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Modelling electromagnetic waves in Matlab as a tool for developing students'
technical thinking

Odnovol, D.", Dyadenchuk, A.

Dmytro Motornyi Tavria State Agrotechnological University, Melitopol, Ukraine
Received: 26.05.2025 Accepted: 24.06.2025

Abstract. This article addresses the challenges of developing the technical thinking of higher education students
through computational modelling of electromagnetic waves in the Matlab environment. Modern engineering requires
specialists not only deep theoretical knowledge but also the ability to apply itin practice, particularly in electrodynamics,
where abstract concepts benefit from visualization. The study analyses the role of computer modelling in the study of
electrodynamics and its impact on the understanding of physical concepts. Two examples of modelling are presented:
electromagnetic wave interference and propagation through different materials. For each example, a mathematical
model, a description of the Matlab code, visualization of the results, and possible directions for extending the models
for students' independent work are provided. The study proposes methods for numerical analysis, visualizing fields,
and estimating the reflection and transmission coefficients of electromagnetic waves through various materials. The
study demonstrates that modelling electromagnetic waves in Matlab contributes to a deeper understanding of the
principles of their propagation, interaction, and superposition. Students can observe constructive and destructive
interference, analyze electric and magnetic field behavior, and create dynamic animations. Modelling wave propagation
through different materials allows for the analysis of wave interaction with multilayer structures, which is useful for
understanding wave behavior and developing devices like filters or anti-reflective coatings. The obtained results confirm
the effectiveness of using Matlab in the educational process, enhancing student motivation and developing practical
skills. Prospects for further research include the integration of Matlab with machine learning libraries to predict wave
process characteristics. This article is valuable for physics and engineering educators, as well as students interested
in computational modelling of physical phenomena.

Key words: technical thinking, Matlab, electromagnetic waves, numerical modelling, electrodynamics, visualization of
physical phenomena.

MopentoBaHHsa enektpomarHiTHMX xBunb y Matlab ik iHCTpymMeHT po3BUTKY
TEXHIYHOrO MUCIEHHA CTYAEHTIB

Opxoson . I'., AageHuyk A. ®.

TaBpilcbkuin fepaBHU arpoTEXHOMOTYHMIA YHIBepeuTeT iMeHi imuTpa MoTopHoro, Menitonons, Ykpaina

AHoTauif. Y cTaTTi posrnsHyTO akTyanbHi Npobnemu po3BUTKY TEXHIYHOrO MUCNEHHS 300byBaviB BULLOI OCBITU
LUMSIXOM BUKOPWUCTaHHS YMCENbHOTO MOZEMIOBAHHS €MeKTPOMArHiTHUX XBWnb y cepegosuwi Matlab. CyvacHa
iHXeHepist BUMarae Bif haxiBLiB He nuLue rnmbokuX TEOPETUYHUX 3HaHb, ane i YMiHHS 3aCTOCOBYBATH iX HA MpaKTuLi,
0cobnMBO B ranysi enekTpognHamiki, fe abeTpakTHi MOHATTS noTpebyloTh HAOYHOI Bidyanidauii. B gocnigpkeHHi
nNpoaHarni3oBaHo porlb KOMMKOTEPHOTO MOLENIOBAHHA Y BUBYEHHI €NEKTPOAMHAMIKW Ta NokasaHo Woro BMNMB Ha
3aCBOEHHS (Di3NyHNX KOHLienLUii. HaBeaeHo ABa Npuknagmn MOAENoBaHHS: iHTepdepeHLii enekTpoMarHiTH1X XBunb Ta
iXHBOTO MOLUMPEHHS Yepe3 pisHi MaTepianu. [ns KOXHOrO NpuKnagy HaBOAMTLCA MaTeMaTWyHa MOLENb, OnuC
nporpamuoro kogy Matlab, Bidyanisauis pesynbraTi, MOXNIMBI HAaNPAMKM PO3LUMPEHHS MOAENEN ANs BUKOHAHHS
camocTiiHOT poboTU CTyAeHTaMu. 3anponoHOBaHO anropuTMm peaniaaji YncensHoro aHanisy, Bidyarnisauii nonis Ta
OLHKM KOeQiLieHTIB BiBUTTS i NPONyCKaHHS eNeKTPOMArHiTHUX XBUMb Kpidb pisHi MaTepiany. JlocnimkeHHs nokasye,
O MOAENOBAHHSI eNeKTPOMAarHiTHUX xBunb y Matlab cnpusie rmubiomy po3yMiHHKO MPUHUMNIB iX NOLIMPEHHS,
B3aemopii Ta cynepnoauuii. CTyaeHTU MOXYTb CNOCTEpIraTih 30HW KOHCTPYKTUBHOI Ta AECTPYKTUBHOI iHTEpdepeHLi,
aHaniayBaTyt NOBeAiHKY eNeKTPUYHOro Ta MarHiTHOro Nonie, a Takox OyayBaTh AWHamivHi aHiMauii. MogentoBaHHs

Corresponding Author: Odnovol Dmytro Hennadiiovych. E-mail: dmytro.odnovol@tsatu.edu.ua
Dmytro Motornyi Tavria State Agrotechnological University,
vul. Universytetska, 66, Zaporizhzhia, Zaporizhzhia Region, Ukraine, 69063.
BidnogidansHuti aemop: OpHoson AMuTpo MeHHagiioBny. E-mail: dmytro.odnovol@tsatu.edu.ua
TaBpifCbku AEPKaBHUI arpOTEXHOMOMYHNIA YHIBEpCUTET iMeHi AMuTpa MoTopHOro,
Byn. YHiBepcuteTchka, 66, M. 3anopixoks, 3anopisbka 06n., Ykpaia, 69063.
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MOLLUMPEHHA eNEKTPOMArHiTHUX XBWUMb Yepes pisHi maTepianu JO3BONSAE aHanisysaTW, SK XBWMi B3aEMOZiOTb 3
faraToLapoByMK CTPYKTypamu, WO € KOPUCHAM A1 PO3YMiHHSI MOBERiHKA XBUNb Y Pi3HWX MaTepianax Ta Ans
po3pobku NpUCTPOiB, Takux K inbTpu abo aHTMBIAOMBHI NokpuTTA. OTpUMaHi pesynbTaTW MiLTBEPAXYHTb
eheKTUBHICTb BUKOpUCTaHHs Matlab B OCBITHEOMY MpOLIECI, WO CMpUSE MiABWLLEHHIO MOTUBALT 3000yBauiB BULLOI
OCBITW, PO3BUTKY IiXHIX aHaniTU4HUX HaABMYOK Ta (DOPMYBAHHKO MPaKTWYHUX KOMMETEHTHOCTeW. [lepcnekTuam
noaanbLKX JOCTIMKeHb BKITIOYAOTb iHTerpauito Matlab 3 6ibniotekamm MalwMHHOTO HaBYaHHS ANsl NPOrHO3YBaHHS
XapaKTePUCTUK XBUNbOBUX npoLeciB. CTaTTs Moxe ByTi KopucHa BUKnagadam (isnkv Ta iHXEeHEPHUX AUCLMNAIH, a
TaKOX CTyeHTaM, SiKi LiKaBnATLCS KOMM'IOTEPHUM MOAEMIOBAHHAM (DI3NYHUX SBULL,.

KntouoBi cnoBa: TexHiuHe MucneHHs, Matlab, enekTpomarHiTHi XBUni, YucenbHe MOAENOBaHHS, ENEKTPOAMHaMIKa,
Bi3yanisaLis (isniHNX SBILL.

I Bcmyn

PO3BMTOK TEXHIYHOrO MWUCMEHHS € OAHWM i3 KNKOYOBMX 3aBOaHb NiAroTOBKM 3400yBaviB BULLOI OCBITH
TEXHIYHMX creyianbHocTein. CyyacHa Hayka Ta iHXEHepis BUMaratoTb He NWLWE BOMOAIHHA TEOPETUYHUMM
3HaHHAMM, a W yMiHHS 3acTocoByBaTh iX Ha npaktuui [1]. OcobnuBo akTyanbHO LE B KOHTEKCTI
€NEKTPOANHAMIKM, A€ BUBYEHHS TaKWUX MOHATb SK €NEKTPUYHI Ta MarHiTHi Nons, iXHi B3aEMO3B'sI3KM Ta BNMB Ha
MaTepianbHi 06'eKTH, CKNagHO CnpUiMatoTbest 6€3 HAOUHMX AEMOHCTPALiN.

EnektpoguHamika TakoX Mae MpaKTUYHE 3HAYEHHS B iHXEHepii, 30Kpema B Po3pobLi CyyvacHux
€NEKTPOHHMX MPUCTPOIB, CUCTEM nepedavi faHwx i 3acobiB 3B'A3KY. YAOCKOHANEHHs METOAB aHanidy
€NEKTPOMArHITHUX SBULL CNIPUSIE CTBOPEHHIO Binbll eCheKTUBHUX i EKONOTIYHUX TEXHOIONIN, O BiANOBIAAKTb
3anuTam Cy4acHoro CycninbCTBa.

OnHUM i3 eheKTUBHUX METOAIB PO3BUTKY TEXHIYHOTO MWCIEHHS € KOMMIOTEPHE MOAEMNHOBAHHS, L0
[03BONISE BisyanidyBati (pisuyHi SBWLLA, LOCMIAXYBaTK iXHIO NOBEAiHKY B Pi3HUX YMOBax Ta aHarnisysatu
pe3ynbTatn. OCTaHHIM YacoM ANs BUPILLEHHS Pi3HOMAHITHUX 3aBAaHb aKTUBHO BUKOPWUCTOBYIOTLCS NPOrpamm
KoMM'toTepHOI MaTemaTuku, Taki sk Excel, Mathcad, Scilab, Maple, LabVIEW, AutoCad [2-6] Towo. PaHile Hamu
BUCBITIII0BANOCS BUKOPUCTAHHS AESKUX i3 3a3HaYEHMX Mporpam Yy npoLeci HaB4aHHSA (i3nku 1 MaTeMaTikn y
3aknagax Buwoi ocsitM [7-9]. BukopucTaHHs Takux MaTeMaTUYHWX MNaKeTiB [ae 3MOry po3B’A3yBaTut
PI3HOMaHITHI NpUKNagHi 3agavi, BapitoBaT NapameTpu B LUMPOKMX Mexax Ta Kpalle posyMiTW [OCHimxyBaHi
SBMLLA 11 npoLiecy.

OgHUM i3 MONyNApHUX IHCTPYMEHTIB ANS  YMCENbHOrO aHanidy, 30Kkpema [Ans  MOJentoBaHHs
eNEKTPOMArHITHUX XBUIb, € CreLlianiaoBaHe nporpamHe 3abesneyeHHs Matlab. Lieit Habip iHCTpymeHTiB 3000yB
BM3HaHHS y GaraTbox kpaiHax, CTaBLK CTaHAAPTHUM 3aco60M Ans 0hOPMEHHS iHXEHEPHOI AOKYMEHTaLji Ta
NigrotoBkn Haykosux Mmatepianis [10]. ¥ cBi HaBYanbHWA NPOLEC AaHy CUCTeMy BMPOBagWIM Taki 3aknaau
OCBITU Sk chakynbTeT piankm Ta acTpoHoMmii CieHcbkoro konemxy, reonoriyHuin pakynbtet William & Mary,
iy hakynbTeT YHiBepcutety CB. Tomaca. 3aBasku rHyYKOCTi LbOro cepefoBuila, 3nobysadi 0CBiTH
MOXYTb peani3oByBaTV CKfagHi MaTeMaTuyHi Mogeni, BUKOPUCTOBYHOYM METOS KIHLEBMX Pi3HULb Y 4acoBin
obnacri (FDTD) Ta iHwi uncensHi metoam [11]. Matlab go3Bonse He nuLwe BUKOHYBATM aHANITUYHI PO3paXxyHKM,
a 1 Bi3yaniayBaTu enekTpoMarHiTHi Nons, MOAentoBaTh NOWMPEHHS XBUIb Ta aHanidyBaTh B3aeMOAI0 NoniB i3
MaTepianbHUMK 06'ekTamu.

