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MODULAR ARCHITECTURE OF THE TRANSDISCIPLINARY VIRTUAL STEM-
CENTER

This article presents a detailed analysis of a sophisticated software system for a
transdisciplinary STEM (Science, Technology, Engineering, and Mathematics) center. The system
integrates modules to consolidate ontological and network knowledge bases, create methodological
developments, and generate user preference-based recommendations. A notable feature is its
capability to rank and filter information based on user-defined rules and present it in an ontological
transdisciplinary format. | transdisciplinary format. detailed analysis of a sophisticated software
system for a transdisciplinary STEM (Science, Technology, Engineering, and Mathematics) center is
presented. The system integrates a series of modules aimed at consolidating ontological and network
knowledge bases, creating methodological developments, and generating user preference-based
recommendations. A notable feature is its capability to rank and filter information based on user-
defined rules, and present it in ontological transdisciplinary format.

The system's architecture is characterized by two principal models: the Information Model
and the Functional-Component Model. The Information Model ensures interoperability between
popular content management systems like WordPress and the advanced KIT "Polyhedron™ system,
highlighting the system's applicability and versatility. The Functional-Component Model, on the
other hand, offers insights into the interactions and dependencies between various software modules,
delineating the system's comprehensive structure and operational dynamics.

A key aspect of the T-STEM center's architecture is its ability to process structured and
unstructured data, covering various formats from JSON, XML, OWL, and CSV to PDF, TXT, DOC,
and HTML. This flexibility makes the system adaptable to multiple data types and user needs.
Structuring of unstructured data is achieved through modules like the ""stemua.science Environment,"
"Recursive Reducer Module," and "Indexer," along with a user interface for structuring educational
materials, enhancing its educational functionality.m JSON, XML, OWL, CSV to PDF, TXT, DOC,
and HTML. This flexibility makes the system adaptable to various data types and user needs.
Structuring of unstructured data is achieved through modules like the "stemua.science Environment,"
"Recursive Reducer Module," and "Indexer,” along with a user interface for structuring educational
materials, enhancing its educational functionality.

The system also features specialized subsystems for processing ontologies, such as the "Audit
Subsystem,” "Alternative Subsystem," and "Analytical System," facilitating user interaction with
structured materials through components like "Taxonomic Representation,” "Object
Representation,” and the "Transdisciplinary Cube.” This innovative architecture positions the T-
STEM center at the forefront of educational technology, offering a robust and user-friendly platform
for transdisciplinary studies.

Keywords: transdisciplinary virtual STEM-center, ontology, modular architecture,
ontological structures, information representation, educational technology, data structuring, UML
diagrams, automated data processing.
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IlanosasioB B.b.

Hayionanvnuii yenmp «Mana axademisn nayk Ykpainuy, Kuis

MOJIYJbHA APXITEKTYPA TPAHCIMCHUTIJITHAPHOTO BIPTYAJILHOI'O STEM-
HEHTPY

YV oaniii cmammi npedcmaeneno demanvhull aHaniz CKIAOHOI NPocpamHoi cucmemu 0is
mpancoucyuniinaproeo yeumpy STEM  (npupoonuuux nayk, mexnonocii, inocenepii ma
mamemamuxu). Cucmema 00'eonye cepito MOOYIi8, CNPAMOBAHUX HA KOHCOMIOAYTIO OHMOLOSIYHUX
ma mepesicedux 6a3 3HaAHb, CMBOPEHHS MemMOOONI0IUHUX PO3POOOK Ma 2eHepayito peKomMeHOoayil,
3ACHOBAHUX HA YNOO0OAHHAX Kopucmyeauis. Ocobaugicmio cucmemu € 30amMHICIb PAHICY8aAMU Ma
Ginempyseamu iHghopmayiro Ha OCHOBI NPABUIL, BCMAHOBIEHUX KOPpUCMY8adeM, i npedcmasisimu ii' y
gopmami onmonoeaii.

