaktické odporucanie zaradit’ Python do uvodu, lebo pri
rovnakych ucebnych cieloch znizujii potrebny €as na navrh, implementaciu
a testovanie ulohy.

Uvodné kurzy by mali pouZivat’ Python ako primarny jazyk so zameranim
na zaklady algoritmizacie, pracu s datami, vizualizacie a jednoduché simulacie,
ked’Ze jeho jednoduchi inStaldcia a bohaty ekosystém kniZznic urychl'uji spiatna
vazbu pre Studentov (Badica et al., 2025). Pre Statistiku a ekonometriu je vhodné
R vdaka dostupnym balikom a pracovnym postupom beznym v aplikovane;j
ekonomike, pripadne MATLAB v prostredi, kde je dostupnéd inStitucionalna
licencia a kde osnovy vyzaduji numericku optimalizadciu a maticové vypocty.
V pokrocilych kurzoch a v praxi je racionalne prechadzat’ k vykonnym jazykom
alebo nizkotroviiovej optimalizacii iba vtedy, ak si to vyZaduje dand doména
(napr. rozsiahle simuldcie v C++/Numba/CUDA); inak je vhodné preferovat
skriptovacie jazyky s primeranou knizni¢nou podporou. Z pedagogického
hl'adiska je dolezité skracovat’ Cas potrebny na dosiahnutie funkéného rieSenia,
¢im sa znizuje frustracia Studentov. Empirické vysledky z Obr. 1 potvrdzuju, ze
skriptovacie jazyky minimalizuja ¢as potrebny na dosiahnutie prvého vysledku,
a tym posiliiuji motivaciu Studentov bez informatického zazemia (Prechelt,
2000).

1.3 Inovativne metodiky vyu¢by programovania

Okrem tradi¢nych prednaSok a laboratérnych cvieni sa v literatare

objavuju nové pristupy vhodné pre Studentov ekonomickych odborov:

1. Metoda vyucby zamerana na problémy (angl. issue-based teaching), kde
Studenti rieSia realne problémy a pripadové Stadie, ¢im sa zvySuje ich
angazovanost’ a sebavedomie (Tseng et al., 2024).

2. Gamifikdcia a inteligentné doucovacie systémy, napr. Cao (2023)
skiima vyuzitie vel’kych jazykovych modelov (LLM) a hernych prvkov
na podporu zacinajicich programatorov v heterogénnych skupinach.
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3. Réamce datovej gramotnosti, Ghodoosi (2023) ukazuje, Ze vyucba, ktora
spaja programovanie s pribehom dat a vizualizaciou, pomaha Studentom
odborov mimo IT, lepSie pochopit’ a aplikovat’ kod v ich kontexte.

4. Integrované kurzy pre ekonomické a manazérske odbory, Hashimzade
(2025) navrhuje systematické zacélenenie programovania ako sucast
ekonomického kurikula, so zameranim na projektovo orientované
ulohy.

Z naStudovanej literatury vyplyva, Zze vyucba programovania

v ekonomickych odboroch musi reflektovat: odborovy kontext, potrebu
motivacie a sebavedomia Studentov, vyber jazyka/zamerania s praktickou
vyuzitelnostou a aplikdciu inovativnych didaktickych pristupov. Tieto
vychodiskd poskytuju rdmec pre dalSie kapitoly, ktoré sa buda zaoberat
identifikaciou vyziev, prehliadkou uspesnych pristupov a naslednym navrhom
pristupu.

2 Identifikacia hlavnych vyziev

Vyucba programovania u Studentov mimo odboru informatiky narazila na
viacero vyznamnych bariér. Studenti ¢asto nemaji predchadzajice skusenosti
s algoritmickym alebo systematickym myslenim, ¢o sa prejavuje ako zvySena
ucebna krivka. Napriklad Hsu (2021) ukéazal, Ze pri Studentoch nie-IT odborov
existuje vyznamna prepojenost medzi sebavedomim v programovania
schopnost'ou zvladat’ kodovacie tlohy.

Navyse, Studenti ekonomickych odborov mézu vnimat’ programovanie ako
technologicku zru¢nost’, ktora nie je priamo spojend s ich hlavnym odborom ¢i
profesijnym zamerom. Vysledkom je nizka motivacia, ¢o podla Tseng, Cheng
a Chang (2024) vedie k nizSim vystupom v uceni programovania u ne-IT
Studentov. Praca ukazala, ze pristup zamerany na konkrétne problémy (angl.
Issue-based teaching) moze pomdct’ zvysit’ sebavedomie a motivaciu.

2.1 Metodiky vyucéby programovania

Okrem individualnych bariér na strane Studentov existuju aj systémove
a pedagogicke limity. Kurikulum mézZe byt napriklad navrhnuté pre IT Studentov
a nedostatocne prisposobené Studentom ekonomickych odborov, co spésobuje, ze
ucebné materialy, tempo vyucby ¢i spdsoby hodnotenia nemusia byt vhodné.
Dalej, vyuéujici s informaticky orientovanym profilom ¢asto nemaji skiisenost’
s interdisciplindrnym vyucovanim alebo s didaktikou prispdsobenou pre ne-IT
skupiny.

2.2 Sebaregulované ucenie a kognitivne $tyly vo vyu¢be programovania

Aktuadlny vyskum potvrdzuje, Ze viera voO vlastné schopnosti pri
programovani nevedie k lepSim vysledkom izolovane, ale posobi prostrednictvom
sebaregulovanych stratégii ucenia. V Studii na stredoSkoldkoch (n = 487) sa
ukazalo, Ze vysSia viera vo vlastné programatorské schopnosti zvysuje schopnost’
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Studentov planovat’ a sledovat’ vlastné uéenie a regulovat’ usilie, ktoré nasledne
posiliiuja algoritmické myslenie. Pri intuitivnych Studentoch sa prejavil aj priamy
vplyv tejto viery na algoritmické myslenie, zatial’ ¢o u analytickych Studentov
posobila nepriamo — prostrednictvom uvedenych stratégii.

Ako ilustruje Obr. 2, tieto stratégie vychadzaju z konkrétnych didaktickych
prvkov: otazok podporujucich predbezny névrh a planovanie, rozhrania na
priebezné sebamonitorovanie v prostredi IDLE a hodnotiacej matice na zaverecnu
sebareflexiu. To implikuje potrebu systematicky rozvijat’ pladnovanie,
monitorovanie a reflektovanie rieSenia Uloh — nie iba zvySovat objem
programovania v sylabe (Li et al., 2025).

: V
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Obr. 2: Prehlad riesenia programdtorskych problémov pre Studentov (Li et al., 2025).

Pre vyucbu v ekonomickych odboroch z toho vyplyva niekol’ko praktickych
odporacani:

1. Ulohy maju pribiidat’ v ndro¢nosti postupne a Studenti by mali dostat’
okamzitl spitna vizbu,

2. ucitel’ by mal pri rieSeni ukazat’ aj to, ako premysla o postupe, a Studenti
by mali tieto kroky kratko opisat’ aj v odovzdane;j ulohe,

3. podpora by mala byt prispdsobena typu Studenta.

Intuitivhym Studentom postaci viac nazornych prikladov a rychle potvrdenie
spravneho postupu.

Analyticki Studenti potrebujt jasnu Struktiru — teda pokyny krok za krokom,
kontrolne zoznamy a presne kritéria hodnotenia.