3aranbHa MEeTOAMKa 3aCTOCYBaHHs KOMM'tOTEpiB B OCBITHLOMY Npoueci ¢ii3nki BUKnageHa B poboTax
BiTUM3HAHMX  BYeHux 1. C. ATamaHuyka, B. ®. 3abonotHoro, O. I. IBanmubkoro, 0. A. lMaciyHuka,
H. B. CtyunHcbkoi. 3actocyBaHHs Matlab Ha 3aHATTAX dhisuku posrnsgaetbes B pobotax bobpuubkoi . C. [17],
laesa €. O. [18], Moseaun P. A. [19] Ta iHwmx. CeiToBi NpakTuku [12-16] AEMOHCTPYIOTb, WO BNPOBaXXEHHS
Matlab y HaB4YaHHA Crpusie PO3BUTKY MMUCIIEHHS, KOHLEMUIN i HAaBMYOK, @ TaKOX € [DKepenoMm MoTusaLii
3n06yBaviB OCBITU 4O BUBYEHHS (DI3MKO-MATEMATUYHUX ANCUMNAIH. HasiBHI AOCTIZXEHHS NigTBEpPAXYOTb, LU0
poboTa 3 NporpamMHUMK NakeTamu 1S MOAEMNOBAHHSA MO3UTUBHO BMWBAE Ha 34aTHICTb 3006yBayiB OCBITH
PO3B'A3yBATW CKNafHi TEXHIYHI 3adadi Ta Po3yMiTW idnyHy CYTHICTL ABWL,. OAHaK NUTAHHS BUKOPUCTAHHS
Matlab nig 4yac BMBYEHHS (Di3VKM 3aNULLAETLCS BIOKPUTUM, aXe PO3BUTOK KOMIMIOTEPHUX TEXHOMOrN Ta ix
3aCTOCYBaHHS B OCBITHbOMY Mpoueci BiAbyBaeTbCA [OMHAMIYHO, WO BUMarae MOCTIMHOMO OHOBJIEHHS
METOAUYHMX NiAXOAIB, YAOCKOHANEHHS HaBYarbHUX MaTepianis Ta aganTadji 40 Cy4acHWUX OCBITHIX CTaHOAPTIB.

MeTot JocnimKkeHHs € po3pobka METOAMYHOrO Niaxody A0 3acTOCyBaHHS nporpamHoro nakety Matlab
nig Yac MOAENoBaHHS eNEKTPOMArHiTHUX XBUMb y 3aranbHOMY Kypci (i3vKK1, @ TakoX aHania 1oro BnnivBy Ha
3aCBOEHHS HAaBYaNbHOrO MaTepiany Ta pO3BUTOK TEXHIYHOTO MIUCHEHHS 3000yBaqiB BULLOI OCBITK.
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[ns gocarHeHHs noctaeneHoi Mety Byno po3s’a3aHo HaCTYMHI 3aBAaHHS:

— C(hOpMynbOBAHO anropuTM PO3B'A3yBaHHA DiBMYHMX 3aday Ha npuknagi ABox wmogenen: 1)
Bi3yanisauis iHTepdepeHLii enekTPUYHNX | MarHiTHUX XBUMb; 2) AOCIIMKEHHS MOLUMPEHHS eNeKTPOMarHiTH1X
XBWITb B Pi3HUX cepefoBuLLaX;

— pocnigxeHo BnMB BuKopucTaHHs Matlab Ha edeKTUBHICTL 3aCBOEHHS (DI3WYHMX KOHLENUin Ta
PO3BUTOK TEXHIYHOTO MUCMEHHS 3000yBaYiB OCBITM Yepes anropuTMIYHi Ta YUCenbHI METOAN MOLEOBAHHS.

Y cTaTTi po3rnsHyTO Nepesary BUKOPUCTaHHS MOLENIOBAHHS, HAaBEAEHI NPUKaamn NpakTMYHUX 3agad Ta
0BroBoOplOETLCA BNNMB Bidyanisalii Ha PO3YMIHHSA KMKOYOBMX KOHLENUN i PO3BMTOK KpeaTUBHWUX NiAXo4iB 40
BUPILUEHHS! iHXXEHEPHNX Npobrem.

Il Mamepian i memodu docnidxeHHs

Y ncuxonorii Hapasi BiACYTHE YiTKE BU3HAYEHHSI TEXHIYHOTO MMCIIEHHS, MOrO iHOAI NMPUPIBHIOTL 4O
NPaKTUYHOTO YK 0BPa3HOr0 MUCHEHHS. TakoX BBAXaETbCA, LU0 TEXHIYHE MUCTIEHHS € YACTUHOK NPaKTUYHOrO,
OCKINbKM OCTaHHE (hOPMYETLCA B Npoueci npakTuyHoi gianbHocTi [20]. BoHO noeaHye noriyHe, npocTopose,
anropuTMIiyHe Ta CUCTEMHE MUCTIEHHS, LLO € KPUTUYHO BAXIMBUM AN ManbyTHIX iHXeHepiB.

TexHiYHe MMCIEHHS PO3BMBAETLCA B MPOLECI aHanisy CKnagHuX 3afad, NPOeKTYBaHHA MOAenew,
po3paxyHKiB i nepesipkn pesynbratie. Matlab, sk yHiBepcanbHe cepefoBuLLe ANS MOLESNOBAHHS, 4O3BOSISE
CTBOPIOBATY BidyasbHi MOAENi eNeKTPOMArHiTHUX XBUb, L0 3HAYHO MOSENLLYE PO3YMIHHS (DI3UYHNX SBULL.

Mig yac pobotu 3 Matlab cTyaeHTM 3aCBOIOKOTH TaKi BaXMMBI aCMEKTY TEXHIMHOMO MUCTEHHS, SIK aHani3 |
CWHTE3, MPOCTOPOBE YSBMEHHS, MOLYK ONTUManbHUX pieHb, Towo. OCBITHI npouec, nobygoBaHUM Ha
3acTocyBaHHi Matlab, cTmystoe po3BUTOK He JIULLIE TEXHIYHOTO, ane N aHaniTUYHOTO Ta KpeaTUBHOTO MUCHEHHS,
OCKiflbKM  BUMarae HecTaHZapTHUX MNigXxodiB A0 PO3B’A3aHHA 3adav, a caM Npouec MOAEentoBaHHs
eneKkTpomarHiTHuX xeunb y Matlab Bkntovae gekinbka Baxnueux etanis (puc. 1).

‘ BMbIp NapameTpiB cepeaosmLLa

————>|  (@ieneKkTpuyHa NPOHNKHICTb, MarHiTHa
NPOHMUKHICTb, NPOBIAHICTb)

(hOPMYITOBaAHHSA MaTeMaTUYHOI MoZeni
Ha OCHOBI piBHAHb MakcBesnna

|

eanisayist Y1CenbHMX MeTOAiB, 30KpemMa : L .
P FDTLII') [NS PO3PAXYHKY }J,I/IHaMiKa B|3yan|3aLgﬂD mpggame peynbTariBy
€NeKTPOMArHiTHOro noss Ta 3D rpadpikax

Puc. 1. ETanu npouecy MogentoBaHHs enekTpoMarHiTHuX xeunb y Matlab

3acrocyBaHHa Matlab sik 3acoby Ans MOAENOBaHHS eNEKTPOMArHiTHUX XBWMb MO3UTUBHO BNMMBAE Ha
PO3BUTOK TEXHIYHOrO MMCIIEHHS CTYAEHTIB, CMpUSIOYM iHTErpauil TEeOPEeTUYHUX 3HaHb i3 MPaKTUYHUMM
HaBWYKaMu. [Jo OCHOBHUX eheKTIB SIKi MOXXHa CrocTepiraTv npu npoBakeHHi cuctemu Matlab B ocBiTHin npovec
MOXHa BiZHECTH:

— (POPMYBaHHS CUCTEMHOTO NiAX0AY A0 aHanidy Mi3nyHUX SBULL;

— MiaBULLEHHSI MOTVBALi 3000yBaYiB OCBITM 3aBASAKW NPAKTWUYHIN CNPSIMOBAHOCTI 3aBAaHb;

— HabyTTS NPaKTUYHWX HABUYOK BUKOPUCTaHHS MaTeMaTtuyHoro nakety Matlab B noganbiuin npodeciiHii
LiANbHOCTI;

— PO3BUTOK TEXHIYHOrO MUCIIEHHS Mif Yac NPOBELEHHS KOMMIOTEPHUX (Di3UYHNX eKCNepUMEHTIB.
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PosrnsHemo anroputm 3actocyBaHHs cuctemu Matlab ong mogentoBaHHs eNeKTpoOMarHiTHUX XBUIb Ha
npuknagi ABoX Mogene.

Il Pesynomamu

Mpuknag 1. [lemoHcTpauis iHTepdepeHLil enekTpoMarHiTHUX XBUIb

Bisyanisayis iHTepdepeHLii enekTpuyHmx i MarHiTHuX xsunb y Matlab moxe 6yt peanisoBaHa Yepe3s
nobynosy rpadikie, SKi NOKa3ytoTb pesynbTaTi Cynepno3uii XBiunb y NpocTopi Ta Yaci. [ns enekTpomMarHiTH1X
XBUINb MOXHA BidyanidyBaTi B3aEMOMNOB'A3aHi ocumunaLii enektpuyHoro nons E i marHiTHoro nons B.

Ocb OCHOBHIi KpokM Aans nobyaoBuM MatemMaTWuyHOI  MoAeni  AemoHcTpauii  iHTepdepeHLii
eNeKTPOMArHITHUX XBUSb:

1. PiBHAHHA eneKkTpoMarHiTHoI XBuni.

EnekTpomarHiTHa XBuUns y BiflbHOMY MPOCTOPI ONUCYETLCS PIBHAHHAMM [4]:

E(zt) = Eyco S(EZ - wt) x, (1)
B(z,t) = B,yco S(EZ — a)t) v,

ae E, — amnnityaa enekTpuyHoro nons; B, — amMmnnityaa MarHitTHoro nosns,

By = Ey/c;

Cc-— LIJBI/IﬂKiCTb CBiTJ'la; Z — KoopAduHata B I'IpOCTOpi; t —vac; k — xBunboBe qucno,
k =2r/2;

w — KYTOBa YacToTa,
w = 2nf.

2. InTepdpepeHuin XBUND.
IHTepdepeHList BUHUKAE, SKLIO € ABi ab0 binbLue XBUIb i3 pisHAMM (hasamm, YacToTamn abo HanpsiMKamm
NoLMpeHHs. Hanpuknag mMaemo ABi XBuni 3 pisHUMM pasamu:

E(z, t) =E; COS(EZ — wt) + E, cos(igz — wt + (p), (2)

A€ @ — pisHnLs as.
Llei npuHumn Gygemo peanisoByBaTtn B NporpamMmHOMY KOZi.
3. Matlab-kop ana Bizyanisadliii.
Kog ans Bigyanisauii iHTepdepeHLil npeacTaBneHo Ha puc. 2.

AAILAS LINE/NECR= IHTepdepeHuia nsox enexTys, =M E O (Saunb
% MNapameTpu Xeunb A 0 0

lambda = 8.5; % [lloexuHa xsuni (m)

k =2 *pi/ lanbda;, % Xeunoosuit BexTop

f = 3e8 / lambda; % YacTota (Tu)

omega = 2 * pi * f; % Kytosa 4acToTa

phi = pi / 2; % Oazoea pisnuua Mix xeunamu (Hanpuknag, 90 rpa
t = linspace(®, 2/f, 58); % Yacosni inTepsan

x = linspace(-2, 2, 500); % MpocTopoBa KOOpAWHATa

Restore view

05

[ I e R Y S

= w
Hac (c)

% 0b4MCneHHA eneKTpuYHUX nonis

[X, T] = meshgrid(x, t); % CTBopeHHA ciTkm

El = cos(k * X - omega * T); % lepua xsuna

E2 = cos(k * X - omega * T + phi); % Apyra xeuna
E_total = E1 + E2; % CymapHe none (ixTepdepeHuia)

r=

-0.5

SRR

% Bisyanisauia iHTepdepenuiitHol kapTuHu
figure;
imagesc(x, t, E_total); % Binobpawenua y eurnagi konboposol K

colorman et: v
4 ] KOOD,[lVIHaTa X (M)

o S

)

Puc. 2. Bigyanisayisi iHTepepeHLil enekTpoMarHiTHO XBK y ABOBUMIPHOMY NPOCTOPi
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4. PesynbTati poboTu nporpamm.
Lo noba4umo Ha epacpikax?
— iHTEpEPEHLIHY KapTUHY (puc. 2);

— rpachik enekTpMYHOro Nons, SKuM Bigobpaxae 3MiHy pe3ynbTyK4Oro nons B NPOCTOpI Ta Yaci: BUAHO
30HM KOHCTPYKTMBHOI Ta A4ECTPYKTUBHOI iHTepdepeHLii (puc. 3);
— rpachik MarHiTHOro Nosist — 3a aHanorieko, K Ans enekTpUYHOro nons (puc. 3).