Apximexmypa cucmemu xapakxmepusyemuscsa 080Ma OCHOGHUMU Modensamu: IHpopmayitinoro
Mooenno ma @yukyionanvho-Komnonenmuoio Modenmo. Ingopmayitina Modenv 3abe3neuye
83A€EMO0II0 3 NONYISAPHUMU CUCEMAMU YNPAGLiHHg KoHumenmom, maxumu sk \WordPress, ma
npocynymoito cucmemoro KIT "lloniedp”, niokpecarorwouu 3acmocosnicmv ma YHieepcalbHiCmb
cucmemu. Qynxyionanvrno-Komnonenmna Mooens, y 8ot uepey, Ha0ae yseienHs npo 83aemodii ma
3aN1eHCHOCMI PISHUX NPOSPAMHUX MOOYII8, OKPeCaIouy KOMNIAEKCHY CMPYKMypy ma OnepamuseHy
OUHAMIKY cucmemu.

Knmouoseum acnekmom apximexmypu yewmpy T-STEM € tioco 30amuicms 0bpobasmu sk
CMPYKMYpOB8aHi, max i HeCmpyKmypo8ai Oawi, oxonmooyu wupoxkui cnekmp gopmamis 6io JSON,
XML, OWL, CSV 0o PDF, TXT, DOC ma HTML. []a enyuxicms pobume cucmemy adanmusHow 00
Ppi3HUX munie Oaumux ma nomped Kopucmyeauyie. CmpyKmypy8aHHs HeCmpyKmypo8aHux OaHUx
docsieacmucest 3a 0onomoz2oro  mooyiis, makux sk "Cepedosuwye Stemua.science”, "Mooynb
Pexypcusnoco Pedykmopa" ma "IHOexcamop', a maxodc 3a 00noM02010 KOPUCMYBAYLKO2O
inmepghelcy On CMPYKMYPYSAHHA HABUANLHUX Mamepianie, nioGUWYIouU 1020 OC8IMHIO
@yHKyioHanbHicmb.

Cucmema makoxc 8KIOUAE Cneyianizoeawni niocucmemu 051 0OPOOKU OHMONO2IU, MAKi K
"ITiocucmema Ayoumy", "Iliocucmema Anomepnamug” ma "Ananimuuna Cucmema", nonrecuyrouu
83A€EMO0II0 KOPUCMYB8AUYI8 3i CMPYKMYPOBAHUMU Mamepiaiamu yepe3 KOMHOHEeHmu, Mmaki sK
"Taxconomiune Ilpeocmasnenna”, "O6'ckmue Ilpeocmaenenns" ma "Tpancoucyunninapnuii Kyo".
L5 innosayitina apximexmypa eunocums yeump T-STEM na nepedosy oceimmnvoi mexnonoeii,
NPONOHYIOYU HAOTUHY Ma 3PYYHY NAAM@POPMY 01 MPAHCOUCYUNTTHAPHUX OOCTIONHCEHD.

Knrouosi cnosa: mpancoucyuniinapruti eipmyanoruti STEM-yenmp, onmonoeis, mooyivha
apximexkmypa, OHMONO2IYHI CMPYKMYpU, NpeocmaesieHts IHpopmayii, o0ceimui mexHo102ii,
cmpykmypysanus oanux, oiacpamu UML, asmomamuzosana oopooxa oanux.

1. Introduction

The increasing integration of Information Technology (IT) in various fields, particularly in
STEM education, has opened new avenues for enhancing learning experiences and operational
efficiency. As the STEM education landscape evolves, IT systems, such as Intelligent Tutoring
Systems and high-tech tools, have shown significant potential in revolutionizing educational
methodologies. Furthermore, the development of decision-making systems underscores the critical
role of IT in managing and processing big data. These advancements highlight the necessity of a
sophisticated approach toward the consolidation of educational resources, emphasizing the need for
a well-structured and efficient system that leverages the power of big data and IT in transdisciplinary
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methods. and efficient system that leverages the power of big data and IT in transdisciplinary
systems.

Research in the field of STEM education has highlighted the potential of ICT in engaging
students and enhancing their learning experiences [1]. However, the use of technology in STEM
education is still essentially provisional, with both teachers and students mainly using it
reproductively as consumers of information. To address this, a balanced approach that combines
technology-based teacher-led and student-centered strategies has been proposed [3]. This is
particularly important in the context of declining interest in STEM subjects, as seen in Romania [4]..