Tak sa ti€inok ich sebavedomia pri programovani premietne do lepSej stratégie
ucenia a nasledne aj do vysledkov (Li et al., 2025).
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2.3 Vyber jazyka a prostredia

Vo vyucbe programovania pre Studentov ekonomickych odborov zohrava
vyber programovacieho jazyka zasadnt ulohu. Jazyk ovplyviiuje nielen technické
moznosti, ale aj mieru pochopitelnosti a vnimanej relevancie pre Studentov bez
informatického zazemia. Podl'a Badica et al. (2025) je najvhodnej$im vstupnym
jazykom pre neinformatické Studijné programy Python, pretoZze kombinuje nizku
syntaktickl ndrocnost’ s bohatym ekosystémom kniznic pre ekondémiu a datovu
analyzu. Kniznice ako pandas, NumPy, Matplotlib ¢i Statsmodels umoznuju
rychlu vizualizaciu dat a podporuju intuitivne pochopenie vysledkov.

V studiach zameranych na vyucbu pre ekonomickeé a manazérske smery sa
Casto uvadza aj jazyk R, ktory ma silnu tradiciu v ekonometrickom a Statistickom
modelovani. Ako uvadza Sorin-Ciprian (2023), R pontka priamu prepojite'nost’
s ekonomickymi datasetmi a je efektivny pri analyze a vizualizacii dat pre
Studentov, ktori potrebuju rychlo pochopit’ vztahy v ekonomickych modeloch.
Vyhodou je aj jeho otvoreny licen¢ny model a rozsiahle komunitné zazemie.

3 Navrh inovativneho pristupu pre ekonomické odbory

Na zaklade identifikovanych vyziev a uspeSnych praktik tento ¢lanok
navrhuje integrovany model vyucby programovania pre ekonomické odbory,
ktory prepaja tri kI'ai¢ové roviny:

(a) odborovu relevantnost’,
(b) budovanie Studentského sebavedomia a motivacie,
(c) technologickt podporu pre efektivnejSie ucenie.

Ciel'om je transformovat’ kurzy z technicky orientovanych cviceni na

aplikované ekonomické laboratorium.

3.1 Ramec kurzu
Kurz méze byt’ Strukturovany do Styroch tematickych blokov:

1. Z&klady programovania v Pythone: premenne, datové typy, cykly
a zakladna syntax v kontexte ekonomickych dloh.

2. Analyza ekonomickych dat v Pythone: spracovanie datasetov
z Eurostatu, OECD alebo NBS.

3. Ekonometrické a Statistické modelovanie v R: regresné modely, Casové
rady a jednoduché simulacie.

4. Projektova Cast’: timové rieSenie realneho problému, napriklad predikcia
inflacie alebo analyza nezamestnanosti.

Kurz ma kombinovat’ teériu s mini-projektmi a reflexnymi dennikmi, ktoré
rozvijaju schopnost’ prepajat’ kod s ekonomickou interpreticiou (Campbell,
2024). Odporacané nastroje zahihaju JupyterLab, GitHub a automatizované
hodnotenie (CodeGrade, nbgrader). Ako doplnkovu formu podpory je mozné
zaradit’ chatboty zaloZené na velkych jazykovych modeloch (Cao, 2023).
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3.2 Pedagogické a metodologicke vychodiska

Studenti lepsie vnimaji vyznam programovania, ak ho pouZivaju priamo
pri rieSeni ekonomickych otazok. Rizun (2022) a Baldelovar (2022) preukazalli,
ze analyza redlnych ekonomickych dat vyznamne zvySuje angazovanost
Studentov. Kazdy blok preto obsahuje praktické ulohy s jasnym ekonomickym
kontextom.

Vyskumy zaroven ukazuju, Ze programovacie sebavedomie (angl. self-
efficacy) je silnym prediktorom studijného uspechu a vytrvalosti. Metodika preto
vyuziva reflexné denniky, vzdjomné hodnotenie v timoch a postupné zadania
s rychlou spiatnou véazbou. Tieto prvky pomahaji Studentom lepSie rozumiet
vlastnému pokroku, ziskavat istotu v rieSeni uloh a posiliiovat motivaciu
pokracovat’ v uceni.

Technoldgie musia byt’ vo vyucbe premyslene zapracované a didakticky
odovodnené, nie iba dodatocne pridané. Johnson a Meder (2024) ukazuju, Ze
najlepSie vysledky prindsaji rieSenia, ktoré spajaji adaptivne hodnotenie
s okamZitou spatnou vidzbou. Prostredia podporované velkymi jazykovymi
modelmi zdroveil zniZuji mentdlnu zataz Studentov a ulahCuji ich samostatné
ucenie.

Zaver

Uspes$na vyucéba programovania pre $tudentov ekonomickych odborov stoji
na troch kl'a¢ovych pilieroch: odborovej relevancii tiloh, systematickom budovani
programdtorskej sebaddvery a premyslenom vyuZiti technologii. Navrhnuty
ramec prepaja zéklady programovania v Pythone, analyzu ekonomickych déat
a ekonometriu v R s timovou projektovou pracou, rychlou spatnou vézbou,
reflexiou a zmysluplnym vyuZitim néstrojov zaloZenych na velkych jazykovych
modeloch. Tym sa skracuje ¢as k ziskaniu prvych vysledkov a posiliiuje motivacia
Studentov.

Vyzvou zostavajl institucionalne podmienky a pripravenost’ vyuc€ujtcich.
Odporuca sa preto pilotné overenie navrhnutého pristupu, priebezné meranie jeho
dopadov a systematické zdiel'anie materialov. Budtci vyskum by sa mal zamerat’
na identifikaciu G¢inkov jednotlivych prvkov metodiky na motivaciu, sebadoveru
a vykon roznych skupin Studentov.

Takto koncipovana vyucba meni programovanie z izolovanej technicke;j
zrucnosti na prakticky nastroj ekonomickej analyzy a rozhodovania.
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MODERNIZING PROJECT MANAGEMENT FOR A DYNAMIC FUTURE:
INTEGRATING AGILE PRACTICES AND Al INNOVATIONS

MODERNIZACIA PROJEKTOVEHO RIADENIA PRE DYNAMICKU
BUDUCNOST: INTEGRACIA AGILNYCH PRAKTIK A INOVACIIT vV
OBLASTI Al

Peter PETKO!

Abstract

This paper explores the transformation of project management, highlighting the
shift from traditional methods like waterfall to agile frameworks and the
increasing role of automation and artificial intelligence (Al). It examines how Al
enhances project efficiency through automation of tasks, risk management, and
forecasting. A comparison of traditional and agile methodologies is provided,
demonstrating their respective strengths and challenges in various project
contexts. The paper concludes that integrating Al and agile principles can
significantly improve adaptability, decision-making, and project outcomes in
dynamic business environments.

Keywords:
Project management, waterfall, agile project management, artificial intelligence.