IMATLAB Drive/lnterfer.m

=
WK PO WO N U AW N

R e e
Do ~Nwo U

30006yBaviB OCBITY 3 METOK PO3BUTKY TEXHIYHOTO MUCTIEHHS:

% MapameTpu XBUAb

E@'="13 % AMnniTyza enekTpUyHOro mons
lambda = 1; % [loBxuHa xsuni

k = 2*pi/lambda; % Xeunbose uucno

Fr=cl % YacToTa

omega = 2*pi*f; % KyToBa vacToTa

phi = pi/4; % PisHuua Qa3 mix xsunamu

¢ = 3e8; % Wenakicte ciTna

% MpocTip 1 yac
z = linspace(@, 2*lambda, 100); % MpocTopoBa KoopauHaTa
t = linspace(0, 2/f, 100); % Yac

% CTBOpeHHs mMaTpuub AnA Bisyanisauii
[Z, T] = meshgrid(z, t);

% EnekTpuyHi mona ABOX XBUMb
El = E@ * cos(k*Z - omega*T);
E2 = EO * cos(k*Z - omega*T + phi);|

-0

v

Enek TpudHe none (E)

MarHiTHe none(B)

(=4

IHTepepeHLin enekTpUYHUX nonis
1
0
1
Hac (t) Mo3uuis (2)
, IHTepdepenis MarkiTHuX nosis
0"
5
0
-5
2
1

Yac (t)

No3uuis (2)

Puc. 3. Bigyanisayisi iHTepdepeHLil enekTpoMarHiTHOI XBUIK y TPUBUMIPHOMY NPOCTOPI

Moxruei HanpsIMKi PO3LUMPEHHS! MPOrpaMu siKi MOXHA 3amponoHyBaTW NSl CamocTiHOi poGoTy

1. JogainTe 6inbLue XBunb i3 pisHUMKM (hazamu, amnaitygamu abo HanpsiMKamy NOLLMPEHHS.
2. [lopaiTe aHimaLito: 3adikcyinTe z i OHOBIIONTE ¢,
3. MobyayiiTe BEKTOPHE None Ans eNeKTPUYHOrO Ta MarHiTHOrO KOMMOHEHTIB Y MPOCTOPI.

Ha puc. 4. moxHa nobaunTi pesynbTaTi PO3LUMPEHHS NporpamMu Ans MOAEMNIOBaHHS Ta Bisyanidallii
iHTEpdepEHLLT enekTpoMarHiTHOI XBUNM po3pobreHoi 3gobyBayamu BULLOI OCBITM B MEXaX BUKOHAHHS
3aBaHHS.

MATLAB Drive/nterferAnim.m

30
31
32
33
34
35
36
37
38
39
40
41
42
43
a4
45
46
47
48

|

% Animauia XBunb

figure;

for t_idx = 1:length(t)
% BexkTopHe none
subplot(2, 1, 1);
quiver(z, 0, E_total(t_idx,
hold on;
guiver(z, 0.5, zeros(size(B_total(t_idx,
hold off;
title('BekTopHe none enekTpUYHOro (CMHBOTO) 1 MarHiTHoro
xlabel('z (Mo3uuis)');
ylabel(' AMHﬂiTyﬂa nons');
axis([@ max(z) - S*max(EB) 1.5%max(E0)]);
legend('EnekTpuyHe none', 'MarviTHe none');

N,

% Mone xeuns
subplot(2, 1, 2);
plot(z, E total(t idx, :), 'b',
hold on;
( »

'LineWidth', 1.5);

1), zeros(size(F_total(t_idx,

B_total(t_

o

BekTOpHE None enekTPUYHOTO (CMHBOTO) | MarHiTHOTO (YepBoOHOro) noni

AmnniTyga nons

AnmnniTyaa nons

——== ENiekTpHyHe none
1 ———== MariTHe none
0

0 1 2 3 4 5 6
2 (Mo3uuia)
IHTepchepeHLin XxBunb
£

= ENeKTpHYHe none
1 /\ —— MartiTHe none
C \/ ' \ / \ /

z (Moauuis)

Puc. 4. AHimauis iHTepdepeHLil enekTpoMarHiTHOI XBunu
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OCHOBHi acnekTi KOAy OXOMMIOKTb BiAMOBIOHI 3aBOaHHSA, a came JOAaHO Kifbka XBWUIb i3 PidHUMM
hazamu, amnnitygamu Ta HanpsMkamu MOLUMPEHHS, [OLAHO aHiMallilo, §ka OHOBIIE XBWMI 3 YacoMm,
nobyaoBaHO BEKTOPHE Nore A4/15 €NEKTPUYHOTO Ta MarHiTHOrO KOMMOHEHTIB Y MPOCTOPi.

Jo 8uOHO nid Yyac 8UKOHaHHS npo2pamu:

1. BeKTOpHE none enekTpuYHUX i MarHiTHXX Nonis y NPOCTOpi.

2. ['pacpik cynepno3uLii XBurb i3 306pakeHHSAM KOHCTPYKTUBHOI Ta AECTPYKTUBHOI iHTEPhEpeHLii.

3. [lnHamiyHy aHimMaLito XBWrb Y NpOCTOpI Ta Yaci.

TakuMm 4ynMHOM Bi3yanisauis iHTepdepeHUii enekTpomarHiTHUX xsunb y Matlab fgossonse rmubuue
3pO3yMITW NPUHLMIK X MOLUMPEHHS, B3aeMOAil Ta cynepnosuuii. Peanisauis kogy gonomarae CTydeHTam
CMoCTEpIraTh 30HN KOHCTPYKTUBHOI Ta AECTPYKTUBHOI iHTEP(EPEHLLiT, aHani3yBaT NOBEAIHKY ENEKTPUYHOrO Ta
MarHiTHOro nonie, a Takox OygyBaTw AuHaMiyHi aHimauii. Moganblue po3LUMPEHHS NPOrpamn —LoLaBaHHS
[0LAaTKOBUX XBWMb, 3MiHA napameTpiB Ta Bi3dyanidauis BEKTOPHWX MONIB —CrpUsie PO3BUTKY TEXHIYHOrO
MWUCNEHHS Ta 3aKpineHHo TEOPETUYHUX 3HaHb Ha NPaKTULL.

Mpuknag 2. [leMoOHCTpaLisfi NOWMPEHHA eNeKTPOMArHiTHUX XBUMb Yepe3 pi3Hi maTepianu

MogentoBaHHS MOLIMPEHHS ENEKTPOMArHiTHUX XBUMb Yepes3 pisHi MaTtepianu € BaXIMBUM acnekToM
BMBYEHHS eriekTpomarHeTusmy Ta ontuku. Matlab Hagae noTyxHi iIHCTpYMEHTH ANist YMCENbHOTO MOLESIOBaHHS
Takux npouecis [22]. Po3rnsiHeMo OCHOBHI eTanmu nobyaoBM MaTeEMaTWYHOI MOZENi Ans AOCMILKEHHSs
NOLUMPEHHS €NEKTPOMArHiTHUX XBUMb Y Pi3HUX MaTepianax.

1. Bubip 0CHOBHMX napameTpiB, L0 BNAIMBaKOTb Ha MOWMWPEHHS €NEKTPOMAarHiTHUX XBUIb.

LLlo6 ToyHO 3mogentoBaTW nepenavy €neKTPOMArHiTHAX XBWMb, HEOOXIQHO BM3HAYWTK BNACTWBOCTI
Matepiany, Yepe3 Kuin NpoxoauTUMYTb XBuni. OCHOBHUMM XapakTepuCTUkaMu Matepiany €:

— [ieNneKkTpuyHa MNPOHUKHICTb € (BM3HAYaE BMNMB CEPefoBMILA HA  ENEKTPUYHY KOMMOHEHTY
€NeKTPOMArHITHOI XBUIi);

— MarHiTHa NPOHUKHICTb | (BNIMBAE HA MarHiTHY CKaZgoBy €neKTpOMarHiTHOI XBuni).

CYKyMHICTb LnX BacTUBOCTEN BU3HAYae LUBMAKICTb CBITNa B Matepiani, ska MOXe BiApi3HATUCS Bif
wBemakocTi y BakyyMmi (c=3:108¢). Y BinbLIOCTi fienekTpUYHUX MaTepianis 3HAYEHHs € Ta |/ NEPEBMULLYIOTb iXHi
BaKYYMHi 3HAY€HHS, LU0 3MEHLUYE LWBWUAKICTb MOLUMPEHHS XBUTTI.

[ani BUsHauMMo BNacTMBOCTI Nafato4ol eNekKTPOMarHiTHOI XBUNi:

— yacrorta f (KinbKiCTb KONnBaHb 3a CeKyHAY, 3a3Buyail BUMIPETLCS B I'L);

— [OBXMHA XBuni A (MpocTopoBa MPOTSHKHICTL OAHOMO MOBHOTO LMKIY XBWSI, YacTO BUMIPHOETHCS B
MeTpax);

— amnnityga A (MakcmarnbHa BENUYMHA ENEKTPUYHOTO Ta MarHiTHOro NosniB XBuri);

— nonspu3adis (opieHTaLlis BEKTOpa enekTPUYHOro Nosst BigHOCHO HaMPsIMKY MOLUMPEHHS XBUTI).

2. Pospobka nporpamHoro kogy Ana nobyaoBu KOMN'IOTEPHOI MoAeni NOWMpPEeHHS
eneKTPOMarHiTHUX XBUMNb B Pi3HUX cepeaoBMLLaXx.

Konu enekTpomarHiTHa XBWNS CTUKAETBCS 3 MEXEK POo3difly MK ABOMa matepianamu 3 pisHAMM
BMNACTMBOCTSIMM, YacTMHA XBUIi BiAOWBAETLCS Halaz y NEpLUMn MaTepian, a YacTMHa nepeaaeTbes B Apyrui
Matepian. KoediuieHTu Binbutts (R) i KoeiLieHTH nponyckanHs (T) onucyoTb BiZHOWEHHS aMmnniTy4 Bigbutoro
| NPONYLLEHOro CBITNa 40 amMnniTyau nagiHHs BignoBsigHo.

Huxye npeactaBneHo npuknag peanisadii  nporpamu  (puc. 5), Ska MOAENKE MOWMPEHHS
eNEeKTPOMArHiTHOI XBuni Yepe3 6araToLapoBy CTPYKTYPY 3 Pi3HUMM LieNEKTPUYHAMI MPOHUKHOCTAMM [4].

Y pesynbTati peaniawii nporpamu Miu 0TpUMYEMO MOLENb Sika JO3BONSE:

— BygyBatu rpacik 3aneXHOCTI eNEeKTPUYHOrO NoNs Bif NO3uLii y NpocTopi;

— Bi3yaniayBaty rpaciku 4ns BigobpaxeHHs nagatoyoi, Bigdutoi Ta nponyLeHoi XBuri;

— Bi3yanisavjito nons B NpocTopi Big -5 ¢M 40 5 cM;

— po3paxoBaTi Nnone Ans XBuib Yy BCIX TPbOX 06M1acTsX: nepeq CTPYKTYPOKD, BCEPEAMHI Ta Nicns Hel;

— 0BuncnnTi KoedillieHTV BIGBUTTS | NPONYCKaHHA Ta NokasaTty, sk BUrMSAAE XBUMS NPU NPOXOMKEHHI
yepes HaraToLlapoBy CTPYKTYpY.