A range of studies have explored the intersection of STEM education and IT systems. Kires
(2019) emphasizes the need for innovation in STEM education, particularly through the use of IT, to
meet the demands of the information society. Fletcher (2018) underscores the potential of Intelligent
Tutoring Systems (ITS) in providing individualized STEM instruction with a focus on national
defense. Lakshminarayanan (2015) discusses the various high-tech tools that can enhance STEM
education, including virtual reality, flipped classrooms, and cloud computing Durovic (2019)
proposes a model for an online evaluation system in STEM education, which aims to motivate
students and improve learning outcomes. These studies collectively highlight the potential of IT
systems in transforming and enhancing STEM education [8].

A range of studies have explored the development of decision-making systems based on the
ontology of the choice problem. Stryzhak (2021) emphasizes the need for a system that can process
unstructured information and integrate it systematically, proposing an ontology of the problem of
rational choice [9]. Startseva (2019) applies this concept to career choice, using an ontology to
automate decision support processes[10]. Lytvyn (2018) introduces the idea of adaptive ontologies,
which can weigh concepts and relations based on their importance in a given domain, and applies this
to the development of intelligent decision support systems[11]. Baclawski (2017) further extends
this work by developing a formal framework for decision making, which includes an ontology that
classifies data and reasoning modes, and addresses practical concerns such as time, activity recording,
and provenance[12].

The development of an oceanographic databank based on an ontological model is a key focus in
the literature. Stryzhak (2021) proposes a databank that uses an ontological representation of
information arrays and an ontology-defined interface[13]. Almendros-Jiménez (2013) extends this
work by presenting a framework for ocean satellite image classification based on ontologies, which
allows for the sharing of data between applications [14]. This approach is further supported by
Milward (2005), who presents an ontology-based interactive information extraction system for
scientific abstracts [15]. The use of ontologies in representing information is also explored by Globa
(2020), who develops an ontological model for scientific institutions [16]. These studies collectively
highlight the potential of ontological models in enhancing the representation and accessibility of
scientific information.

A range of studies have explored the use of architecture ontologies in education. Gascuefia
(2016) proposed an authoring tool that uses domain, sequencing, and content-repository ontologies
to personalize educational materials [17]. Laoufi (2011) implemented an ontology-based architecture
for knowledge management in higher education, creating a repository of resources for learning and
research [18]. Stancin (2020) conducted a literature review, highlighting the increasing use of
ontologies in education, particularly for curriculum modeling, learning domain description, and e-
learning services [19]. Motz (2005) applied ontologies to an e-learning project, using them to retrieve
and manage educational resources based on user cultural aspects [20]. These studies collectively
demonstrate the potential of architecture ontologies in enhancing the personalization, organization,
and retrieval of educational materials.

However, all those studies not disrobe and justify the complex system of consolidation of
educational resources. However, previously, the studies were devoted to consolidation of big data
including related to education [21-23]. This ensures communication between stakeholders of
educational process and ensures personalization of education though ensuring fullness of contexts of
terms in transdisciplinary systems [22].
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Therefore, this study aims substantiating of architecture of virtual transdisciplinary STEM-center
based on modern understanding of consolidation principles.

2. Architectural design and functional dynamics of the transdisciplinary Stem-center
software system

The software system of the transdisciplinary STEM center is a set of modules designed for the
consolidation of ontological and network knowledge bases, creation of methodological
developments, and generation of recommendations based on user preferences. The system performs
ranking and filtering of information according to user-defined rules, presenting it in the form of an
ontological structure [24, 25], and subsequently, in a transdisciplinary representation.

The services of the transdisciplinary STEM center implement structuring, classification, and
semantic analysis of information resources, which reflect a multitude of subject areas studied by the
learner.

From the perspective of software engineering, the STEM center is considered as a set of
descriptions represented in the form of mathematical models, formalisms, and modeling
techniques[26, 27].