Introduction

This paper examines contemporary trends in project management, focusing on
the evolution of methodologies and their efficiency in delivering successful
outcomes. It proposes innovative strategies to enhance project management
practices within organizations. Transitioning to an agile project management
approach can be a significant shift for organizations accustomed to more
traditional waterfall methodologies. However, agile methods offer several
advantages that can make them a more practical approach for many projects,
particularly those that are complex, uncertain, or require rapid adaptation to
changing requirements. Some of the key differences between agile and waterfall
project management are described in Table 1:
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Table 1: Comparision of Waterfall and Agile framewotks

Waterfall Agile
Iterative: The project is broken down into
smaller, more manageable increments, and
each increment is developed and delivered

Plan-driven: the project is planned in detail
up front and then executed according to that

plan in an iterative fashion
Sequential: work is completed linearly, with | Adaptive: The project plan is continuously
each phase completed before moving on to adjusted based on feedback and new
the next information
Documentation-heavy: extensive Documentation-light: Less documentation
documentation is produced throughout the is produced, and the focus is on working
project software

Less adaptable: changes to the project are
difficult to make once the project is
underway

Source: author own elaboration based on (PMI, 2021):

More adaptable: Changes to the project are
easier to make as the project progresses

There are numerous benefits when shifting to an agile project management
approach. For example, increased flexibility by making changing requirements
more adaptable, which is beneficial in fast-paced environments and when dealing
with uncertainties, improved collaboration, which leads to better decision-making
and a more cohesive project outcome, increased customer satisfaction, which
allows for early feedback and the identification of potential issues and a reduction
of risk of project failures.

Transitioning to an agile project management approach can be challenging, but
the benefits can be significant. The following steps outlined can increase the
chance of successfully adopting a strategy for transition to agile project
management:

e Educate the team: The team should be trained on agile principles and
practices. This will help them understand the new way of working and how
their roles will change.

e Select the suitable methodology: There are many different agile
methodologies, such as Scrum, Kanban, and Extreme Programming (XP).
The organization should select the best method for its specific needs and
culture.

e Establish a framework: The organization should develop a framework that
outlines agile project processes and procedures. This framework should be
tailored to the organization's specific needs.

e Start small: It is essential to start with small pilot projects to familiarize the
team with agile practices. This will help identify any challenges or areas for
improvement before rolling out agile across the organization.
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e Measure and adapt: The organization should continuously monitor the
performance of its agile projects and make adjustments as needed. This will
help ensure that the organization gets the most out of agile.

Project management has evolved significantly in recent years due to various
factors, including technological advancements, changing business landscapes,
and evolving project management methodologies. However, the aim of the
projects is unchanging, i.e., it is to create or produce value, which can include, but
Is not limited to (PMI, 2021):

e Creating a new product, service, or result that meets the needs of customers
or end-users;

e Creating positive social or environmental contributions;

e Improving efficiency, productivity, effectiveness, or responsiveness;

e Enabling the changes needed to facilitate organizational transition to its
desired future state;

e Sustaining benefits enabled by previous programs, projects, or business
operations.

Project management has evolved to accommodate changing business needs and
leverage technological advancements. The focus is shifting toward agility,
collaboration, data-driven decision-making, and sustainability. Project managers
must adapt to these trends to ensure successful project delivery in today's dynamic
and competitive landscape.

1 Principles of traditional project management

The Project Management Institute (PMI) defines project management as
applying knowledge, skills, tools, and techniques to project activities to meet
project requirements. Project management refers to guiding the project work to
deliver the intended outcomes. Project teams can achieve the outcomes using
various approaches (e.g., predictive, hybrid, and adaptive). (PMI, 2021, p. 4).
Project management should ensure that stakeholders’ concerns are acknowledged
and appropriately addressed and provide the necessary support to enable
stakeholders to meet the project goals. Project management should be able to
balance scope, quality, effort, schedule, budget, and risk at all times. Moreover, it
has to identify the appropriate solution and risk mitigation strategies using
standards, documented decision analysis, and resolution processes when the
projected impact of an issue or a risk exceeds the project threshold (Ravinder,
2016). A conceptual framework of PRojects IN Controlled Environments
(PRINCE) is a structured process-based method designed to help organizations
deliver projects on time, within budget, and to the required quality standard. Its
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flexible methodology can be adapted to various project types and sizes. Moreover,
it defines a project as a temporary organisation created to deliver one or more
business products according to a specified business case. The project that has an
end is not designed to last very long. Hence, the project manager ensures the
project delivers the intended goal, within a defined timeframe and budget. (Team,
2019). Project management is unsuitable for dealing with sudden (emergency)
situations, periodically repeated activities, or simple risk-free actions.

Over the years, project practitioners have identified 12 main project
management principles. These principles are important throughout the project's
lifetime and provide guidelines for the people involved. They provide a
foundation for effective project execution and help guide project managers and
teams in making informed decisions.

The principles can be applied to different workplaces and industries and are
relatively flexible guidelines that offer a certain level of flexibility and do not need
to be followed rigidly in every project. Therefore, they can be adapted to specific
project contexts. They allow project managers to tailor their approaches based on
project requirements, organizational culture, and industry norms while still
maintaining the core principles of project management. Principles are required to
be used effectively, depending on the type of project, to ensure that the project is
successfully carried out and that they provide a consistent and reliable framework
for project execution. They guide decision-making, risk management, stakeholder
alignment and promote efficiency and effectiveness. By adhering to principles,
project managers can increase the likelihood of project success and deliver value
to stakeholders.

Table 2: 12 Project Management Principles
1 | Stewardship: Be a diligent, respectful, and caring steward.
2 | Team: Build a culture of accountability and respect.
3 | Stakeholders: Engage stakeholders to understand their interests and
needs.
4 | Value: Focus on value.
S | Systems Thinking: Recognize and respond to systems’ interactions.
6 | Leadership: Motivate, influence, coach, and learn.
5
8
9

Tailoring: Tailor the delivery approach based on context.
Quality: Build quality into processes and results.
Complexity: Address complexity.

10 | Risk: Address opportunities and threats.

11 | Adaptability & Resilience: Be adaptable and resilient.

12 | Change: Enable change to achieve the envisioned future state.
Source: (PMI, 2021, p. 24)
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It is the role of project managers to employ these principles in the project to
ensure that their team meets all goals and project deadlines. Moreover, project
managers play a critical role in ensuring that projects are successful by effectively
planning, organizing, and executing projects. Project managers can deliver value
to stakeholders and contribute to the organization's overall success.

Over the years, new methodologies and principles of project management have
evolved, including agile principles.

2 Principles of agile project management

Highsmith, in Manifesto for Agile Software Development (Highsmith, 2001),
uncovers better ways of developing software by doing it and helping others do it.
He concludes that individuals and interactions are placed over processes and tools,
working software is preferable over comprehensive documentation, and customer
collaboration is put before contract negotiations. It is also important that a
response to change is superior to following a rigid plan.

Highsmith highlights that while there is value in the items on the right, the value
of the items on the left is higher. He further describes the principles behind the
Agile Manifesto:

e The highest priority is to satisfy the customer through early and continuous
delivery of valuable software.

e Welcome changing requirements, even late indevelopment. Agile processes
harness change for the customer's competitive advantage.

e Deliver working software frequently, from a couple of weeks to a couple of
months, with a preference for a shorter timescale.

e Business people and developers must work together daily throughout the
project.

e Build projects around motivated individuals. Give them the environment and
support they need, and trust them to get the job done.

e The most efficient and effective method of conveying information to and
within a development team is face-to-face conversation.

e Working software is the primary measure of progress.

e Agile processes promote sustainable development. The sponsors, developers,
and users should be able to maintain a constant pace indefinitely.

e Continuous attention to technical excellence and good design enhances
agility.

o Simplicity, the art of maximizing the amount of work not done is essential.

110



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktdber 2025

e The best architectures, requirements, and designs emerge from self-
organizing teams.

e Atregular intervals, the team reflects on becoming more effective, then tunes
and adjusts its behaviour accordingly.

3 Comparison of traditional and agile approaches in project
management

The natural sequence of traditional projects is illustrated in Figure 1, while
Figure 2 depicts the waterfall model, and Figure 3 shows the Agile development
cycle.