12
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[laHa nporpama [03BONSE aHanisyBaTW B3aEMOi0 €MEKTPOMArHiTHOI xBWni 3 GaraTowapoBumu
CTPYKTypamu, LU0 € KOPUCHUM [N PO3YMiHHA MOBEAiHKM XBUMb Y Pi3HUX MaTepianax Ta Ans po3pobku
NPUCTPOIB, Tak1X K inbTpn abo aHTUBIABNBHI NOKPUTTS.

% BWSHaueHHR napameTpis A @ Po3n0BCIOMKEHHSA eneKTpoMarHiTHoT XBUni Yyepes GaraTolwapoBy CTPYKTYPY
f = 10e9; % YactoTa 10 Ty 1F T T T ' i Fa i q

c = 3e8; % lemakicTe ceitna y Bakyymi, m/c
lambda = ¢ / f; % Hoexwna xeuni, m 08}
ke = 2 * pi / lambda; % XsBuncoeuii BekTOp y Bakyymi

— [TafiaK04E XBANA
Binbura xeuna
TMponylueHa xeuna

i i 06}
% Bu3HaueHHa napameTpis wapis

epsilon_r = [1, 2.2, 4.5, 1]; % BigHocHa mienexkTpu-
thickness = [0, 9.01, 0.02, 0]; % ToBwMHa KOXHOIO u

[ - R R TV N

0.4

——
= o o

% KyT naginua
theta_inc = 5; % Hopmansxe naginua

0.2F

—_—
P N

% Po3paxyHok koediuienTis sinbwTTA Ta nponyckaHHa
[R, T] = multilayer_rt(epsilon_r, thickness, f, the

—
w1

02¢F

—_—
~ >

% BuBELEHHA pE3yNbTaTiB
disp(['KoepiuieHT sigbutta: ', num2str(abs(R)"2)1);
disp(['KoedpiuieHT nponyckanHa: ', num2str(abs(T)"2)

—
oo

04}

AmnniTyaa enekTpuyHoro nons
o

o=
(SR

-0.6

r
=

% Bizyanizauia enexTpomarHiTHoro nona
x = linspace(-0.85, 0.85, 1008); % lpocToposi koops

r~
]

0.8f

[
Bow

% EnekTpuuHe mone nagaw4ol xsuni
E_incident = exp(li * k@ * x);

r
vl

-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 002 003 004 005
v Mo3auuis (m)

o
>

% Fnektnuune none rinbutoi xruni

r~
<

Puc. 5. MogentoBaHHS NOLLMPEHHS €NEKTPOMArHiTHUX XBUMb Yepe3 pidHi MaTepianm

[ns po3BUTKY TEXHIYHOTO MUCIIEHHS MOXHA 3anpOnOHYBaTW HanawTyBaTW MOAEMb ANS BUPILLEHHS
KOHKPETHMX CLeHapiiB abo 3anuTaHb. Hanpuknagd, MoxHa nonpocuTu 3a06yBavis OCBITH:

1. Jocnigntv BB 3MiHM YacToT abo nonsipuaalii nagatoyoi Xsuni.

2. [poananiaysaTyn NOBEAiHKY XBUMb MiZ PI3HAMM KyTaMu nagiHHS.

3. [ocnignTi BNNMB KiflbkoX MOBEPXOHb MaTepiarnis.

4. OBuncniTb NOTYXHICTb, SKY Nepeaae abo BiabUBaE NOBEPXHS.

Bci Ui 3agavi 3006yBay 0CBITM MOXE BUKOHATY, AOA4AK0UM 3MIHW B KOZ NPOrpamu i MPOBIBLUK AOCTIiKEHHS
nocTaBneHnx nutaHb. Ha puc. 6 HaBegeHo pesynbTat poboTu nporpamu, po3pobneHoi 3gobysayamu BULLOT
OCBITM Mif} YaC BUKOHAHHA 3aBAaHHs Ha JOCHIDKEHHS NPoLecy BiabuBaHHs CBITNA Npu 3MiHi YaCTOTM Nagatoyoro
cBiTNA.

M

M

AmMMNiTyaa enekTpuyYHoro nona
=y

[=2]

-0.

o

F'?SI'IOBCIOJ:IH(EHHH eneKTPOMarHiTHoI XBuUni Yepes GaraTollapoBy CTPYKTYpY
[Napato4a xsuna
BinbuTa xeuna
[MNponyLyeHa Xeuna

-0

i10.05 -0.04 70_I03 70_I02 70.I01 0 0_61 0_62 0.63 0.64 0.05
Mosuuis (m)
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IV 062060peHHsI

Hocsig iHTerpayii Matlab y kypc disvku nokasaB nigBuLLEHHS 3aljikaBneHOCTi 3400yBadiB OCBITH
MaTepianom, SKUA BUBYAETLCS, @ TaKOX MOKPALLEHHS PO3yMiHHS 3400yBadyamu OCBITU (hyHOAMEHTaNbHUX
KOHLenuin. 3aBasku LbOMY IHCTPYMEHTY CTyAEHTU MOXYTb He NnLLEe TEOPETUYHO 3aCBOOBATH MaTepiarn, a i Ha
NpaKTULi SOCIZXYyBaTW NOBEAIHKY XBUMb Y Pi3HUX CEPeaoBULLaAX.

BukopucTanHs Matlab B ocBiTHbOMY npoLeci Mae 6arato nepesar, cepes Skux PO3BUTOK anropuTMiYHOMO
MWCIIEHHS! Ta HaBWYOK NPOrpaMyBaHHs, 3aCBOEHHSI abCTPaKTHUX KOHLENLi Yepe3 HaouHy Bidyanisauito,
(POpMyBaHHS TEXHIYHOrO MUCMEHHS Yepe3 CaMOCTINHO BUKOHAHE MOAENOBAHHS (isUYHMX SBULL.

BogHouyac icHytoTb neBHi obmexeHHs BukopucTaHHa Matlab y npoueci BuknagaHHs disvkv 3n06ysavam
BMLLIOT OCBITM TEXHIYHMX CMeLianbHOCTEN, K 0T HeobXigHiCTb Ba30BOi MiArOTOBKY CTYAEHTIB Y NporpaMyBaHHi,
BMTPATW Yacy Ha ONTUMI3aLito 0BYNCIIIOBANbHUX anropUTMIB A1 CKNaAHUX CUMYRSLIN.

[MepcnekTuBy NopanblUMX AOCMIMKEHb BKMOYAKTL iHTErpauiro Matlab i3 Gibniotekamm mawwwmHHOrO
HaBYaHHA AN NPOrHO3YBaHHS XapakTePUCTUK XBIUIbOBUX NPOLIECIB.

PesynbTaTti npoBefeHOro AOCMiMKeHHS AeMOHCTPYOTb BUCOKY e(DEKTUBHICTb BUKOpUCTaHHs Matlab ans
MOLENOBaHHA €NEeKTPOMArHiTHUX XBUITb Y HaBYanbHOMY npoLeci. Bisyanisayuis cknagHux enektpoMarHiTHuX
SBULL, TaKUX K iHTepdepeHLs Ta NOWMPEHHS XBUMb Yepes PidHi MaTepiani, cnpusie rnmbokoMy po3yMiHHIO
(PyHOAMEHTamNbHUX KOHLEnNLii Ta PO3BUTKY TEXHIYHOrO MUCHEHHS CTYAEHTIB.

[MopiBHIOKYN OTPUMaHI pesynbTaTi 3 AaHUMK, NPeACTaBEHUMI B NiTepaTypi, MOXHA BiA3HAYMTK, LLO
BUKOpUCTaHHS Matlab y HaByaHHI enekTpomarHeTMsMmy BigMOBIgAE CyvaCHWM TEHAEHLisAM  iHTerpayii
IH(bOpMaLiHUX TEXHOMOrK y BUWY OCBITY. 30KpeMma, pesynbTaTu KOPesnoTb 3 OOCHILKEHHAMU, SKi
NiZKPECTIONTL NO3UTUBHWIA BMAMB KOMM'IOTEPHOrO MOZESIOBAHHA HA PO3BUTOK IHXKEHEPHUX KOMMETEHL|N
cTyadeHTiB [2, 5, 11].

MeTop KiHUeBMX piHnLb Y YacoBii obnacti (FDTD), BUkopucTaHuii y MOAENtoBaHHiI, € O4HUM i3 HanbiNbLL
e(DEKTUBHUX YNCENBHUX METOAIB NS MOLENOBaHHS eNeKTPOMarHiTHUX XBWMb, WO MiATBEPIKYETLCA WOM0
LUMPOKWUM 3aCTOCYBaAHHSAM Y HaBYarnbHOMY npoueci [12].

[ocsig iHTerpadii Matlab y kypcy enektpomarHeTu3my, onucaHui y cTarTi, NigTBepaKye BUCHOBKM iHLLINX
[OCMIQHWKIB NP0 MiABULLEHHS 3aUikaBeHOCTi CTYAEHTIB Ta MOKPALLEHHS PO3YMIHHS (hyHOAMEHTarbHUX
kKoHuenuin [15, 16].

OTpumaHi pe3ynbTati NiATBEPIKYIOTH MiNOTE3y NPO Te, WO MOAENIOBAHHS ENEKTPOMArHiTHUX XBUMb Y
Matlab € epekTBHUM IHCTPYMEHTOM AM1S PO3BUTKY TEXHIYHOTO MUCMEHHS CTyAeHTIB. BukopuctaHHs Matlab
[03BONSE CTyAEHTaM He N1LLIE TEOPETUYHO 3aCBOKOBATH MaTepian, ane 1 Ha NpakTuLi 4OCNimpKyBaTV NOBELIHKY
XBWITb Y PI3HUX CepefoBuLLaX, WO cnpusie opMyBaHHIO CUCTEMHOO NiAX0AY A0 aHanisy (isuyHUX SBULLY Ta
PO3BUTKY NPaKTUYHUX HABUYOK.

BpaxoByroun obmexeHHs, NoB'a3aHi 3 HeobXigHicTIo 6a30BOI NiArOTOBKM CTYAEHTIB Y NpOrpamyBaHHi Ta
BUTPaTaMu Yacy Ha onTuMmi3aLliro 064nCnoBarnbHUX anropuTMiB, MOXHa CTBEpAKyBaTH, WO iHTerpauis Matlab y
HaBYanbHWI NPOLIEC BUMArae PeTesibHOro NyiaHyBaHHA Ta METOAMUYHOI NILTPUMKM.

V BucHosku

MogenioBaHHS MOLIMPEHHS  eNEKTPOMarHiTHUX  XBuib 3a  gonomorolw  Matlab €  edhekTMBHUM
IHCTPYMEHTOM [A/19 BMBYEHHS (Pi3nyHUX sBWLL. PeanisoBaHi MaTtemaTtuyHi MOAeni J03BONSE aHanidysaTtu
npouecu BiaOUTTS, MPOMYCKaHHA Ta MOLWMPEHHS XBWMb Yy GaraTolapoBWX CTPYKTypax, L0 Mae Baxnuee
3Ha4eHHs ANs po3poOKM ONTUYHUX | PadiOTEXHIYHIX MPUCTPOIB.