The structure of mathematical models of such software entities includes the following models
[26, 27]:

1. Information model;
2. Functional-component model.

3. Information model of the software system of the transdisciplinary STEM-center

The generalized information model of the system ensures interoperability between the widely
used WordPress content management system, which currently accounts for 40% of all internet
resources and 64% among content management systems, and the innovative information
representation in the KIT "Polyhedron™ system.

Considering the proposed solutions (which can be represented by a finite set of software modules
PR) are integrated into the KIT "Polyhedron" system, we apply the generalized information model
used (1):

n
Mp = Z [, U Iy )

i=1
Thus, the interpretation of the integration of the functions of all the software modules of the
system is realized. To achieve the overall goal of creating a transdisciplinary laboratory of the STEM
center, the union of the sets of functions of each of the software modules into a single functional
system was ensured. The IT platform KIT "Polyhedron," based on the IT technology TODOS, in turn,
is a multifunctional system with a set of functions described previously.

Information model for templating information resources of the T-Stem center

The information model is used to represent and describe information flows, data structures, and
software services in the T-STEM environment.
The generalized information model of T-STEM Sy takes the form (2). It is represented by a

certain finite set of software services SRi that are consolidated in the T-STEM environment based
on the set of services of the KIT "Polyhedron™ (2):
n

Sg = Z S, )

In general, the assembly of modules in the virtual STEM center is represented by equation (3).

Sg = {SCI' Spi Sser Sues STT} (3)
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Sci— a service responsible for creating information used by the virtual STEM center. The set of

functions of this module is represented by equation (4).
Ser = {Flsa, FZSCI’ F3SCI, F4SCI, FSSCI’ F6SCI’F7SCI} (4)

Its functions include:

FISC’— storing information received from system users in the information storage.

E ' filtering information received from users.

Fy¢'— structuring information received from the user.

ch’— generating input fields according to the defined template rules.

FSSC’— generating content categories.

FGSC’— preserving information formatting.

E>¢! — using formulas in content creation.

Sp;— a service responsible for the correct display of information. This service performs the
following functions as shown in equation (5).

Spr = (R, B2 BT} 5)
FISD’— forming a request to the information resource.
FZSD’— forming a visual display using the obtained data.
F3SD’— ensuring interactive viewing of information.

Ssc— a service responsible for the security and stable operation of the virtual STEM center. The

set of functions of this module is as follows (6).
See =1 Flssc, FZSSC, F3SSC} (6)

Its functions include:

E’s¢ — blocking unauthorized access to the virtual STEM center.

Es¢ — protection against network attacks.

F3SSC — filtering dangerous inclusions in the information storage and distortion of information
system files.

Surc— a service responsible for the model of information representation of criteria in the ranking
task. The set of functions of this module is as follows (7).

Syc = {Ffuc’ Fguc' F?S,UC’ FiUC} (7)
Its functions include:
FlS”C— creating and editing users of the virtual STEM center.
FUc— creating roles for users.
F>U¢ — granting permissions to users according to their roles.
F2uc— storing information about users.

Str— a service responsible for data exchange with components of the KIT "Polyhedron”
information technology (8).

Spp = {FfTT, F;TT’ FgTT’ FzTT} (8)
Ff”— generating informational objects and their properties for further processing.
F;™"— converting the obtained informational objects into a structured format.
ng"— using structured data to generate ontological hierarchized graphs.
Ff”— receiving processed information by the KIT "Polyhedron” system.

4, Information model of the subset of interaction modules of information resources
with kit ""polyhedron™ used in data systematization in the virtual STEM-center

Most modules of KIT "Polyhedron” are utilized in the virtual STEM center. Within the
composition of KIT "Polyhedron,” there is a multifunctional editor capable of saving information in
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various formats, as well as an expandable set of converters for transforming taxonomies into data
formats not supported by the editor. Additionally, KIT "Polyhedron™ is equipped with an expandable
software subsystem for displaying ontologies, on the basis of which modules for transdisciplinary
representation and the formation of laboratories in the virtual STEM center can be created.

The following modules can be considered integrated into KIT "Polyhedron™:

A service for displaying information in the form of an ontograph;

Utilization of alternatives for filtering semantic characteristics;

A service for processing information using a ranking algorithm.

In general, the subset 7% of KIT "Polyhedron” modules used in the process of forming the STEM
center can be represented by the structure (9).

