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INTELLIGENT COMPETENCE AND LEARNING OUTCOMES MANAGEMENT
SYSTEM: ADAPTING EDUCATIONAL PROGRAMS TO THE LABOR MARKET

Abstract. The article presents an intelligent information system (11S) developed to automate
the formation of competencies and learning outcomes based on professional standards. A
distinctive feature of the I1S is the integration of professional standards with the Atlas of New
Professions, which allows adapting educational programs to the dynamically changing
requirements of the labor market and technological transformations. The key functional
capabilities of the system are described, including user authentication, generation of competencies
and learning outcomes for the design of educational programs. The implementation of the system
includes an interactive JavaScript interface with support for asynchronous sending of requests to
the server using AJAX technologies. OpenAl generative models are used to automatically generate
competencies and learning outcomes. The presented system has a wide range of potential
applications: from designing curricula based on competencies to creating career guidance
systems, analyzing and forecasting changes in the labor market, as well as adapting educational
programs to the requirements of high-tech industries. Thus, the developed model contributes to
the digitalization of education, improving its quality and ensuring that educational standards meet
the modern challenges of the knowledge economy.

Keywords: Competency management, Learning outcomes, Curriculum development,
Intelligent information system, Professional standards, Atlas of New Professions.

Introduction.

Modern educational systems face the need to adapt to new challenges associated with
digitalization, globalization and changing labor market requirements. In the conditions of rapid
technological progress, the key task is to develop educational programs that ensure the formation
of relevant competencies and adaptation of graduates to complex and dynamic professional
environments [1,2,3]. In the face of rapid technological progress, modern educational systems face
the imperative to evolve and align their programs with the emerging demands of the digital age
[1]. The key task is to develop educational curricula that cultivate the relevant competencies and
enable graduates to thrive in complex, dynamic professional environments [2]. The need for
educational reform is driven by the profound transformations occurring in the labor market, fueled
by the accelerating pace of digitalization. As stated in the 'Formation of Requirements to the
Competency Model for a University Graduate in the Digital Economy' study, digital technologies
can increase company productivity by up to 40% [4]. Accordingly, the key competencies required
by modern employers include systems thinking, adaptability, proficiency in IT systems, creative
problem-solving, cultural awareness, and teamwork [2]. Alongside this framework, an important

150



Ne3(38) AAA XAPLLbICHI

tool for formalizing digital skills and competencies is the Skills Framework for the Information
Age (SFIA), a model that classifies digital skills and competencies into seven levels. SFIA is used
by international organizations to define the requirements for IT professionals, which makes it an
important reference point when designing digital education programs [5].

However, traditional methods of educational programs development and competence
formation have a number of limitations:

- Time-consuming processes due to the need for expert analysis of normative documents,

- Subjectivity of competence formulations depending on different interpretations,
Difficulties in scaling and adaptation to changing market requirements [6,7,8].

Overcoming these challenges requires the adoption of innovative approaches to curriculum design
and competence development.

As the authors note [9] the key areas for improving educational systems in the digital age, as
identified in this research, include:

- Developing adaptive, personalized curricula aligned with evolving labor market demands

- Leveraging data analytics and generative Al to accelerate the design and iteration of
educational programs

- Strengthening the connection between educational institutions and industry to ensure
graduates' readiness for complex, dynamic professional environments [3,10,11].

- Promoting lifelong learning and continuous upskilling to empower individuals to thrive in
the face of technological change [2,11,12,13,14,2,1].

Modern educational systems must undergo a profound transformation to equip graduates with the
competencies required by the digital economy and global labor market. Innovative approaches to
curriculum design, digital tools for program development, and strengthening academia-industry
collaboration are crucial to enabling this evolution [3,2,15].