Monitaring
nitizting | M| Planning | | Exccuting | WP & | Closing
Controlling

L S

Figure 1. The natural sequence of traditional projects, source: (Whitaker, 2012, s. 15)

Traditional project management typically follows a linear, sequential approach,
commonly referred to as the waterfall model. This method involves a series of
distinct phases: initiation, planning, execution, monitoring, and closure. Each
phase must be completed before moving on to the next, leading to a structured but
inflexible process. While this approach offers clarity and predictability, it can also
be time-consuming. The lack of focus on customer feedback at every step can
result in a product that does not fully meet user needs or expectations.
Additionally, making changes once the project is underway is often challenging,
requiring time-consuming approval processes and potentially causing delays.
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Figure 2. Waterfall model, source: (altexsoft, 20, p. 5)

In contrast, the Agile development cycle, illustrated in Figure 3, promotes an
iterative and incremental approach. Agile methodologies emphasize flexibility,
allowing teams to adapt to changing requirements and feedback throughout the
project lifecycle. This iterative process fosters continuous improvement and
closer collaboration with stakeholders, resulting in higher customer satisfaction.
Agile practices enable teams to deliver working increments of the project more
frequently, allowing for real-time adjustments based on user feedback.

Agile Development Cycle
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Figure 3. Agile (SCRUM) development cycle, source: (altexsoft, 20, p. 7)

Transitioning to agile project management signifies a shift from a rigid focus
on extensive upfront planning and documentation toward a more dynamic
approach that prioritizes implementation and customer involvement. Agile
methodologies encompass various frameworks, such as Scrum, Kanban, and
Extreme Programming, each offering unique practices tailored to specific project
contexts. However, it is essential to recognize that agile is not a “silver bullet” and
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Is not universally applicable. The effectiveness of agile practices depends on

several factors, including project type, organizational culture, and the skill sets of
team members.

Both traditional and agile approaches are well described in frameworks and
methodologies, and both are correct. It is necessary to decide which approach to
use, and the choice between them should be made based on the nature of the
project. For instance, projects with well-defined scopes and stable requirements
may benefit from the structure of traditional methodologies, while those involving
high uncertainty and frequent changes are likely to succeed with agile practices.
This is summarized in Table 1.

Table 1. Comparison of traditional and agile approach in project management

Traditional PM Agile PM

« agreed business case « complex problem for which we do not know the exact target
state, only the vision

« large change
« activities built around a product or service that continuously

« we know the initial and target state bring value and enable quick response to changes

« where is a need for thorough design and planning in advance + an iterative approach

* need to quickly respond to changes during development, to

« accurate delivery of the output in terms of cost and time ; :
constantly look for and test innovations

« ussually temporary team created for the needs of a given

delivery, with a flexible composition of competences + need for stable team

« always going through the phases of team development » komplex competences for the given product, or service

« well-coordinated team

» team knows the customer of the product better and thus
achieves high added value for users

Source: author own elaboration

The increasing adoption of Scrum, particularly in IT projects, highlights the
necessity for agile methodologies in today's fast-paced environment. As
Sutherland (2019) notes, the rapid pace of social, economic, and technological
change demands a different way of working. Scrum allows individuals and teams
to respond nimbly to complexities and uncertainties, facilitating an environment
where continuous adaptation is possible.

Furthermore, the integration of artificial intelligence (Al) into project
management enhances the capabilities of both traditional and agile approaches.
Al tools can provide valuable insights through data analysis, allowing project
managers to make informed decisions quickly. In agile environments, Al can
assist with predictive analytics, helping teams foresee potential challenges and
adjust their plans accordingly. This synergy between agile practices and Al
Innovations not only modernizes project management but also equips
organizations to thrive amid constant change and uncertainty.
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In summary, while traditional and agile methodologies each offer distinct
advantages, the modern project landscape increasingly favours agility and
adaptability. As organizations look to the future, embracing a blend of
methodologies informed by real-time data and Al innovations will be essential for
successful project delivery and organizational resilience.

4 The Evolution of Project Management

Various factors, including advancements in technology, changes in business
practices, and the recognition of the importance of effective project delivery, have
shaped the evolution of project management. Below is an overview of the key
stages as described by Haughey (Haughey, 2021).

Traditional Project Management (Pre-1950s):

Project management practices in this era were primarily focused on large-scale
construction and engineering projects, such as building infrastructure and dams.
The emphasis was on planning, scheduling, and controlling activities using
techniques like the Critical Path Method (CPM) and Program Evaluation and
Review Technique (PERT).

Introduction of Project Management Methodologies (1950s-1960s):

During this period, project management methodologies like CPM, PERT, and
GERT gained prominence and were applied to projects in industries beyond
construction and engineering. These methodologies provided a structured project
planning, scheduling, and resource management approach.

Software Development and the Waterfall Model (1970s-1980s):

The rise of software development projects led to adopting the Waterfall model,
which introduced a sequential approach to project management. It emphasized
distinct phases: requirements gathering, design, development, testing, and
deployment. The Waterfall model was widely used but had limitations in handling
changing requirements and customer feedback.

Introduction of Agile and Iterative Approaches (1990s-2000s):

In response to the challenges of the Waterfall model, agile project management
methodologies emerged. The Agile Manifesto, published in 2001, emphasized
flexibility, collaboration, and iterative development. Agile methodologies, such
as Scrum and Extreme Programming (XP), gained popularity in software
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development and emphasized delivering value incrementally, responding to
change, and fostering customer collaboration.

Integration of Agile and Traditional Methods (2000s-2010s):

Recognizing the strengths of both traditional and agile approaches, project
managers started integrating practices from different methodologies. Hybrid
project management approaches emerged, combining the structure and
predictability of traditional methods with the flexibility and adaptability of agile
methods. This allowed organizations to tailor project management approaches
based on specific project requirements.

On February 11-13, 2001, seventeen people met in the Wasatch mountains of
Utah. Representatives from Extreme Programming, SCRUM, DSDM, Adaptive
Software Development, Crystal, Feature-Driven Development, Pragmatic
Programming, and others sympathetic to the need for an alternative to
documentation-driven, heavyweight software development processes convened.
Naming themselves "The Agile Alliance". They created the “Software
Development Manifesto”. Manifesto provides some specific ideas promoting
organizational models based on people, collaboration, and building the types of
organizational communities in which we would want to work, delivering good
products to customers by operating in an environment that does more than talk
about "people as our most important asset™ but actually "acts" as if people were
the most important, and lose the word "asset." So, in the final analysis, the
meteoric rise of interest in—and sometimes tremendous criticism of—Agile
Methodologies is about the mushy stuff of values and culture (Highsmith, 2001).

Highsmith further concludes that this isn’t merely a software development
problem. It runs throughout Dilbertesque organizations. To succeed in the new
economy and move aggressively into the era of e-business, e-commerce, and the
web, companies must rid themselves of their Dilbert manifestations of make-work
and arcane policies. This freedom from the inanities of corporate life attracts
proponents of Agile Methodologies and scares the bejeebers out of traditionalists.
Quite frankly, the Agile approaches scare corporate bureaucrats— at least those
that are happy pushing process for process’ sake versus trying to do the best for
the "customer" and deliver something timely and tangible and "as promised"—
because they run out of places to hide.

The Agile movement is not anti-methodology. It embraces modeling, embrace
documentation, but not hundreds of pages of never-maintained and rarely-used
tomes, plan, but recognizes the limits of planning in a turbulent environment. In
2000, several articles referenced the category of "Light" or "Lightweight"
processes. Several articles referred to "Light methodologies, such as Extreme
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Programming, Adaptive Software Development, Crystal, and SCRUM." In
conversations, no one liked the moniker "Light," but it seemed to stick for now.