N§ = {Irg, Mg, My, Mex, Mpr, Mrgn Mg } 9)

Some KIT "Polyhedron™” modules are created to perform only one specific function, particularly:

Iy — a service designed for displaying ontology in the form of an ontological catalog of
methodologies;

I-5— a service representing a list of ontology objects in table form;

I-x— a service for displaying ontology in the form of an ontograph;

Icx — a service for displaying ontology in the form of modified ranking.

Scx =< SEX, SEX, SLX SLX SEX > (10)

Functions of the module:

SEX_ storing ontologies open for public access;

S$X— storing personal ontologies of the user;

s$¥ —access control to ontologies;

S¢X— providing a software interface for reading and writing ontologies;

SEX— storing metadata of ontologies.

Ipr— a service for generating ontology from unstructured data arrays obtained from the network.
Functions of the module:

Sex =< 81", 85,85, 85", 88", 56" > (11)

SPT — reading and writing ontologies in XML format;

sPT—=— adding and removing objects;

sPT—adding and removing links between objects;

SPT— editing attributes of objects;

S£T— automatic placement of objects in the workspace;

sET—filtering the set of displayed objects.

Iy — a service implementing transdisciplinarity of unstructured data from various information
and telecommunication systems in an ontological environment:

Sex =< S, M, 5] A SIAT > (12)

Functions of the module:

5™ reading data from educational information and telecommunication systems;

s, forming transdisciplinary links between vertices of structured data, obtained data from
various ITS;

S;”‘“— using modules of KIT "Polyhedron™ to provide information management functions
regarding STEM center resources.

Ik — a block of auxiliary converters, containing a software interface for creating subprogram-
converters, as well as a basic set of such subprograms. The set of functions of this module is as follows
(13), where s~ providing a software interface for subprogram-converters; S,f‘i*;i— a subprogram-

converter from format Xj to format y;; ny— the total number of available subprogram-converters.
K K |.

XiYi
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Available are main converters for data transformation, particularly from CSV to XML format,
from JSON to XML, from XML to CSV, and from HTML to text file. Additionally, there are
specialized converters that ensure integration with important programs, including a converter from
HTML created by Microsoft Office to text format, as well as a converter from XML to CSV format
that can be read in MySQL.

5. Functional component model of the software system for transdisciplinary
information representation

The functional-component model is employed to represent interactions, relationships, and
dependencies of software modules, as well as for a detailed description of the system components.
The generalized model for the software complex of transdisciplinary representation in the STEM
center can be represented by the structure (3.14).

SR =< MD;MS; MP;Mc: PO(MD'MS) > (14)

Elements included in this model:

Mp— the model defining the system behavior;

Ms— the model defining the structure of the system;

M,, — the model defining the structure of software entities;

M, — the model (scheme) of components of the software system;

Py (Mp, My)- — the predicate of the system's integrity.

The model of the system behavior has the structure (3.15).
Mp =< dyse, dact) dseq > (15)

It includes:

dyse— @ set of UML use case diagrams of the system for transdisciplinary information
representation.

dgee — a set of UML activity diagrams of the system for transdisciplinary information
representation.

dseq— a set of UML interaction diagrams of the system for transdisciplinary information
representation.

6. Comprehensive Architecture of the T-STEM Center: Integration of KIT
Polyhedron Modules and Advanced Structuring Components