OTpumaHi pe3ynbTaTi LEMOHCTPYHIOTb, WO BUKOPUCTAHHS YMCENbHOTO MOLENOBAHHS B OCBITHHOMY
NPOLECi CNPUSiE He NULLe KpaloMy PO3YMIHHKO TEOPETUYHWX aChekTiB erieKTpoAMHaMiku, a W PO3BUTKY
TEXHIYHOrO MUCNEHHS 3000yBadiB OCBITU. 3aBASKM MOXMBOCTI HaNaLUTYBaHHS NapameTpiB MOAENi CTyAEHTH
MOXYTb CaMOCTIMHO [JOCIiMpKYBaTU BNAMB YacTOTKW, KyTa NagiHHA Ta CTPYKTYpU CepefoBuLLa Ha MOBEAIHKY
XBUIb, LU0 PO3BUBAE iXHi aHaNITUYHI Ta 4OCAIAHMLBKI HABUYKN.
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Abstract. In an era of rapid technological advancement and escalating societal expectations, the effective teaching of
engineering ethics has become an indispensable imperative. While traditional pedagogy successfully imparts
foundational ethical principles and codes of conduct, a significant body of literature suggests a critical chasm between
this theoretical knowledge and the complex, high-pressure realities of professional practice. This study addresses this
existing gap between the abstract ethical principles taught in engineering curricula and real-life practice, aiming to
empirically investigate the shortcomings of current pedagogical approaches and propose evidence-based
recommendations to enhance graduate preparedness. The methodology involved a targeted study with a test group of
students, who were assessed through scenarios designed to simulate real-world professional challenges, including
conflicts of interest, organizational pressures to cut corners, and psychological factors like obedience to authority. The
results revealed a significant discrepancy: while students demonstrated competent theoretical knowledge of ethical
codes, they proved largely ill-equipped to apply these principles under simulated organizational pressure, empirically
confirming the hypothesized gap. The originality of this research lies in providing empirical validation of the
inadequacies in traditional ethics education, moving beyond widespread theoretical critique. It challenges pedagogical
models focused solely on abstract principles by demonstrating the decisive impact of organizational and psychological
factors on decision-making and refutes the assumption that knowledge of codes is sufficient for ethical practice.
Consequently, the findings have profound practical significance, providing a clear mandate for pedagogical change.
They form the basis for an actionable framework for educators, advocating for the integration of experiential learning,
such as high-fidelity case studies and role-playing, to cultivate practical wisdom and moral courage, thereby offering a
blueprint for curriculum enhancement and a foundation for future longitudinal research.

Key words: ethics, education, methodology, societal context, decision-making, organizational pressure.

HeoOxigHui iMnepaTuB: NOLWYK WAAXY Y WBWAKONAUHHOMY NnaHawadTi
BUKNafaHHsA iHXeHepHOI eTUKN B AMHAMIYHOMY CYCMiNIbHOMY KOHTEKCTi

Mpineno H. B., boposuk O. 0.

MonTaBcbKuit AepxaBHui arpapHui yHiBepcuTeT, MNonTasa, YkpaiHa

AHoTauis. B enoxy CTPIMKOrO TEXHOMOMYHOMO PO3BUTKY Ta 3pOCTAKOYMX CYCMIMbHUX OYiKyBaHb eeKTMBHE
BUKMNaAaHHs iHXEHEPHOI eTUKM CTamno HaranbHOK HeobXigHiCTIo. Xova TpaawuiiHi neparorikyHi nigxoam ycnilHO
HaB4aloTb 0a30BUM ETUYHUM MPUHLMMIAM Ta KOAEKCAM MOBEZiHKM, 3HAYHWIA MaCWB ICHYIOUNX JOCTIZKEHb BKa3ye Ha
iCHYBaHHS! KPUTUYHOI Pi3HML MiX LMW TEOPETUHHUMM 3HAHHAMM Ta CKIMagHUMK peanismn npodecii. Lie aocnimkeHHs
PO3MsiAae Lei iCHYKUMA po3puB MK abCTPakTHUMKW ETUYHUMW MPUHLMNAMM, WO BUKNAZAKTLCS B OCBITHIX
KOMMOHEHTaX OCBITHIX MPOrpam iHXEHEPHOrO CMPAMyBaHHS, Ta pearnbHO MPaKTUKOK, 3 METO eMMipUYHOro
JOCNiIKEHHS HELONMIKIB Cy4aCHUX NefaroriyHux MigxoniB Ta HajaHHs HaykoBO OOIPyHTOBaHMX pekomeHZaLin Ans
NiABWLLEHHS TOTOBHOCTI BMMYCKHUKIB-iHXEHepiB. BukopuctaHa MeTOZOMOris BKMoYana LinboBe AOCHimKEHHs
NpOBEAEHE 3 TECTOBO MPYMOK CTYZEHTIB, SIKUX OLiHIOBANW 33 ONOMOTOK NPAKTUYHUX CUTYaL|i, po3pobneHnx Ans
iMiTaLiT peanbHUX NpodecinHMX BUKIWKIB, BKMKOYAKOUM KOHANIKTY iHTEpeCiB, OpraHisaLinHuii Tuck 3 6OKy kepiBHULTBA
Ta McuxonoriyHi dhaktopu. PeaynbTat JOCMIMKEHHS BUSBWMN 3HaYHY npobnemy — xoua 3400yBavi BULLOI OCBITH
NPOAEMOHCTPYBaNMU AOCTATHI TEOPETUYHI 3HAHHS ETUYHWUX KOLEKCIB Ta PO3YMiHHS iX MPUHLMNIB, BOHU BUSBUMUCS
NepeBaxHO HEMiAroTOBIEHUMM [0 1X 3aCTOCYBaHHs B YMOBaX iMITOBAHOTO OpraHi3aliiHOro TUCKY, LU0 eMMipuyHO
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NiATBEPAUNO TNOTETUYHY HEBIANOBIOHICTb ICHYIOYOTO HABYaHHSI iHXEHEPHOI eTuku. OpuriHamnbHICTb  LbOro
JOCRiZKEeHHS nonsrae B HafaHHi eMnipyUyHOro NiATBEPAKEHHS HEAONIKIB TPAAMLINHOI €TUYHOI OCBITH, BUXOAAYM 3a
MeXi NOLLMPEHOT TEOPETUYHOT KPUTUKW. BOHO CTaBuMTb Mig CyMHIB negaroriyHi Mogeni, ski 30cepeeHi BUKMIYHO Ha
abCTpakTHUX MPpWHLMNAX, AEMOHCTPYKOUM BWpILLANBHAA BMWB OpraHisaliiHuX i MCUXOMONiYHMX (hakTopiB Ha
NPUAHATTA piLlieHb, | CNPOCTOBYE NPUMYLLEHHS, LLO TEOPETUYHE 3HAHHS ETUYHUX KOLEKCIB iHXEHepIB € AOCTaTHIM Ans
iX BMPOBAMKEHHS Y XWTTA. Buxogsum i3 BuLLe3a3HAYeHOro, OTpUMAHi pesynbTaTu MalTb MMKUOBOKe NpakTUdHe
3HaYeHHs, HaJaluM YiTKMIA iMnepaTiB AN negaroriyHuX 3miH. BoHu MoxyTb ByTu noknapeHi B OCHOBY i€BOi
nporpamm Ans ocBiTsH, Wo Gyae nigTpumMyBaTH iHTErpaLilo eMnipUyYHOro HaBYaHHs!, 30Kpema, po3rnsgy peanicTuiHuX
KenciB, ponboOBUX irop Ta CUMYMAUIA AN PO3BMTKY MPAKTUYHWUX HaBWYOK, MPOMOHYIOUM TakMM YMHOM MnaH Ans
BOOCKOHANEHHS OCBITHIX Nporpam Ta OCHOBY A71s NOAAMNbLUKMX AOCTILKEHb.

KntouoBi cnoBa: eTuka, 0CBiTa, METOA0NOTiS, COLiaNbHUIA KOHTEKCT, MPUAHATTS PillieHb, OpraHi3aLiiHuin TUCK.

| Introduction

The significance of engineering ethics cannot be overstated. It serves as the moral compass for a
profession entrusted with shaping the physical and digital worlds, directly impacting public safety, environmental
health, and overall quality of life. The most fundamental tenet, enshrined in virtually every engineering code of
ethics, such as that of the National Society of Professional Engineers (NSPE), is the engineer's duty to «hold
paramount the safety, health, and welfare of the public» [1]. This is not an abstract ideal but a tangible
commitment with life-and-death consequences. Unfortunately, the history of engineering is punctuated by
failures where ethical lapses contributed to tragedy. The Hyatt Regency walkway collapse in Kansas City in
1981, where a design change was made without proper engineering review, leading to 114 deaths, serves as a
stark reminder [2]. Similarly, the Challenger space shuttle disaster, meticulously analyzed by Diane Vaughan,
revealed how organizational pressures and a «normalization of deviance» could override engineering concerns
about safety [3]. These two infamous disasters are not merely technical failures but profound ethical ones,
demonstrating the critical need for engineers to possess not only technical competence but moral courage and
a steadfast commitment to public well-being. As emphasized in a widely used textbook, «Engineering Ethics:
Concepts and Casesy, ethical decision-making is integral to responsible engineering practice [4].

Engineering is a profession, distinguished from a mere occupation by its specialized knowledge,
commitment to public service, and the trust society places in its practitioners. This trust is fragile and hard-won,
as ethical conduct is the bedrock upon which this trust is built and maintained. When engineers act ethically,
transparently, and responsibly, they reinforce the public's confidence in the profession. Conversely, scandals
like the Volkswagen emissions deception, where engineers were implicated in deliberately designing «defeat
devices» to cheat on emissions tests, severely damage this trust, not just in the company involved but in the
profession as a whole [5]. As Michael Davis argues in «Thinking Like an Engineer: Studies in the Ethics of a
Profession» (1998), professional ethics is about adhering to a standard of conduct that goes beyond mere legal
compliance; it's about what defines a «good engineer» in a moral sense. Ethics education, therefore, plays a
crucial role in instilling this sense of professional identity and collective responsibility.

Engineering is inherently innovative, constantly pushing the boundaries of what is possible. However,
innovation without ethical guidance can lead to unintended and harmful consequences. As new technologies
like artificial intelligence (Al), genetic engineering, autonomous systems, and big data analytics emerge, they
bring with them a host of novel ethical dilemmas. Sara Baase's «A Gift of Fire: Social, Legal, and Ethical Issues
for Computing and the Internet» has long been a key text highlighting the societal impact of computing
technologies and the ethical questions they raise [6]. Engineers are at the forefront of developing these
technologies and thus bear a significant responsibility to consider their broader societal implications, including
bias in Al algorithms [7], privacy in an era of ubiquitous data collection, accountability for autonomous decision-
making, and the potential for misuse. Engineering ethics provides the frameworks and cultivates the foresight
needed to steer innovation in beneficial and just directions.

The impact of engineering projects on the natural environment is profound and often long-lasting, too.
Engineering activities have significant environmental footprints, from resource extraction and energy production
to manufacturing and infrastructure development. A growing ethical imperative within the profession is the
commitment to sustainability and environmental stewardship. This involves designing products and processes
that minimize environmental harm, conserve resources, reduce waste, and address the challenges of climate
change. Caroline Whitbeck, in «Ethics in Engineering Practice and Research», emphasizes a problem-solving
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approach to ethics, which readily applies to designing for sustainability [8]. The concept of «life-cycle
assessment» and designing for the «circular economy» are technical approaches with deep -ethical
underpinnings, reflecting a responsibility to future generations and the planet's health.

Engineering ethics also guides professional conduct, including honesty, integrity, competence, and
avoiding conflicts of interest. Engineers must be truthful in their professional reports, statements, or testimony
and undertake assignments only when qualified by education or experience. They also have a responsibility to
continue their professional development throughout their careers. Ethical codes provide a framework for
navigating situations where personal interests might conflict with professional duties, ensuring that decisions are
made in the best interest of clients, employers, and the public.

But, the education of future engineers in ethics is increasingly recognizing a crucial gap: the chasm
between abstract ethical principles taught in academia and the complex, often «messy», realities of professional
practice within organizations. This heightened focus on organizational dynamics, power structures, and the
psychological pressures isn't accidental; it's driven by several converging factors that underscore its critical
importance.

While proficient in imparting abstract ethical principles and codes of conduct, traditional engineering ethics
education often fails to adequately prepare graduates for the complex realities of ethics decision-making within
contemporary organizational and societal contexts. This theory-practice gap is increasingly problematic as
engineers face escalating pressures from rapid technological advancements, globalization, intense market
competition, complex power dynamics within organizations, and heightened public scrutiny regarding the
societal and environmental impact. Consequently, engineers may find themselves ill-equipped to navigate real-
world ethical dilemmas where professional responsibilities conflict with organizational pressures, personal
values, or ambiguous situational factors, potentially leading to unethical conduct, harm to the public,
environmental damage, or erosion of trust in the engineering profession.