By addressing these critical challenges, educational systems can fulfill their vital role in equipping
the next generation with the competencies required to succeed in the 21st century world of work.
The emergence of generative Al provides new opportunities to address these limitations.
Generative Al systems are able to automate the creation of competencies and learning outcomes,
significantly accelerating the process of designing educational programs and adapting them to the
current requirements of the professional environment [16,17,18,19]. Additionally, Al-powered
analytics can be leveraged to analyze large datasets of job postings and educational program
information, empowering educators to identify emerging skill gaps and inform the development
of relevant curricular changes that better prepare students for the evolving labor market demands
[20,21,22]. By harnessing the power of technology, educational institutions can become more agile
and responsive to the rapidly transforming landscape of work, equipping the next generation with
the competencies necessary to thrive in the digital age [2,1,23]. The paper [24] proposes an Al-
powered learning recommendation system that utilizes educational data mining to enhance
educational outcomes. It employs machine learning algorithms to predict student success and
offers personalized, data-driven learning strategies to improve academic interventions. The
research [25] proposes a hybrid intelligent system for assessing educational outcomes, utilizing
expert systems and fuzzy simulation to structure databases of learning elements, thereby
facilitating the formation of competencies and learning outcomes through interactive
communication between the system and experts. The results [26] of this research underscore the
tremendous potential of leveraging advanced technologies, such as generative Al and educational
data analytics, to transform educational systems and better prepare graduates for the dynamic
professional environments of the future.

The aim of this study is to create intelligent information systems capable of autonomously
generating competencies and learning outcomes based on professional standards, as well as
adapting educational programs in real time using a competency map. Thus, this work will open up
new prospects for the complete digitalization and intellectualization of the competency modeling
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process, which will lead to the creation of more effective, personalized and adaptive educational
systems.

Materials and methods.

The proposed system utilizes a combination of data sources and generative Al systems to
automate the process of generating competencies and learning outcomes.

The system integrates professional standards, Atlases of new professions, and industry
requirements, enabling the automatic formation of competencies that align with user requests and
current trends in the professional field.

Additionally, the system aligns the generated competencies and learning outcomes with
Bloom’s taxonomy verbs, adapting them for integration into educational programs. The generated
data is stored in a database, ensuring the possibility of further editing, refinement, and use in the
development of educational courses.

Mathematical representation

To build an intelligent information system for comparing professional standards and
educational programs, we formalize the relationships between key components: labor functions
(LF), knowledge, skills and abilities (KSA), and learning outcomes (LO).

Let PS = {PS;,PS,,PSs,...,PS,} be a set of professional standards, LF = {LF;,LF,, LF5,...,LF,} be
a set of labor functions, and KSA = {KSA;,KSA,,KSAs,...,KSA,} be a set of knowledge, skills, and
abilities. The set M is a three-dimensional matrix in which each LF;, element is associated with
the corresponding knowledge, skills and abilities KSA; ; and learning outcomes LO; ;. This
structure allows modeling interdependencies between labor functions and educational outcomes.
[ LFy KSAj; LOj;
| LF, KSA;, LOj, I

_ |
M_I . . . I

l LFmn KSAmn LOmn J

To simplify the representation, we construct a matrix V', where each professional standard PS),
groups the corresponding labor functions LF and relates them to competencies C. Thus, the matrix
NV allows us to formalize the correspondence between professional standards and educational
programs.

PS, LFi1 LFi, ... LF,

PS, LF, LF,, ...LF,, G,

PS,  LFy; LFy, ... LR, Gy
We define a correspondence operator ¢ that maps the set of labor functions, knowledge, skills and
abilities to the set of learning outcomes:

P = (LFi,ji KSALJ) - LOi,j
The matching function f(y) can be represented as:

ny
f(y) = Z w; - LO;;
i-1

where w; - are the significance coefficients for each learning outcome.

Thus, the proposed model allows to automate the process of building educational trajectories
aligned with the requirements of professional standards, as well as to formalize the rules for an
intelligent system engaged in the generation of competencies and learning outcomes.

System Architecture
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The intelligent information system is built according to the modular principle and includes
several interrelated components to ensure smooth management of competencies and learning
outcomes. The system consists of three main levels: user interface (Frontend), server part
(Backend) and data storage level (Database).

The user interface (Frontend) is designed using JavaScript and AJAX to provide dynamic
interaction without reloading pages. This allows users to enter queries (knowledge, skills, abilities)
and instantly retrieve the generated competencies. The interface also includes tools for
visualization and customization of specialization focus selection, which makes the process of
working with the system convenient and intuitive.

The server part (Backend) processes input requests, passes them to the generative model
(GPT/OpenAl) and receives the generated results. It also interacts with the database to store and
update competency information.