Focus on Organizational Agility (2010s-present):

Project management has shifted from being solely project-centric to
encompassing organizational agility. Frameworks like the Scaled Agile
Framework (SAFe) and Disciplined Agile (DA) have emerged, enabling
organizations to scale agile practices and implement agility at the enterprise level.
The emphasis is on aligning project portfolios, encouraging cross-functional
collaboration, and adopting agile principles throughout the organization.

Embracing Digital Transformation and Al (Present and Future):

The digital age has brought significant advancements, including integrating
project management tools, cloud-based collaboration platforms, and artificial
intelligence (Al). Project managers now leverage technology to automate routine
tasks, gather real-time project data, and make data-driven decisions. Al and
machine learning also assist with project planning, risk analysis, and resource
optimization. Some concrete examples of how Al is being used in project
management:

Chatbots: Al-powered chatbots provide 24/7 support to project team members
and stakeholders by answering routine inquiries, offering guidance, and assisting
with task management. This can improve stakeholder engagement, enhance
customer satisfaction, and reduce the administrative workload for project
managers, allowing them to focus on higher-level tasks.

Resource Allocation: Al algorithms optimize resource allocation by matching
team members’ skills, availability, and workload with project requirements. This
enhances efficiency by ensuring that the right resources are assigned to the right
tasks, leading to cost savings and better time management across the project
lifecycle.

Predictive Analytics: Al-driven predictive analytics tools can forecast potential
project delays, cost overruns, and other risks. By analyzing historical data and
patterns, Al allows project managers to anticipate issues before they occur,
enabling them to take preventive measures and improve overall project outcomes.

Risk Management: Al tools can analyze vast amounts of project data to identify,
assess, and prioritize potential risks. By automating risk detection and quantifying
uncertainties, Al helps project managers develop more effective mitigation
strategies, ensuring projects stay on schedule and within budget.
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Overall, the evolution of project management reflects the need for adaptability,
agility, and collaboration in an ever-changing business environment. From
traditional approaches to agile methodologies and organizational agility, project
management continues to evolve to meet the demands of complex projects and
dynamic market conditions. There is an increasing emphasis on integrating
sustainability and social responsibility into project management practices.
Organizations incorporate environmental, social, and governance (ESG)
considerations into project planning and execution. Sustainable project
management aims to minimize environmental impact, ensure ethical practices,
and contribute positively to society.

Over the history, several methodologies developed. There is no right or wrong
solution when choosing a project management methodology, and several aspects
must be evaluated.

5 Challenges in selecting project management methodology

Historically, project management has been viewed as a well-defined discipline
with transparent, established methodologies. However, modern business
environments' increasing complexity and dynamism have introduced new
challenges that traditional methodologies may not adequately address. For
instance, agile approaches have emerged as a promising alternative, emphasizing
flexibility, iterative progress, and customer collaboration. Yet, for many
organizations, these agile methodologies remain relatively novel, leading to a gap
in preparedness among teams and stakeholders.

Selecting a project management methodology can be one of the most
challenging parts and can have a tangible impact on the project's fate. It is mainly
based on an expert’s opinion, past working experience, government rules and
regulations, organisation, senior management, stakeholder preferences, and client
location (Attarzadeh, 2008, p. 8).

One significant barrier to adopting agile practices is the prevailing mindset
within organizations. Many employees and management teams are accustomed to
traditional project management methodologies, which often prioritize strict
adherence to plans and processes. A methodology is a set of guidelines or
principles that can be tailored and applied to a specific situation (Howes, 2001).
Methodology is a specific way of completing projects with defined processes,
templates, and tools. Most organisations develop their own from a framework
such as the Project Management Body of Knowledge (PMBOK) Guide. Some
companies buy a readymade proprietary one such as MPMM, Method 123,
TenStep, PRINCEZ2, Agile, Scrum, or CPMM (Whitaker, 2012, p. 13).
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Transitioning to an agile mindset requires a cultural shift that encourages
adaptability, collaboration, and an openness to change. This shift necessitates not
only an understanding of agile principles but also the development of soft skills
such as effective communication, teamwork, and problem-solving.

Additionally, integrating artificial intelligence (Al) into project management
presents opportunities and challenges. Al can enhance project management by
automating routine tasks, providing predictive analytics, and improving decision-
making processes. However, successfully implementing Al tools requires a
certain level of digital literacy and familiarity with these technologies among
project teams. Organizations must ensure that their workforce is equipped with
the necessary skills to leverage Al effectively. This can involve training programs,
workshops, and ongoing support to facilitate the transition.

Moreover, when selecting a project management methodology, one must
consider the specific context of each project. Factors such as project size,
complexity, stakeholder involvement, and industry-specific requirements are
crucial in determining the most suitable approach. In some cases, a hybrid
methodology that combines elements of both traditional and agile practices may
offer the best solution, allowing organizations to retain the structure of traditional
methods while embracing the flexibility of agile approaches.

Ultimately, the process of selecting a project management methodology is
complex and multifaceted. It requires careful consideration of various factors and
a willingness to embrace change. As organizations continue to evolve in response
to dynamic market conditions, successfully integrating agile practices and Al
innovations into project management will be essential for achieving sustainable
success.

6 Quantitative project management and Al

To enhance project performance, it is essential to implement adequate
measurement systems that facilitate timely corrective actions. In an era
characterized by limited time and resources, organizations increasingly focus on
achieving efficiency and effectiveness across all operations. Project management
techniques such as defining clear objectives, meticulous planning, resource
allocation, and risk management empower companies to streamline processes,
reduce waste, and deliver projects on time and within budget.

The article by Shouche, Sandeep, and Mate (2006) discusses the utilization of
metrics for effective project management within the quantitative project
management framework. The authors emphasize the importance of defining
relevant metrics tailored to project needs, particularly in the IT software
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environment. While the measures described can apply across various projects,
they are especially pertinent in sectors where rapid change and adaptability are
critical. In their analysis, they conclude that aligning the project's major objectives
with appropriate metrics is crucial for effective management. They identify
several key objectives that should guide metric selection:

. Predictability: Evaluating performance against planned milestones
ensures that projects stay on track.

« Quality: Monitoring the number of defects or instances of "non-
conformance to specs™ helps maintain high standards.

. Responsiveness: Assessing the speed of responses and resolutions
provided to stakeholders reflects an organization’s commitment to
stakeholder engagement.

. Efficiency: Maximizing the utilization of available resources reduces
costs and enhances productivity.

« Productivity: Focusing on enhancing the output of existing resources
supports overall project success.

The project management office plays a pivotal role in defining these metrics,
ensuring they are correlated with the above objectives, and tracking them
regularly. This ongoing monitoring facilitates the analysis of trends and variances,
allowing project teams to implement corrective actions proactively.

As organizations embrace agile methodologies and Al innovations, the role of
guantitative project management becomes even more critical. Agile practices
emphasize iterative progress and adaptability, which necessitate continuous
measurement and feedback. By integrating Al-driven analytics tools, project
managers can gain real-time insights into project performance metrics, enabling
them to identify areas for improvement and respond swiftly to emerging
challenges.

Al technologies can enhance the collection and analysis of quantitative data,
making it easier to monitor performance indicators such as resource utilization,
risk factors, and project timelines. For instance, predictive analytics powered by
Al can forecast potential project delays and budget overruns by analyzing
historical data and identifying patterns. This proactive approach allows project
managers to address issues before they escalate, improving overall project
outcomes.