This study is needed to investigate the specific shortcomings of current pedagogical approaches and
identify effective strategies for bridging this gap. High-profile ethical failures in engineering highlight the severe
consequences that occur when ethical considerations are inadequately addressed in practice. The existing
chasm between academic ethical training and the realities of professional life suggests that current educational
models may not adequately emphasize the organizational, psychological, and systemic factors that influence
ethical behavior. Therefore, further research is needed to understand how engineering ethics education can be
reformed to more effectively integrate these complexities, ensuring future engineers are not only aware of ethical
principles but also possess the practical wisdom, courage, and skills to apply them under pressure within diverse
and challenging organizational environments.

The purpose of this study is to investigate the existing shortcomings of current engineering ethics
education based on the example of the Engineering and Technology Faculty students’ test group. The ultimate
aim is to propose evidence-based recommendations to enhance the preparedness of engineering graduates to
navigate ethical dilemmas effectively and responsibly within dynamic organizational and societal contexts.

To achieve the study’s purpose, the following research objectives will be pursued: to critically analyze
current pedagogical approaches, content, and assessment methods in engineering ethics education to identify
specific limitations in addressing problematic topics; to identify and characterize the common types of
organizational pressures (e.g., conflicts of interest, pressures to cut corners, loyalty dilemmas) and psychological
factors (e.g., obedience to authority, groupthink, moral disengagement) that engineers frequently encounter in
professional practice and analyze students’ preparedness to face them; to propose a framework or set of
actionable recommendations for enhancing engineering ethics curricula and pedagogical practices to better
equip future engineers for navigating the evolving landscape of ethical challenges in their professional lives.

Il Materials and Methods

Engineering ethics education, while crucial, often struggles to bridge the significant gap between abstract
ethical principles taught in academia and the nuanced realities of professional practice. While case studies are
staples, they are often presented retrospectively with clear «heroes» and «villains» or focus on catastrophic
failures. This can neglect the mundane ethical dilemmas and incremental decisions made under pressure. As
Newberry discusses, there’s a persistent challenge in making ethics education truly impactful and relevant to
the dilemmas students will face, moving beyond simplistic applications of codes to complex situations [9].
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Traditional formats often fail to simulate the pressure of real-world decision-making. Students don't experience
the social dynamics or personal career risks involved in raising ethical concerns. While reviews [10] highlight
various interventions, the extent to which these fully replicate organizational pressures remains challenging.
Knowing the «right» thing is different from having the skills and courage to act on it effectively within an
organization. Pedagogy often underemphasizes how to navigate organizational politics or communicate
concerns persuasively.

Teaching engineering ethics often focuses on grand ethical theories and codes, which can seem detached
from day-to-day organizational drivers like profit motives and resource constraints. There’s insufficient content
on organizational behavior, corporate culture, and cognitive biases. Much content frames ethical dilemmas as
problems solvable by moral individuals, neglecting systemic pressures. Some researchers argue for broadening
ethics teaching beyond this individualistic approach to include social ethics and the role of engineers in societal
and organizational contexts, thereby addressing the systemic nature of many ethical problems [11]. At the same
time, the «micro-ethics» of daily professional conduct might be underrepresented. Teaching content may not
adequately help students develop a robust professional ethical identity that can withstand organizational
pressures.

As for limitations, assessments often prioritize recall of codes or theories, struggling to assess ambiguous
ethical reasoning or likely behavioral responses. So, the challenge lies in moving assessments beyond
theoretical understanding to evaluating practical ethical competence. Of course, qualities like integrity and
courage are hard to measure through traditional academic assessments, which can only add to the vagueness
of the problem.

For our study, we selected 1st and 4th-year students majoring in Industrial Engineering at the Faculty of
Engineering and Technology of Poltava State Agrarian University. Considering objective factors, a large and
multifaceted study requires many participants and a long time. Beginning with a smaller study group of 5-10
members offers distinct advantages before potentially expanding. In this setting, members often feel more
comfortable sharing ideas and asking questions without the pressure of a larger audience. Students perceive
group work as beneficial for gaining new perspectives and mutual support, experiences often amplified in
smaller, more manageable units [12]. This allowed more focused discussions and efficient problem-solving,
ensuring everyone grasps core concepts. It's also easier to effectively communicate and share study habits
within a smaller unit. Based on this, in general, 20 students were selected for participation. Each of the two
groups (10 students of the 1st course and 10 students of the 4th course) holds members of the same gender,
approximate age, and level of education.

At Poltava State Agrarian University, engineering ethics is introduced to students as an integral
component of the mandatory first-semester, first-year discipline titled «University Education». This foundational
course outlines the key characteristics of higher technical education in Ukraine, incorporating topics pertinent to
real-world engineering scenarios, and is generally designed to focus on the student’s adaptation to the evolving
demands of higher education [13]. For the present study, first-year students were selected because they had
recently covered these relevant ethical topics within the preceding 10 months of their university experience.
Fourth-year students were chosen as a comparative group; they had also completed this discipline in their first
year but had since augmented their theoretical knowledge with practical experience gained through several
industrial practicums at different enterprises and factories. Engagement in these industrial, rather than purely
academic, practicums is significant, it provides students with tangible experience in navigating multi-generational
teams, direct involvement in production processes, and an understanding of organizational management
hierarchies.

To effectively investigate the perceived and experienced gap between engineering ethics taught
academically and the complex realities of professional practice, a multi-method approach involving interviews,
questionnaires, and anonymous surveys was implemented. This allowed for in-depth qualitative insights and
broader quantitative comparisons between the target groups: 1st-year students with recent theoretical ethics
education, and 4th-year students who supplement this with industrial practicum experience. Before any data
collection, formal approval from students was obtained. All participants were provided with a clear explanation
of the study’s purpose, what their participation would entail, how their data would be used and protected, their
right to voluntary participation, and their ability to withdraw at any time without penalty. It was ensured that all
instructions were unambiguous and easy to understand.
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For the 1st year students, interviews and anonymous surveys explored understanding of ethical principles,
how they anticipate applying these in professional settings, and what ethical challenges they foresee. For the
4th year students, interviews and anonymous surveys delved into how their industrial practicums have shaped
their views on academic ethics, elicited specific examples of ethical dilemmas observed or experienced, and
understood how they navigated workplace dynamics concerning ethical conduct. The content of these surveys
and topics of interviews was somewhat based on the standardized DIT and DIT-2 tests — copyrighted
psychometric instruments developed by James Rest and colleagues, now managed and distributed by the
Center for the Study of Ethical Development at the University of Alabama [14]. While, of course, not the same,
created engineering-specific ethical dilemmas were specifically designed to assess students’ general
understanding and precise application.

Interviews were conducted in April and May 2025 using open-ended questions, allowing flexibility for
follow-up. The basic questions for both groups were the same — the only difference was that they asked students
to give an answer based on their experiences. All interviews were held in quiet, private locations. These are
some examples of asked questions: «When public safety conflicts with project cost or deadlines, how should an
engineer prioritize and justify their decision?», «When an engineer's duties to their client, employer, and the
public conflict, how should they determine which takes precedence?», «What key ethical issues should
engineering teams proactively address at the start of any new project?», etc. Questionnaires and anonymous
surveys, conducted at the same time, were used to gather specific information, enabling quantitative
comparisons between 1st and 4th-year students, and to collect honest responses on potentially sensitive topics
through anonymity. Surveys measured agreement and commonness of the answers with closed-ended
questions, trying to gauge true feelings about pressures to act unethically, willingness to report concerns, and
actual (unattributed) experiences of ethical breaches during practicums from recipients. Closed-ended questions
sounded like «In a situation where an employer’'s demands conflict with the public's best interest, is an engineer's
primary obligation always to the public?» or «Do you believe that university ethics education has adequately
prepared you to identify and navigate potential conflicts of interest in professional settings?», etc. The survey
was distributed through an online platform (Google Forms). Because these surveys were anonymous, no
identifying information (names, specific student IDs) was collected.

Questionnaires were constructed as ethical dilemmas. The core of the dilemmas remains the same for
both 1st and 4th-year students, as ethics principles are constant. The key difference lay in the depth of
understanding of the contextual factors, the range of potential solutions considered, and the perceived weight
of consequences based on experience. These artificially constructed dilemmas were used to reveal how
experience shapes professional judgment. Each of the five dilemmas had a specific scenario covering one of
the core themes selected for this study. For example, the «Inspired Design Dilemmax had the following scenario:
«As a junior design engineer, you're pressed to complete a new product design. You remember a very similar,
effective solution to a key problem in a publicly available technical paper from a competitor (not patented).
Directly incorporating significant elements would save weeks and likely improve the product. Your company
rewards rapid innovation». In this example, the main ethical dilemma is about the ethicality of «borrowing» from
the competitor's public design to meet deadlines and impress your bosses. These dilemmas were discussed
directly within the groups, comparing their reasoning, the factors they prioritize, and the proposed solutions,
highlighting how experience (or lack thereof) shapes ethical decision-making in practice.

Despite their capacity to reveal nuanced differences, these dilemmas are intentionally designed around
simple principles, such as honesty, public safety, responsibility, professional integrity, etc. The scenarios are
typically straightforward, presenting clear-cut conflicts that students can readily grasp, even with limited real-
world engineering experience. This inherent simplicity ensures that the fundamental ethical tension is easily
understood, allowing students to engage with the core problem without being bogged down by excessive
technical complexity or obscure contextual details. The goal is to provide an accessible entry point for ethical
reasoning, laying a foundation before possibly exploring more intricate variations.

The comprehensive analysis of student responses employed a robust mixed-methods research design,
integrating quantitative and qualitative data processing techniques to capture the full spectrum of insights. For
data derived from anonymous Google Forms surveys featuring closed-ended questions, statistical analysis was
conducted primarily using software packages such as advanced functionalities within Microsoft Excel. The initial
phase involved generating frequencies and percentages for categorical responses to understand the distribution
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of choices and opinions. Then, they were visualized using bar charts, histograms, or pie charts to provide an
accessible overview. For rich textual data gathered from written open-ended questions within surveys and
detailed transcripts of group discussions and individual interviews focused on ethical dilemmas, qualitative
analytical methods were crucial. Qualitative content analysis focused on interpreting the meaning and
significance of content within its context, examining the presence, meanings, and relationships of specific words
and concepts. Narrative analysis was used for content that involved storytelling or detailed accounts of reasoning
processes to understand how students construct meaning and structure their ethical arguments.

The findings from quantitative and qualitative analyses were integrated to provide a more holistic and
validated understanding. For instance, detailed explanations found in open-ended answers or discussion
transcripts were illuminated and contextualized by the statistical trends identified in survey responses.
Conversely, themes emerging from qualitative data provided new hypotheses to be tested quantitatively in future
studies.

lll Results

Given the critical importance of ethics in engineering, its education cannot be a static enterprise. It must
be dynamic and responsive to the evolving nature of the profession itself and the ethical challenges it faces.
Early approaches to engineering ethics education often focused heavily on the memorization and application of
professional codes of ethics. While understanding codes is essential, contemporary ethics education recognizes
that codes alone are insufficient for navigating complex, novel, or ambiguous ethical dilemmas. As Michael Davis
argued, codes are a good starting point, but true ethical competence requires developing skills in ethical
reasoning, critical thinking, and moral imagination [15]. Modern pedagogy, therefore, emphasizes the
development of these cognitive skills, enabling students to analyze situations, identify ethical issues, consider
different perspectives, and justify their decisions based on sound ethical principles. The field has seen significant
pedagogical innovation aimed at making ethics education more engaging and effective for engineering students,
who are often pragmatic and problem-oriented.

Case studies remain a cornerstone, but they have evolved from simple, often decontextualized scenarios
to more complex, realistic, and open-ended narratives that reflect real-world engineering, such as those
discussed by M. S. Pritchard [4]. These typically include organizational pressures and stakeholder conflicts.

Different active learning strategies are becoming more popular. Role-playing scenarios allow students to
experience ethical dilemmas from different perspectives and practice communication skills. Debates on
controversial ethics issues can sharpen critical thinking and argumentation, and simulations can immerse
students in decision-making processes under pressure [16].