The Database is based on MySQL and is designed to store structured information about new
occupations, professional standards and competencies. It provides high performance when
executing complex SQL queries, and also contains tables for storing the history of user queries,
training results and dynamic changes of competencies. The system architecture is presented in
Figure 1.

| User ‘ | Frontend l { Backend J OpenAl ( Database \

<

enters a query

sends an AJAX request

request for text generation

returns the generated text

saves the text

sends a reply

updates the interface

User | Frontend ‘ L Backend J

. |

OpenAl | Database

&= J

Figure 1 — Intelligent Information System Architecture

User Authentication and Authorization

The system employs a robust user authentication and authorization module to ensure secure
access to the platform. Users are required to provide valid credentials, and their roles and
permissions are strictly enforced to maintain the integrity of the system. For example, academic
administrators can access tools for curriculum development and program evaluation, while
instructors can utilize the system to design course materials and assessments aligned with the
generated learning outcomes. Figure 2 shows the user access control mechanisms in the system.
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Figure 2 — Authentication and authorization system for user roles and permissions

Automated learning outcomes generation

The main functionality of the IS is the automated generation of competencies and learning
outcomes for educational programs based on professional standards and the Atlas of New
Professions. The system analyzes the knowledge, skills, abilities, and job functions outlined in
professional standards and uses this data to generate relevant competencies and expected learning
outcomes. This ensures the adaptation of educational program content to the current labor market
demands.
The practical application of the generation of learning outcomes is shown in Figure 3. The process
of generating learning outcomes includes several stages:

1. The system loads knowledge, skills and abilities according to the selected standards.

2. Then the generation method is selected (NLP/Transformer/OpenAl)

3. Then, based on the selected method, the training result is generated.

4. Finally, the obtained learning outcomes are biased towards verbs from Bloom's
taxonomy and presented to the user for the development of educational programs.

5.
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Figure 3 — Learning outcome generation process

Learning outcomes are generated by analyzing the knowledge, skills, and abilities defined in
professional standards, and then translating them into measurable and observable statements. This
ensures that the content of educational programs is closely aligned with the evolving requirements
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of the labor market. This functionality is supported by various data analysis and verification tools,
which minimize human errors and enhance the accuracy of educational material development.

Automated competency generation

The practical application of competence generation is shown in Figure 4. The competence
generation process includes several stages:

1. The system loads all labor functions in accordance with the selected standards.

2. Then, the OpenAl methods generate competence in the selected direction

3. Finally, the obtained competencies are shifted towards verbs from Bloom's taxonomy
and added to the database to form a competence map.

KioueBble KOMIeTeHIIHH

MH®OPMALIMOHHO-KOMMYHUKALIMOHHBIE TEXHONOTUM v | [Aauusmcrpuposanme 6as aarhsix v

YcTaHoBKa ¥ HacTpoika MO. YCTBHOBKA, HACTPoOhKa W |YcTanaBnmeaTh, HaCTPausaTo W
Obecneuenue dymKumOMMpPOBANMA BA. obecneuenne $yHKunonmMpoBaNKA no obecneunsats dyHKuHOMNpOBaNME no
MOHMTOPHHT ¥ ynpasnenme W B. MOHATOPMHT, ynpasnewue |w BA. MonwTopuTs, ynpasnaTe
pesepsHbmM Konuposanuem BA. pesepsnum xonuposanuem u MBBA. |pesepensm xonuposanuem w MBBA.
Obecneuenue WEBA. Amanws # AManu3, MacTpoika |AnanuzwposaTs, HacTpawsaTs
HBCTPOAKA NPONSEOAUTENBHOCTH npowssoauTenbrocTy CYBA. |npoussoauTensrocTs CYBA.
CYBA. Obecnedenve 6ecnepeboiinoit Becnepeboiinan pabora u |06ecneunsats Becnepeboiinyn
pabots CYBA. Ynpasnenue ynpasneune passutuem BA. |paboty # ynpasnats pazsuTuem BA.
passuTuem BA.

? Z Tpebyemoit komneTeHumy -> ? .

Figure 4 — Competencies generation process

Z|| Peanuayemoi koMneTesumm -> #|| Nobasus |

Results and Discussion.

This paper presents an Intelligent Information System (11S) designed to automate the
formulation of competencies and learning outcomes for educational programs. The system
integrates professional standards with data from the Atlas of New Professions, ensuring the
alignment of educational content with the dynamically evolving labor market requirements and
technological advancements.