Furthermore, incorporating quantitative metrics into project management
provides a systematic framework for identifying, analyzing, and mitigating risks.
By applying the right metrics and leveraging Al technologies, organizations can
minimize potential pitfalls and ensure the successful delivery of projects.
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7 Conclusion

This paper reaffirms the critical role of project management as a strategic tool
within corporate governance. By integrating effective project management,
companies not only improve operational efficiency but also gain the ability to
navigate increasingly complex business environments, ultimately driving
sustainable success. The availability of project data, coupled with advanced
analytics, empowers project managers to make well-informed decisions. This
data-driven approach enhances the ability to track performance metrics, identify
emerging trends, and predict risks, leading to more proactive decision-making and
optimized resource management.

The transformative potential of automation technologies and artificial
intelligence (Al) is reshaping how projects are managed. Routine administrative
tasks, such as scheduling and reporting, can be automated, freeing project
managers to focus on more strategic initiatives. Al-driven tools are already
demonstrating value in areas such as risk analysis, resource allocation, and project
forecasting, increasing both efficiency and accuracy. As Al continues to evolve,
it promises to bring even more innovative applications that will revolutionize
project management practices and improve organizational outcomes. In addition
to technical expertise, project managers must continue to hone essential soft skills
like leadership, communication, and stakeholder management. These skKills,
alongside collaboration, negotiation, and conflict resolution, remain vital to
leading diverse teams and ensuring the success of complex projects.

The comparison between traditional and agile methodologies, which was
central to this paper, highlights a shift in how project management frameworks
Impact organizational performance. Traditional approaches, such as the waterfall
model, offer a structured, sequential process that works well for projects with
well-defined requirements but may struggle with adaptability in fast-paced,
uncertain environments. Agile methodologies, by contrast, promote flexibility,
adaptability, and iterative progress, allowing organizations to respond to change
rapidly and effectively. Companies must assess their project types, goals, and
organizational culture to determine which approach best suits their needs. The
appropriate selection and application of these methodologies can greatly enhance
the efficiency and resilience of company management.

Finally, as project management evolves, long-standing concepts like the Triple
Constraints of project management, often referred to as the "lron Triangle" (time,
budget, and scope), are giving way to a broader focus on outcomes. This shift
underscores the growing importance of delivering value, rather than simply
adhering only to fixed parameters.
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PROJEKTOVY MANAZMENT AKO KLLUCOVA
KOMPETENCIA V MODERNEJ VYUCBE AKTUARSKEJ
VEDY

PROJECT MANAGEMENT AS A KEY COMPETENCE IN MODERN
ACTUARIAL SCIENCE TEACHING

Silvia ZELINOVA?

Abstrakt:

Projektovy manaZzment zohrava Coraz vyznamnejSiu ulohu vo vzdelavani
buducich aktuarov, ked’Ze prax si vyZaduje nielen technickeé znalosti, ale aj
schopnost’ koordinovat’ komplexné ulohy. Moderné aktuarske projekty casto
zahffiaju multidisciplindrne timy, pracu s rozsiahlymi datami a komunikaciu
s roznorodymi akcionarmi. Zaradenie projektového riadenia do vyucby preto
zvysuje pripravenost §tudentov na realne profesionalne vyzvy. Studenti ziskavaju
skusenosti s planovanim, identifikaciou rizik a hodnotenim vysledkov. Praktické
projektové ulohy zarovenn podporuju rozvoj kritického myslenia a efektivnej
spoluprace. Integracia tychto kompetencii do sylabov umoziiuje prepojenie tedrie
so skutocnymi pripadovymi Stadiami. Vyucba sa stdva dynamickejSou a
orientovanou na rieSenie problémov. Projektovy manazment tak predstavuje
vyznamni  pridand  hodnotu, ktora  podporuje  profesionalitu  a
konkurencieschopnost’ absolventov aktudrstva v neustale sa meniacej praxi.

KPucové slova:
Projektovy manazment, aktuarstvo, projektova vyucba.

Uvod

Aktuarska profesia prechddza v poslednych rokoch dynamickou
transformaciou, ktord je sposobend rasticou komplexnostou poistnych
produktov, ddtovymi inovaciami a poziadavkami regulacie. Kym v minulosti bola
praca aktuara vnimand najmd ako technicky orientovana, zaloZena na
matematickych a Statistickych vypoctoch, sucasna prax kladie doraz aj na
komunika¢né, organizacné¢ a projektové schopnosti. Implementacia poistno-
matematickych modelov, riadenie datovych analyz ¢i1  koordinovanie
medziodborovych timov si vyZaduje systematické planovanie, riadenie rizik,

1 Ing. SILVIA ZELINOVA, PhD., Katedra matematiky a aktudrstva, FHI Ekonomicka
univerzita v Bratislave, silvia.zelinova@euba.sk.
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efektivnu timova spolupracu a komunikéciu s predstavenstvom spolocnosti, ¢i
akcionarmi.

Vyucba aktuarstva na univerzitach je tradi¢ne zamerand najmi na technické
predmety, ako st pravdepodobnost, Statistika, financnd matematika ¢i tedria
rizika. Hoci tieto oblasti tvoria dolezity zaklad profesie, moderné pracovné
prostredie ukazuje, ze pre uspesné uplatnenie aktuara su rovnako doélezité aj
mikké a manazérske kompetencie. V tejto suvislosti nadobtida projektovy
manazment osobitnii ddlezitost. Zaradenie projektovych metéd do vyucby
aktuarstva moze zvysit' pripravenost’ absolventov na vyzvy praxe a podporit
prepojenie medzi tedriou a realnymi pracovnymi situaciami (Kerzner, 2025).

Clanok sa venuje vyznamu projektového manaZmentu v aktuarskom
vzdelavani a analyzuje moznosti jeho efektivnej integracie do vyucby. Pozornost’
je venovana nielen teoretickym vychodiskam, ale aj ndvrhu praktického modelu
vyucby a vyskumnym aspektom, ktoré mozu podporit’ jeho implementaciu.

1 Teoretické vychodiska

Ciel'om ¢lanku je preskimat’ vyznam projektového manazmentu ako klI'icove;j
kompetencie v modernej vyucbe aktuarstva a poukdzat’ na prinosy integracie
projektového vyudovania do vysokoskolskych programov. Clanok sa usiluje
identifikovat’ konkrétne prvky projektového riadenia, ktoré st pre aktuarsku
profesiu najddlezitejSie, a tieZ analyzovat’ sposob, akym mdze projektova vyucba
zlepsit’ odborné aj méakké zrucnosti Studentov.

Dopliiujicimi ciel'mi ¢lanku su:

» definovat $pecifické kompetencie projektového manazmentu relevantné
pre aktuarov,

» predstavit’ model integracie projektového riadenia do sylabov,

» analyzovat' oCakavané efekty projektového vyucCovania na profesijnu
pripravenost’ Studentov,

» podporit’ diskusiu o potrebe modernizacie aktuarskeho vzdelavania
Vv kontexte rasticich poziadaviek trhu.