A particularly influential, relatively recent development is the GVV (Giving Voice to Values) curriculum
pioneered by Mary Gentile [17]. GVV shifts the focus from ethical analysis (identifying what is right) to ethical
implementation (developing strategies to act on one’s values effectively, especially in the face of opposition or
organizational pressures). This approach resonates strongly with the practical orientation of engineering
students and addresses the challenge of moving from knowing to doing.

As noted earlier, new technologies bring new ethical challenges. Engineering ethics education must
continuously update its content to address these. This includes Al, biotechnology, and cybersecurity ethics. It's
also increasingly recognized that individual ethical decision-making is heavily influenced by organizational
culture, power dynamics, financial pressures, and systemic factors of one’s place of employment. As such, ethics
education is expanding to include concepts like groupthink, normalization of deviance, obedience to authority,
ethical leadership, organizational climate, and moral distress. So, assessing the effectiveness of ethics
education is a complex but crucial endeavor. This field is moving beyond simply testing knowledge of codes or
theories, now, efforts are focused on assessing changes in students’ moral reasoning capabilities, often using
instruments like the Defining Issues Test (DIT), or developing specific rubrics to evaluate their ethical analyses
in written assignments or case study responses.

In many foreign countries, accreditation bodies, most notably ABET (Accreditation Board for Engineering
and Technology) in the United States, play a significant role in shaping engineering curricula, including ethics
education. ABET's Criterion 3, student outcomes, explicitly requires programs to demonstrate that their
graduates have «an ability to recognize ethical and professional responsibilities in engineering situations and
make informed judgments, which must consider the impact of engineering solutions in global, economic,
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environmental, and societal contexts» [18]. This mandate ensures that ethics remains a core component of
engineering education and drives institutions to evaluate and improve their approaches continuously.

In real life, engineers frequently navigate a complex landscape where organizational pressures and
internal psychological factors can significantly challenge their ethical decision-making and professional integrity.
Typically, they include conflicts of interest that arise when an engineer’s interests (financial, familial, reputational,
etc.) or loyalties could improperly influence, or appear to influence, their professional judgment or actions,
potentially compromising objectivity or fairness in their duties. For example, recommending a supplier in which
they have a personal financial stake.

Pressures to cut corners driven by tight deadlines, budgetary constraints, or competitive demands may
compromise quality, safety standards, thoroughness of testing, or ethical considerations to save time or money.
This can involve using substandard materials or skipping crucial design verification steps. Engineers often feel
strong loyalty to their employer, colleagues, or clients. This can create loyalty dilemmas and conflicts when these
loyalties clash with their primary responsibility to public safety, health, and welfare, or with legal and ethical
codes. For instance, being asked by a manager to conceal a design flaw from a client.

While not inherently unethical, relentless focus on meeting aggressive timelines and staying under budget
(schedule and budgetary constraints) can create an environment where ethical considerations are downplayed
or ignored, leading to decisions that prioritize project completion over safety or quality. Pressure to conceal
information or misrepresent data can involve being asked to withhold negative test results, exaggerate a
product’s capabilities, or downplay potential risks to secure a contract, appease stakeholders, or avoid regulatory
scrutiny.

Simultaneously, engineers are susceptible to several psychological factors that can impair ethical
judgment, for example, obedience to authority — a well-documented phenomenon [19] where individuals are
inclined to comply with directives from perceived authority figures, even if those directives conflict with their own
ethical judgment or professional standards. An engineer might follow a superior's unethical instruction due to
fear of reprisal or deference to their position. Groupthink occurs in cohesive groups where the desire for
conformity and unanimity overrides realistic appraisal of alternative courses of action or critical evaluation of
ethical implications. Individuals may suppress dissenting opinions to maintain group harmony, leading to poor
and potentially unethical collective decisions.

A set of psychological mechanisms that individuals use to rationalize or justify unethical behavior, allowing
them to act against their moral standards without self-condemnation, is known as moral disengagement.
Examples include euphemistic labeling (calling bribery «facilitation fees»), advantageous comparison
(comparing an unethical act to something worse), or displacing responsibility. In large teams or complex
organizational structures, individuals may feel less personal accountability for the outcomes of collective actions,
believing that others are responsible or that their contribution is insignificant. This diffusion of responsibility can
lead to inaction in the face of ethical concerns.

Normalization of deviance is a gradual process where small, seemingly minor deviations from accepted
standards or ethical norms become accepted practice over time. Each small step away from the ideal seems
inconsequential, but cumulatively, they can lead to significant ethical lapses or even disasters, as the
«abnormal» becomes the «new normal». Understanding these intertwined organizational and psychological
dynamics is crucial to identifying and mitigating ethical risks, thereby upholding their commitment to public safety
and professional standards. As for the results of the conducted research, the primary difficulty in numerically
representing data from interviews and open-ended questions is the unavoidable loss of rich nuance and context.
The researcher must interpret and code subjective, often conditional, responses into fixed categories, a process
that inherently oversimplifies complex personal beliefs and introduces potential bias. Therefore, as this study is
a cross-sectional analysis of existing opinions rather than a psychological survey, the charts successfully fulfill
their intended purpose by providing a clear and impactful snapshot of the prevailing attitudes within each cohort
at a specific moment in time.

The interview data (Fig. 1) reveal a systematic erosion of students' stated commitment to foundational
ethical principles as they progress through their engineering education. While first-year students express near-
unanimous agreement with core ethical tenets, fourth-year students consistently show a diminished, more
cynical perspective. This suggests that exposure to the perceived realities of the profession tempers their initial
idealism and forces a recalculation of what is practically achievable versus what is ethically ideal.
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INTERVIEWS ANALYSIS

1st year M 4th year

Proactive ethical consideration requirement 70%
Prevailing of individual decisions

___70%

e 0%

Cruciality of honesty in reporting

Prevailing of public loyalties over client/employer
Data integrity as a duty

Prevailing of environmental responsibility
Whistleblowing as an ethical duty

Prevailing of public safety over cost/schedule

Fig. 1. Graphical representation of interview analysis

There is a stark decline in the prioritization of public good over other pressures. The belief that public
safety should prevail over cost/schedule drops from 90% to 60%, and that public loyalty trumps loyalty to a
client/employer fall from 70% to 40%. Similarly, commitment to environmental responsibility plummets from 80%
to 40%. This indicates that senior students are internalizing the organizational and financial pressures that often
conflict with their duty to the public. The most dramatic shift is seen in the perception of «whistleblowing as an
ethical duty», which falls from 70% among first-year students to a minority position of 30% among fourth-year
students. This aligns perfectly with previous data showing a perceived lack of support and a fear of reprisal.
Senior students have clearly learned that speaking out, while ethically correct in theory, is a personally risky and
often unsupported action in practice.

The only metric that increases is the «prevalence of individual decisions», which more than doubles from
30% to 70%. This is a crucial finding. It suggests that as students lose faith in organizational support systems
and collective ethical standards, they conclude that ethical choices are ultimately a matter of individual, isolated
struggle. They no longer see ethics as a shared, systemic responsibility but as a burden the individual must bear
alone. In conclusion, the interview analysis shows that while students may enter their studies with strong ethical
convictions, their educational journey — coupled with exposure to professional norms — systematically dismantles
this certainty. By their final year, they are less likely to prioritize the public, far less willing to act as whistleblowers,
and feel that the burden of ethical decision-making rests solely on their shoulders, highlighting a profound need
for an educational model that builds resilience and provides practical strategies for upholding ethics within
complex systems.

The data below (Fig. 2) also paints a vivid picture of a «reality check» that occurs as engineering students
progress through their academic careers. The findings strongly suggest that as students gain more knowledge
and exposure to the profession (through internships, advanced projects, and industrial practicums), their initial
optimism is replaced by a soberer and critical understanding of the ethical challenges they will face. Fourth-year
students are significantly more aware of the constant pressure in the field and the difficulty of real-life application
of ethical principles. Their education has made them more attuned to the gap between classroom ideals and
professional realities. The most telling finding is the dramatic drop in perceived «sufficiency of basic education
in ethics» from 80% to 30%. First-year students enter with faith in the curriculum, but by their final year, they feel
it has not adequately prepared them for the complexities of the real world. The shift from 40% to 0% on «effective
engineer support and protection» is alarming. It indicates that senior students have become completely
disillusioned, believing that formal systems to protect engineers who act ethically are non-existent or ineffective.

As awareness of external pressures and lack of support grows, students' confidence in their own
«effectiveness of pressure resistance» is halved. They realize that navigating ethical dilemmas will be much
harder than they initially thought. In conclusion, this data validates the hypothesis that traditional engineering
ethics education is insufficient. It shows that as students approach graduation, they increasingly recognize the
intense pressures, lack of institutional support, and practical difficulties of applying ethics, leaving them feeling
vulnerable and ill-equipped for the professional world.
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HIGHLIGHTS OF SURVEYS ANALYSIS

1st year M 4th year

Difficulty of real-life application 40%

Prevailing of unwritten rules and regulations 20%

Existance of constant pressure

Priority of society interests 60%

Sufficiency of basic education in ethics 30%

Effective engineer support and protection

Effectivness of pressure resistance 20%
Fig. 2. Graphical representation of surveys highlights

This analysis (Fig. 3) continues to reveal a troubling erosion of ethical absolutism as students advance
through their engineering education. The data indicates a consistent shift from idealistic, principle-based
decision-making among first-year students to a more pragmatic, and often ethically flexible, mindset among
fourth-year students. The most dramatic finding is in the «Substandard Component Dilemma». While 100% of
first-year students would insist on the higher moral ground even if it caused delays, this conviction drops to 60%
among fourth-year students. This signifies a major shift, where nearly half of senior students are willing to
compromise on safety or quality to meet project timelines, a clear nod to perceived industry pressures. There is
also a further significant increase in the willingness of senior students to make actively unethical choices. For
instance, the readiness to misrepresent data to avoid conflict («Altered Emissions Data») more than doubles
from 20% to 50%, and the willingness to deploy a known «Biased Al Algorithm» skyrockets from 20% to 70%.
This suggests that senior students see such compromises as a more realistic or necessary part of the job.

ETHICAL DILEMMAS ANALYSIS

1st year M 4thyear

Deploying potentially biased Al (The Biased
Algorithm Dilemma)

Reporting safety violations, risking resentment (The 20%
Workplace Safety Shortcuts Dilemma)

Developing a fully original solution (The "Inspired” 70%
Design Dilemma)

Misrepresenting data, but avoiding conflict (The
Altered Emissions Data Dilemma)

Insisting on the higher moral ground, causing 60%
delays(The Substandard Component Dilemma)

Fig. 3. Graphical representation of ethical dilemmas analysis

The «Workplace Safety Shortcuts Dilemmay provides stark evidence of how students learn to navigate
organizational dynamics. The willingness to report safety violations plummets from 60% in the first year to just
20% in the fourth year. This demonstrates that senior students have become acutely aware of the personal risks
associated with whistleblowing and are far less likely to challenge the status quo, aligning with the previous
chart's finding of a perceived lack of engineer support. In summary, this data illustrates the «theory-practice
gap» in action. Students enter their education with strong, clear-cut ethical principles. However, by the time they
are ready to graduate, their perspective has been reshaped by an awareness of professional pressures, leading
to a greater willingness to compromise on safety, misrepresent data, and stay silent about violations. This
highlights a critical failure of current education to equip students with the skills and courage to uphold their initial
ethical convictions in the face of real-world complexities.
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At the same time, more seasoned students demonstrate a deeper understanding of complex contextual
factors, moving beyond simplistic rule-following to consider stakeholder interests, societal impacts, and
unspoken professional norms. This also typically correlates with a broader range of potential solutions
considered, extending beyond immediate technical fixes to encompass communication strategies, policy
adjustments, or long-term preventative measures. Consequently, the perceived weight of consequences tends
to be more profound and far-reaching for experienced individuals, who are better equipped to anticipate
cascading effects on public safety, environmental integrity, and professional reputation, unlike novices who might
focus on more immediate or personal repercussions.

IV Discussion

Moving beyond purely theoretical instruction in engineering ethics towards more immersive, practice-
oriented pedagogical approaches is profoundly important and seems like the only right step. While
understanding ethical codes and philosophical principles provides a necessary foundation, it often fails to equip
students for the ambiguous moral landscapes they will inevitably encounter in their careers. Immersive methods
bridge this critical gap. These active learning strategies compel students to grapple with conflicting values,
stakeholder interests, and the tangible consequences of their decisions.