Key functional capabilities of the system include user authentication, automated competency
selection, learning outcome generation, and support for curriculum development. The system's
data analysis and verification tools play a crucial role in minimizing human errors and improving
the accuracy of educational material development. Additionally, the modular architecture and
robust user access controls ensure secure and efficient management of competency-based
education.

By streamlining the competency formulation process and integrating multiple data sources,
the 11S addresses key challenges associated with educational program development. The
automation of competency mapping not only enhances efficiency but also contributes to the
adaptability of curricula in response to emerging professional standards and industry demands.
The findings demonstrate that the proposed system significantly reduces manual workload,
improves consistency in competency formulation, and provides a scalable solution for higher
education institutions seeking to modernize their curriculum development processes.

Conclusion.

The developed Intelligent Information System (11S) represents a significant advancement in
educational technology. By leveraging automation and data analysis, the system ensures the
effective adaptation of educational programs to the rapidly changing demands of the labor market.
The integration of professional standards and labor market data minimizes the gap between the
education system and real employer needs.

The key functionalities of the 11S include automated competency selection, learning outcome
generation, and support for curriculum development. These tools not only streamline the course
planning process but also enhance its relevance through a data-driven approach. Additionally,
built-in data verification and analysis mechanisms ensure the accuracy and reliability of generated
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educational elements, reducing the risk of errors and improving the overall quality of learning
materials.

Despite the achieved results, further development of the IIS involves improving the
interpretation of professional standards, enhancing the system’s adaptability to diverse educational
contexts, and integrating it with modern digital learning platforms. Future research may also focus
on developing intelligent recommendations for personalized learning pathways, further enhancing
adaptability and individualization in education.

Thus, the proposed system contributes to the digitalization and intellectualization of
education, laying the foundation for the development of flexible and efficient educational
programs that meet the challenges of the modern technological landscape.

K¥3bIPETTEP/I ’KOHE OKBITY HOTHKXEJIEPIH BACKAPY/IbIH
NHTEJUVIEKTYAJIABI 7)KYUECI: BIJIIM BEPY BAT TIAPJIAMAJIAPBIH EHBEK
HAPBIFBIHA BEUIMJIEY

Anoamna:. Maxanada xaciou cmanoapmmap He2iziHOe KY3blpemmilikmep MeH OKblmy
HamudicenNepin  Kaiblnmacmulpyobl — A8MOMAmMmanovipyea  apuanearn  HMumennekmyanovl
aknapammuix  ocyie (MAXK) ycoinvinean. HAXK-ueiy  aiipviwa  epexuwenici-oinim - 6epy
bazoapramanapvln eyboex HapulbIHLIY CEPRIHOI 032epin OMblpamvlH MAlanmapblHa HCoHe
MEeXHOI02UANLIK 832epicmepee Oeliimoeyee MYMKIHOIK Oepemin dcana Kacinmep Amaacvimen
Kaciou cmanoapmmapobl unmezpayusnay 6oaein madwvinaovl. JKyiieniy nezizei hyHKYUOHAIObIRbL,
COHBIY [WiHOe NAUOAIAHYWbIHbIY aymenmugurayusicol, Oiim bepy bazoapiamanapvii sxcooanay
YUWiH KY3blpemminik neH oKy Homudjiceaepin Kkaivinmacmuolpy cunammanzan. Kyiieni encizy AJAX
MEeXHOI02UANAPbIH  KOJOAHA OMbIPLIN, Ccepeepee  ACUHXPOHObL  CYPAHbICMapobl  dcibepyoi
Konoaumuln JavaScript-me unmepaxmuemi unmepgeticmi kammuovl. Kysvipemminik nen oxy
Hamuoicenepin aemomammul mypoe Kaneinmacmuolpy yuiin OpenAl cenepamusmi mooenvoepi
KOJLOGHbLIAObI. YCbIHBLIEAH JiCYlie KY3blpemmiliKKe He2i30el2eH OK) HCOCNapaapbli Hcooanayoan
bacman xacinmik 6a20ap Jucyieniepin Kypyea, eHOeK HapbleblHOa&bl 632epicmepoi manidayad Hcame
bondicayea, conoau-ax Oinim Oepy 0a0apaaManiapvlii dHCo2apbl MEXHONOSUSIbIK CALANAPObIH
mananmapvina Oetiimoeyee Oeuinei aneyemmi KONOAHYOulH KeH cnekmpine ue. Ocwlnatiwa,
azipneHeen mooenb Oinim bepyoi yugparanovipyaa, ously CAnACbIH ApMmMslpy2a Hcane Oiim depy
cmanoapmmapbiubly — OLiM ~ IKOHOMUKACHIHBIY — 3AMAHAYU  MAlanmapuvlia cam  OO0xybiH
KaMmMamacwl3 emyee blKnaji emeoi.