Projektovy manazment predstavuje systematicky proces planovania,
organizovania, riadenia a kontroly aktivit s cielom zabezpecit’ tspesné splnenie
projektu. PMI (angl. Project Management Institute) definuje projekt ako ¢asovo
ohraniceny proces s unikatnym vysledkom, pricom doraz sa kladie na riadenie
troch zakladnych prvkov: rozsahu, Casu a ndkladov (PMI, 2021 a Horniakova,
2024). Na druhej strane aktuarstvo je disciplina zaoberajica sa kvantifikaciou
rizik v oblasti financii, poistovnictva a dochodkovych systémov. Aktudrska praca
vSak nie je izolovana od timovej spoluprace ¢i koordinovania odbornych uloh.
Medzinarodné aktuérska asocidcia (IAA) zdoraziiuje vyznam komunika¢nych a
organizaénych zru¢nosti ako neoddelite'nt sucast’ kvalifikacného profilu aktudra
(TAA, 2017). Prepojenie tychto dvoch oblasti je logické: aktuarske tlohy casto
vznikaji ako sucast’ vacSich projektov, napriklad implementacie novych
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poistnych produktov, modelov na vypocet technickych rezerv alebo r6znych
datovych analyz. Takéto projekty vyzaduji detailné planovanie, koordinaciu
medzi IT, analytikmi, manazmentom a regulacnymi organmi, a tym prirodzene
spajaju aktuarske vedomosti s projektovym manazmentom.

1.1 Vyznam projektového riadenia pre aktuarov

Aktuari sa v praxi zapdjaju do Sirokej skaly projektov, ktoré presahuju ramec
klasickych vypocCtov. Moze ist o projekty zamerané na vyvoj prediktivnych
modelov, implementaciu reguldcie Solventnost’ Il, vypocty podla principov
Standardu IFRS 17, aktualizaciu tarifnych Struktar €1 zlepSenie procesov v analyze
dat. Tieto projekty vyzaduju planovanie krokov, komunikaciu vysledkov a
riadenie rizik, ¢o su klaCové prvky projektového manazmentu. Pre Studentov
aktuarstva prinasa projektova vyucba tieto vyhody:

> zlepSenie porozumenia odbornym konceptom vdaka praktickym
uloham,

> rozvoj méikkych zruénosti, ktoré st na trhu prace vysoko hodnotené (napr.
timova spolupraca, prezentovanie vysledkov),

> pripravenost’ na komplexné ulohy, ktoré¢ budu riesit’ v praxi,

> vicéSiu motivaciu a angaZovanost’, kedZe projekty st zalozené na
realnych pripadoch,

> posilnenie schopnosti kritického a analytického myslenia.

Zahranicné Stadie ukazuju, ze projektova vyucba vedie k lepsim dlhodobym
vysledkom Studentov technickych a matematickych odborov (Prince & Felder,
2006). V pripade aktuarstva moze mat’ eSte vacsi vyznam, ked’Ze profesia je
vyrazne orientovana na praktické rieSenie problémov.

2 Navrh integracie projektového riadenia do vyucby aktuarstva

Jednou z mozZnosti je vytvorenie predmetu ,,Projektovy manazment pre
aktuarov®, ktory by kombinoval teoreticki vyucbu projektového riadenia
s praktickymi zadaniami. Predmet by mohol zahfiiat’ projektové zadania na:

tvorba jednoduchych poistno-matematickych modelov,
analyza citlivosti parametrov v jednotlivych modeloch,
vytvorenie aktuarskej spravy s odpora¢aniami pre manazment,
pripadové Stadie z praxe poistovni,

timovy projekt s prezentaciou pred ,,odbornou komisiou®.

YV V V V V

Hodnotenie projektu by mohlo zahimnat’:

> kvalitu technického rieSenia,
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» schopnost’ timovej spoluprace,

> prezentovanie vysledkov,

> zapracovanie spétnej vizby,

> reflexiu jednotlivych Studentov na priebeh projektu.

Prepojenie s praxou

Priama spolupraca univerzit s poistovitami alebo poradenskymi firmami
umoziiuje vytvarat autentické projektové ulohy. Projektové vyucCovanie sa v
aktuarskom vzdelavani osvedcuje najmai vtedy, ked’ Studenti rieSia realne zadania
z praxe v spolupraci s poistovitami alebo finanénymi institiciami, ¢o zvySuje ich
schopnost’ aplikovat’ teoretick¢é modely v profesionalnom kontexte. Vyskum
ukazuje, Ze pri projektovych ulohach vytvorenych spolu s priemyselnymi
partnermi sa vyrazne posiliiuje pripravenost’ Studentov na budice povolanie, a to
najmi v oblastiach hodnotenia rizika, prace s datami a komunikacie vysledkov.
Takto nastaveny model univerzita—firma podporuje aj rozvoj kompetencii, ktoré
st kl'acové pre aktuarsku profesiu (Badir et al., 2023; Naseer et al., 2025; Pan et
al., 2023;).

2.1 Formy projektového vyucovania a ich vhodnost’ pre aktuarstva

Aktuarstvo patri medzi discipliny, ktoré pracuji s komplexnymi datami,
hodnotia riziko a vyZaduju schopnost’ analyticky mysliet, samostatne riesit
problémy a efektivne komunikovat’ vysledky. Preto je dblezité zvolit’ také formy
projektového vyucCovania, ktoré tieto kompetencie rozvijaja ¢o najviac. Pre
aktuarov je pritom zasadna autentickost’ Uloh, kontakt s praxou, timova
spolupraca a schopnost’ modelovat’ realne situacie. Jednotlivé formy projektového
vyu€ovania sa vSak liSia mierou narocnosti, typom vystupov aj prinosom pre
profesijny rozvoj Studenta. Nasledujuca tabulka poskytuje prehlad r6znych
projektovych metdd a hodnoti ich vhodnost’ pre aktuarske vzdelavanie. Umoziluje
tak lepSie porozumiet’ tomu, ktoré formy podporuju rozvoj praktickych zru¢nosti,
kritického myslenia a profesionalnej pripravenosti potrebnej v aktudrske;j praxi.

Najvhodnejsimi formami projektového vyu€ovania pre aktuarstvo st najma
timové projekty, ked’ze aktudrska prax je prirodzene timova a Studenti si vd’aka
nim rozvijaju mdkké zrucnosti, ako je organizicia prace, komunikacia c¢i
prezentovanie vysledkov. Vel'mi prinosné su aj projekty realizované v spolupraci
s firmami, ktoré Studentom umoZiluju pracovat’ s redlnymi datami, modelmi a
procesmi, a teda im poskytuju najautentickejSiu skisenost’ s profesiou. Simulacie
a modelové situdcie zas podporuju hlbsie pochopenie rizik, pravdepodobnosti a
finanénych mechanizmov, ¢o je pre aktuarsku matematiku kl'a¢ové. Capstone
projekt predstavuje idedlnu formu integracie aktuarskeho modelovania,
projektového riadenia a mékkych kompetencii, ked’ze spéja vsetky tieto prvky v
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jednom komplexnom vystupe. V tabulke 1 st uvedené formy projektového
vyucovania a ich vhodnost’ pre vyucbu aktuarskych vied.