The architecture of the T-STEM center consists of existing modules of KIT "Polyhedron”,
integration components that represent a REST application programming interface, user
communication interfaces, and specially developed structuring modules. The system is capable of
processing both structured (such as in JSON, XML, OWL, CSV formats) and unstructured data sets
(such as in PDF, TXT, DOC, HTML formats). Pre-structured data sets can be used directly for
processing in the taxonomy editor and viewed in the "Taxonomy Viewer" component of the "Editing
and Display Interface for Structured Information” module. The structured information processed in
this module is transferred to the "KIT Polyhedron Controller” component of the "KIT Polyhedron
Central Server" module and stored in the "Ontology Library" component. Unstructured data sets are
subject to structuring before being saved in the components of the "KIT Polyhedron Central Server"
module. Structuring can be carried out in the "stemua.science Environment"”, "Recursive Reducer
Module”, and "Indexer" modules (regarding the indexing of materials relative to structured
taxonomies). For the purpose of structuring, the user interface "stemua.science Material Editor" can
be used, where users fill in the form for structuring educational materials. These materials are stored
in the "stemua.science Database” component and, using the "REST API Exchange Subsystem"
components, are transmitted to the "Ontology Library” component of the "KIT Polyhedron Central
Server" module. Unstructured natural language text can be automatically processed in the "Recursive
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Reducer” module, which, through the "Reduction Rule Database™ component, ensures structuring and
subsequent storage in the "Ontology Library” component of the "KIT Polyhedron Central Server"
module. The indexer provides interconnections between existing structured ontological materials and
other unstructured ones, particularly in the form of a search prism. For this, data indexed in the
"Indexer" component can be transmitted to the "Structuring Subsystem Controller" component of the
"Recursive Reducer" module using the "REST API Exchange Subsystem” module or directly from
the "Indexer" component applied to structured data stored in the "Ontology Library™ component of
the "KIT Polyhedron Central Server" module.

All structured materials of the T-STEM center are visualized and processed in the "Auxiliary
Center" and "KIT Polyhedron Representation Interfaces” modules. Thus, T-STEM ontologies are
processed in the "Audit Subsystem”, "Alternative Subsystem™, and "Analytical System" components.
T-STEM center users can interact with structured materials using the "Taxonomic Representation”,
"Object Representation”, and "Transdisciplinary Cube" components. The architecture of the T-STEM
center is presented in Fig. 1.

JonomixHui cepeep InTepdheiicu npeacTasnenHa Aarux KIT MONIENEP
f—} - ! i ! ' f—
=l =] =] = | =] =]
Mincucrema Miacucrema AHaniITUUHA TakcoHoMiuHe OB6'ekTHe TpaxcavurnniHapHui
Ayaut AnsTepHaTiBa cucTema NpeAcTaBneHHs npeacTaeneHHs Ky6
LleHTpanbHuii cepeep KIT Monienep
Kourpoqep Ginioteka Nincuctema o6MiHy
KIT Monienep oHTOMOri#A (REST API)
Cepengsuule stemua.science
Moaynb pekypcHBHOro peayKTopa

= [
= =] = =] = -

i Basa panmx Penairop KouTpone i

el slemuaic\ence marepiania b witemi Petkypeuatiuii | Basanpacun
obMiHy (REST API) : stemua.science A penykTop peaykuit
CTPYKTypUaauil .
Inaekcatop
InTepcheiicn penarysaHts Ta BingbpaxeHHs
TRy KTypoBaHoi indopmaui
= : i. i‘
= =
Nigcucrema InpexcaTop
Mepemagay Pepaxtop oty (REST API)
TaKGOHOMIA TaKCOHOMIN

5 5

CTpykTypoBaHi aaHi JSON, HecTpyKkTypoBaHi 30BHiWHI
XML, OWL, CSV 1a iHwi kepena PDF, DOC, TXT, HTML.
Ta iHWi

Fig.1. The architecture of the T-STEM center

7. Conclusions

The culmination of this study on the modular architecture of a transdisciplinary virtual STEM-
center reveals a multifaceted system designed to interface seamlessly with existing content
management frameworks, particularly WordPress, and the KIT "Polyhedron.” The system
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distinguishes itself through its ability to rank, filter, and present information in a transdisciplinary
context, driven by user-defined specifications. It adeptly processes a spectrum of data formats, both
structured and unstructured, demonstrating a high degree of adaptability and user-centric
customization. Through its innovative integration of modules for data structuring, ontology
processing, and user interaction—facilitated by components like the "Taxonomic Representation™
and "Transdisciplinary Cube"—the system provides a dynamic platform for educational
enhancement. The study underscores the potential of such a system in revolutionizing educational
methodologies and contributing to a more engaged learning environment. This is achieved by
fostering a transdisciplinary approach that transcends traditional educational boundaries, thus
offering a blueprint for future educational technology frameworks that cater to the evolving landscape
of STEM education.
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