Tyiiin ce3dep: Kyszvipemminikmi oackapy, Oxeimy namuoicenepi, Oky bagoapaamanapviu
azipney, Hnmennekmyanovl axnapammulx oucyie, Kociou cmanoapmmap, Kana xacinmep
Amnacuol.

HUHTEJUVIEKTYAJIBHASA CUCTEMA YIIPABJIEHUSA KOMIIETEHIUAMUA U
PE3YJIbTATAMU OBYUYEHUS: AJAIITALIUA OBPA30BATEJIBHBIX ITPOI'PAMM
K PBIHKY TPYJIA

Annomayun: B cmamve npedcmagiena UHMeNIeKMyalbHaAs UHDOPMAYUOHHAS CUCeMA
(UUC), pazpabomannas 0na agmomamuzayuu GopmMuposanus KOMHemeHyul u pe3yabmamos
00yueHUss Ha 0CHOBe npoeccuonHarbblx cmanoapmos. Omauvyumenvrol ocobennocmovio MHUC
AGNAEMCA UHMeSPayus NpopheccuoHaIbHbIX CManoapmos ¢ Amnacom HO8vIX npogeccuti, 4mo
no360Jsem adanmuposams 00paA308amenbHble NPOSPAMMbL K OUHAMUYHO UBMEHSIOUWUMCS
mpebo8anuamM pulHKa mpyoa u mexHonrocuueckum mpancgopmayusm. Onucanvl Kiiouesvie
@DYHKYUOHAbHBIE  BO3MONCHOCU  CUCEMbL, GKII0YAS aymeHmu@ukayuo noavzoeamernell,
2eHepayuio KOMnemeHyull u pe3yibmamos o0yueHus O/ NPpoeKmupo8aHus 0opazo6amenbHbix
npoepamm. Peanuzayusi cucmemvl 6KiOuaem unmepakmueuviii unmepgeiic Ha JavaScript c
HO00EePHCKOU ACUHXPOHHOU OMNPABKU 3aNPOCO8 HA cepeep € UCNONb3osanuem mexronoeul AJAX.
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Hna asmomamuueckoli 2ceHepayuu KOMREMEHYUL U pe3yabmamos 00yYeHUs NPUMEHAIOMCS
eenepamueuvie mooeau OpenAl. [lpeocmasnennas cucmema umeem WUPOKUL CHEKMP
NOMEHYUANbHBIX NPUMEHEHUU: Om HNPOeKmMupo8aHusi Y4eOHbIX NIAHO8, OCHOBAHHLIX HA
KOMNemeHyusx, 00 CO30aHUsL CUCEM KaPbePHO20 OPUESHMUPOBAHUSL, AHATU3A U NPOSHO3UPOBAHUS
U3MeHeHUll Ha pblHKe MpPyoa, a makice adanmayuu 00pa308ameibHbIX NPOSPAMM K mMpebos8anusm
BbICOKOMEXHONIO2UYHBIX ompaceli. Takum obpazom, paspabomannas mooeib cnocoocmeyem
yughposuzayuu 06pazo08anus, NOBLIUEHUIO €20 Kauecmea U 00ecneyeHur) Ccoomeemcmasusl
006pazosamenvublx CMaHOapmo8 CO8PEMEHHbIM 8b1308aM IKOHOMUKU 3HAHULL.

Knrouesvie cnosa: Ynpasnenue xomnemenyusmu, Pezynemamer obyuenus, Pazpabomxa
yuebuvix npozpamm, Humennekmyanvnaa ungpopmayuonnas cucmema, Ilpogeccuonanvuvie
cmanoapmol, Amaac Ho8vix npogheccuil.
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