Tabulka 1: Analyzy foriem projektového vyucovania pre vyucbu aktudrskych vied

Forma
. , Stru¢na . Vhodnost’ pre
pro e,ktove.ho charakteristika Vyhody vyucbu aktuarstva
vyucfovania
Timové projektové Malé timy riesia Rozvoj timove;j Vel'mi vhodné
ulohy komplexné ulohy | prace, komunikacie,
pocas semestra. rozdelenia roli;
simuluje pracovné
prostredie.
Pripadové studie Analyza Prepojenie teorie s | Vysoka vhodnost’
(case studies) realistickych alebo praxou, kritické
historickych myslenie.
problémov z praxe.
Projekty v Realne zadania od | Najautentickejsie Idealna forma
spolupraci s firmou poist'ovni, bank ucenie, motivacia,
alebo konzultantov. networking.
Simulécie a Simulécia Bezpecné Vel'mi vhodné
modelové situacie poistnych experimentovanie,
systémov, rizik interaktivita.
alebo trhovych
scenarov.
Projektovy seminar Studenti si sami Rozvoj Vhodné
definuju projekt a samostatnosti a
pripravuju formulacie
dokumentaciu. problému.
Vyskumné mini- Malé analytické Podpora Vysoka vhodnost’
projekty ulohy spojené so analytického
Statistikou alebo myslenia, praca s
datami. datami.
Capstone projekt Komplexny Konsolidacia Mimoriadne
koncoroc¢ny projekt zrucnosti, vhodné
S profesiondlny
interdisciplindrnym vystup.
presahom.
Projektova Workshopy, Striedanie aktivit, Stredna vhodnost’
laboratorna vyucba | cvicenia a kratke technicka prax.
projekty.
Agilné projektové | Iterativne riadenie | Flexibilita, vhodné Vel'mi vhodné
riadenie (SCRUM, | projektu s rychlou | pre datové projekty.
Kanban) spétnou vizbou.

Zdroj: vlastné spracovanie
Medzi formy s vysokou vhodnostou patria pripadové §tadie, ktoré dopinaju

teoretické poznatky o prakticky kontext a ucia Studentov rozhodovat sa na
zaklade komplexnych informacii. Rovnako dodlezit¢ su aj vyskumné mini-
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projekty, ktoré su obzvlast’ cenné pre datovo orientované oblasti aktuarstva,
napriklad pre prediktivne modelovanie ¢i Statisticka analyzu.

Formou so strednou vhodnost’ou st projektové laboratoria, ktoré sice umoziuja
rozvoj technickych zru¢nosti a praktické precvi¢enie metéd, no menej podporuji
tvorbu komplexnych projektov, ktoré vyzaduju rozsiahlejSie pldnovanie a
koordinéciu. Projektové formy vyuCovania predstavuju efektivny spdsob, ako
posilnit’ kompetencie, ktoré si v aktuarskej praxi kI'iové: analytické myslenie,
praca s datami, interpretacia vysledkov, rieSenie komplexnych problémov a
schopnost’ fungovat’ v time ¢1 v interakcii s odbornikmi z praxe. Z porovnania
jednotlivych metdd je zreymé, Ze najvacsi prinos maji formy, ktoré simuluju
redlne pracovné situdcie, napriklad projekty v spolupraci s firmou, simulacie
rizikovych scendrov €i capstone projekty. Tieto formy umoziiuji Studentom zazit’
autentickl pracu aktudra: od modelovania poistno-matematickych procesov az po
prezentaciu odporacani pre manazment. Menej komplexné metédy ako semindre
alebo laboratorna projektova vyucba sice podporuju technické zru€nosti, ale
neponukaji taki hibku a prepojenost. Naopak, vyskumné miniprojekty &i
pripadové Studie st vhodnym mostom medzi tedriou a praxou a zaroven posiliuju
pochopenie pojmov a metodik v kontexte skuto¢nych problémov.

Celkovo moZzno konStatovat, Ze kombindcia viacerych projektovych foriem
vytvara harmonicky model pripravy aktuara, ktory je schopny flexibilne reagovat’
na poziadavky dynamického poistného a financného prostredia.

Na zaver uvadzame, ako jednotlivé formy projektového vyucovania prirodzene
zapadaju do kl'ai€ovych oblasti aktuarstva s uvedenim praktického prepojenia
S konkrétnymi témami z jednotlivych oblasti aktuarskych vied:

1. Teoria rizika a modelovanie poistnych udalosti

> Simulacie a modelové situacie umoziuju Studentom pracovat’ s
nahodnymi procesmi, tvorit’ simulované portfélia a analyzovat’ dopad
extrémnych udalosti.

» Case studies zaloZené na historickych poistnych katastrofach vedu k
rozvoju kritického myslenia pri hodnoteni rizikovych modelov.

2. Zivotné a neZivotné poistenie

> Projekty v spolupraci s firmou (poistovne, konzultaéné spolo¢nosti) st
idealne pre ulohy ako vypocet poistného, rezerv, Skodovych trojuholnikov
¢1 analyzu portfolia.

> Capstone projekty umoznuju rieSenie komplexnych uloh typu vyvoj
tarifikacie alebo optimalizacia poistnych produktov.

3. Financna matematika a ocenovanie zavdizkov

127



Uni PM FHI Inovativne pristupy k vzdelavaniu vo vyucbe a projektovom manaZmente
Recenzovany zbornik vedeckych prac oktdber 2025

> Timové projektové ulohy mozu simulovat’ investi¢né rozhodovanie,
ALM stratégie ¢1 hodnotenie rizika zmeny urokovych mier.

> Vyskumné miniprojekty si vhodné pre porovnavanie ocenovacich
metdd alebo testovanie stability modelov.

4. Stochastické modelovanie a datova analytika

> Agilné projektové riadenie (SCRUM, Kanban) je ideélne pre datové a
modelovacie ulohy, kde sa pracuje iterativne a s rychlou spéatnou viazbou.

> Projektova laboratérna vyucba podporuje vyucbu programovania v R
alebo v Pythone, pracu so Standardnymi aktuarskymi kniznicami a s
realnymi datasetmi.

5. Reguldcia Solventnost |l a Enterprise Risk Management

> Case studies a projekty v spolupraci s firmami umoznuji analyzovat’
vypoclty SCR/MCR, ORSA proces alebo hodnotenie kapitalovych
poZziadaviek.

> Simulacie podporuju pochopenie testov analyzy citlivosti na vstupné
parametre.

6. Komunikacia vysledkov a profesionalne zrucnosti

> Projektovy seminar rozvija schopnost’ samostatne formulovat’ problém,
viest’ dokumentéciu projektu a prezentovat’ vysledky.

> Capstone projekt vedie k profesionalnemu vystupu porovnatel'nému s
pracou aktudra.

Zaver

Integracia projektového riadenia do aktudrskeho vzdeldvania ma vyrazny
potencial zlepsit kompetencie a pripravenost’ absolventov na pracovné prostredie.
Projektové metddy st vSak narocné na Cas, persondlne kapacity a odborné
vedenie. Vyzvou moze byt aj zabezpecenie spoluprdce s praxou a narocnost
hodnotenia projektov. Napriek tomu skusenosti z inych technickych odborov
ukazuju, ze projektové vyucovanie prinasa dlhodobé vyhody, najmé pri rozvoji
profesionalnych kompetencii (Biggs & Tang, 2003).

Projektovy manazment predstavuje vyznamnu kompetenciu, ktord moze
vyrazne obohatit’ vyucbu aktuarstva. Zaradenie projektovych metdd do sylabov
umoznuje Studentom prepojit’ teoretické vedomosti so skutonymi vyzvami
praxe. Vysledkom je vySSia pripravenost’ absolventov na komplexné ulohy, ktoré
aktuarska profesia dnes vyzaduje. Univerzity by preto mali zvazit’ systematické
posilnenie projektovej vyucby a aktivnu spoluprécu s praxou.
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Prispevok bol spracovany v ramci rieSenia grantovej ulohy ESG A-25-
103/3020-17 ZlepSovanie znalosti a zrucnosti Studentov v oblasti
projektového manazmentu s vyuzitim metodiky IPMA.
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