By engaging in these practical exercises, aspiring engineers develop crucial critical thinking, moral
reasoning, and communication skills under pressure. They learn to identify ethical issues proactively, analyze
them from multiple perspectives, and articulate justifiable courses of action. Furthermore, such approaches
foster a deeper sense of empathy and professional accountability, as students confront the human impact of
engineering choices. This practical application helps internalize ethical principles, transforming them from
abstract concepts into guiding tenets for professional conduct. Ultimately, this pedagogical shift not only teaches
ethics but also aims to cultivate engineers with a robust ethical compass, prepared to uphold public safety,
welfare, and the integrity of the profession. The recommendations below, based on the study results, ensure
future engineers are not only technically proficient but also ethically astute, ready to make sound judgments in
complex situations.

Implementing advanced Case-Based Learning (CBL) with complex and ambiguous scenarios will move
beyond simplistic right-versus-wrong cases to those mirroring real-world professional life, characterized by
incomplete information, conflicting stakeholder interests, significant uncertainties, and multiple viable (yet
imperfect) solutions. Such scenarios integrate technical complexities with socio-ethical dimensions, forcing
students to grapple with nuance [20].

Fostering direct engagement with industry professionals and incorporating structured interactions such
as guest lectures by engineers sharing their ethical dilemmas, mentorship programs, site visits, and collaborative
projects with industry or community partners. This provides students with firsthand accounts of organizational
pressures and the practical application of ethical principles, as advocated in community-engaged learning
approaches [21].

Employing interactive role-playing and simulations that design role-playing exercises where students
adopt different stakeholder perspectives (e.g., project manager, junior engineer, client, regulatory body) in an
ethical conflict can also be quite beneficial. Digital or virtual reality simulations [22] create immersive
environments where students can make decisions under simulated pressures (like time, budget, authority) and
experience their consequences in a safe space. Introducing students to various diverse established ethical
theories (utilitarianism, deontology, virtue ethics, care ethics) and practical decision-making models encourages
students to articulate their reasoning, justify their choices, and anticipate counterarguments.

It's imperative to cultivate a proactive, ethical mindset and professional identity in any student. Regular
reflective practice encourages students to critically examine their values, biases, emotional responses to ethical
dilemmas, and how these might influence their professional judgment and development of professional identity
[10]. Explicitly discussing common pressures like conflicts of interest, loyalty dilemmas, obedience to authority,
and groupthink equips students with strategies for ethical dissent, whistleblowing (and its protections or risks),
and fostering ethical leadership within teams.

Longitudinal and horizontal ethics integration shifts from isolated ethics modules to weaving ethical
considerations throughout the entire engineering curriculum, connecting them to technical subjects (e.g., safety
factors in design, data privacy in software engineering, environmental impact in materials selection), reinforcing
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the idea that ethics is integral to engineering practice. University curriculum must be dynamic, incorporating
contemporary issues and social justice implications of technology [23].

The dynamism of engineering ethics education is not only a response to changes within engineering itself
but is also profoundly shaped by the evolving societal context in which engineering is practiced. Societal values,
expectations, and challenges are not static; they shift over time, often in response to technological
advancements, cultural movements, and global events. The sheer pace of technological change, typically
described as exponential, means that new technologies with significant societal impact emerge faster than
society can fully comprehend or develop ethical and regulatory frameworks for them. This requires engineers to
engage in «anticipatory ethics» — to proactively consider the potential ethical implications of their work before
technologies are widely deployed. The pervasiveness of technology, from smartphones to loT devices, means
engineering decisions have more intimate and widespread effects on daily life than ever before, heightening
ethical scrutiny.

Engineering is an increasingly global profession. Engineers work on international projects, in multicultural
teams, and for multinational corporations. This globalization brings them into contact with diverse cultural norms,
legal standards, and ethical expectations [24]. What might be considered acceptable practice in one culture
could be ethically problematic in another, so engineering ethics education must therefore equip students with
cross-cultural competence and the ability to navigate these complex ethical terrains, understanding that
universal principles may need culturally sensitive application. This involves grappling with ethical relativism
versus universal ethical principles. There is a growing awareness of how engineering designs and technological
systems can inadvertently (or sometimes intentionally) perpetuate or exacerbate social inequalities. Examples
include biased algorithms in Al that discriminate against certain demographic groups [25] or infrastructure
projects that disproportionately benefit affluent communities while disadvantaging marginalized ones.
Engineering ethics is increasingly incorporating principles of social justice, calling for engineers to consider the
equitable distribution of benefits and burdens of their work and to design for inclusivity [26]. As the realities of
climate change, resource depletion, and biodiversity loss become more urgent, societal expectations for
environmental responsibility also shift. This has moved sustainability from a niche concern to a central ethical
imperative — the public increasingly demands that engineering solutions be environmentally sound, contributing
to a circular economy and mitigating climate impacts. Modern advances in robotics, automation, and Al are
poised to transform the labor market, potentially displacing large numbers of workers across various sectors.
This raises profound ethical questions about economic disruption, social safety nets, the purpose of work, and
the distribution of wealth generated by these automated systems [27]. Engineers developing these technologies
are not isolated from these societal impacts. Ethical considerations include designing Al systems that augment
rather than simply replace human capabilities, considering the retraining and societal adjustments needed, and
engaging in public discourse about the future of work in an increasingly automated world.

The validity of the hypotheses proposed in the Introduction is strongly supported by the results of this
study. Indeed, traditional ethics education, while strong in principle, demonstrably leaves a significant gap
between theory and practice. It can be increasingly perilous amidst escalating pressures from technological
acceleration, global competition, and complex organizational dynamics. Consequently, even 4th-year students
are often ill-equipped to navigate the nuanced ethical dilemmas they encounter in their professional lives.
Current pedagogical models (static presentation of the content of the codes of conduct and superficial
consideration of known disasters) are confirmed to inadequately address the critical organizational,
psychological, and systemic factors that heavily influence decision-making. Engineers often face conflicts
between their professional duties, corporate pressures, and personal values, with no clear tools to resolve them.
The direct result is an increased risk of public harm, environmental damage, and a significant erosion of trust in
the profession. Therefore, the call to change engineering ethics education is not merely academic but an urgent
professional necessity. Integrating methodologies such as CBL (Case-Based Learning), GVV (Giving Voice to
Values), and active role-playing scenarios is therefore essential, as these are the very tools that cultivate
engineers who possess not just theoretical knowledge but the practical wisdom and courage to apply ethical
principles under real-world pressure.

28



ISSN 2307-9770. Engineering and Educational Technologies, 2025, 13 (2), 18-30.
CC-BY © KrNU, EETECS, Priliepo, N., Borovyk, O., 2025

V Conclusion

This study’s empirical results confirm and quantify a deeply concerning trend: the systematic erosion of
ethical commitment as student progress through their engineering education. The findings starkly illustrate that
while students enter their studies with strong idealistic convictions, they graduate with a more cynical, pragmatic,
and ethically flexible mindset. This is evidenced by a precipitous drop in their willingness to prioritize public safety
over project constraints, a profound fear of whistleblowing, and a growing readiness to make unethical
compromises such as misrepresenting data or deploying biased Al. This quantifiable decline directly validates
the study's central hypothesis and goes beyond the widely accepted notion of a «theory-practice gapy; it charts
the very process of its formation.

These findings directly refute the implicit theory that a knowledge-based education centered on abstract
principles and codes is sufficient to ensure ethical practice. Instead, this research lends powerful support to
theories from social psychology and organizational behavior, demonstrating that perceived situational pressures
—such as lack of institutional support and fear of reprisal — are dominant factors in shaping professional ethical
decision-making. The scientific novelty of this work lies in its empirical demonstration of this «ethical
disillusionment», moving the academic discourse from a theoretical problem to a measurable educational failure.
It advances scientific knowledge by showing that students are not merely becoming more «realistic» but are
internalizing a sense of isolation and concluding that ethics is an individual burden rather than a shared
professional responsibility.

The practical significance of these results is profound and urgent. They provide a clear mandate for a
fundamental change from passive instruction toward active, experiential learning. To be effective, engineering
ethics education must explicitly address and simulate the organizational and psychological pressures students
will face. The results can be used to design curricula that integrate high-fidelity case studies, role-playing
scenarios focused on navigating conflict, and strategies for building moral courage and ethical resilience. For
future research, this study lays the groundwork for longitudinal studies to track the real-world behavior of
graduates from these reformed programs and for comparative analyses across different institutional settings to
refine these crucial pedagogical interventions further.
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Abstract. The work goal to develop a methodology for creating tests that assess students' learning outcomes in the
context of studying programming fundamentals, particularly at the secondary school level. This methodology is
designed to provide both adaptability to individual learning trajectories and high precision in knowledge assessment.
The research is based on the combination of Classical Test Theory (CTT) and Item Response Theory (IRT). While
CTT allows for the creation of traditional, easily implementable tests based on correct answer counts, IRT enables
adaptive testing by aligning task complexity with students’ knowledge levels. A conceptual testing model has been
developed that includes learning objectives, content structuring, measurement systems, adaptive mechanisms, and
dynamic learning object modeling. The model uses a combination of student performance data and learning ability
parameters to assign optimal learning trajectories. The authors developed a modular adaptive system for test
generation and student monitoring. It includes an integrated feedback mechanism, allows for measuring learning
progress dynamically, and generates personalized test content. The implemented software determines reliability
metrics, estimates errors, and adjusts difficulty levels during testing based on real-time responses. The novelty of the
approach lies in its integration of IRT theory into school-level education through a formalized model of the student as
a learning object. The model includes dynamic parameters, such as individual learning potential and performance
trends, allowing personalized learning path generation. The proposed solution bridges the gap between traditional test-
based evaluation and modern adaptive learning technologies. The methodology can be applied in secondary education
to enhance the effectiveness of programming instruction. It enables precise diagnostics of student achievements,
supports differentiated instruction, and allows for monitoring the learning process in real time. The developed tool can
be used by educators to automate testing, evaluate student progress, and tailor instruction to individual needs.

Key words: educational testing, adaptive testing, learning object model, student assessment, individualized learning,
educational technology, knowledge evaluation.

P03p06Ka MEeTOAUKMN CKNafaHHA TecTiB npu BWBYEHHi OCHOB nporpaMyBaHHA

Oxkcanuny I. T., HockoB B. O., Benbcbka B. 10.

KpemeHuyLibkuin HaLioHanbHui yHiBepcuTeT iMeHi Muxaiina OcTporpagckkoro, KpemeHuyk, Ykpaia

AHoTauis. [onoBHa 3agaya poboTu nonsrae y po3pobLi METOAONOrii CTBOPEHHS! TECTIB ANS OLHIOBAHHS pe3ynbTaTia
HaBYaHHS YYHIB y KOHTEKCTi BUBYEHHS! OCHOB NpOrpaMyBaHHs, 30KpeMa Ha piBHi CepeaHboi Wwkonu. Lis metogonoris
po3pobrneHa 3 MeTot 3abe3neyeHHs Sk afanTUBHOCTI 4O iHAMBILYanbHUX TPAEKTOPII HABYaHHS, TaK i BUCOKOT TOYHOCTI
OL{iHIOBaHHS 3HaHb. [locnimkeHHs 6asyeTbCs Ha NOeAHaHHI knacuyHoi Teopii TecTyBanHs (CTT) Ta Teopii Bignosiai Ha
nutanHs (IRT). CTT po3sonsie CTBOpIOBATY TPAAMLiHI, NIErko peanisoBaHi TECTU Ha OCHOBI MiApaXxyHKy NpaBuIbHUX
Bignosizgei, a IRT fae MOXNMBICTb NPOBOAMTY afanTUBHE TECTYBAHHS, Y3rOMKYHOUN CKNaaHICTb 3aBAaHb i3 piBHEM
3HaHb YYHiB. Po3pobneHo KoHLenTyanbHy MOAenb TECTYBaHHS, L0 BKITOYAE LjifTi HABYAHHS, CTPYKTYPYBaHHS 3MICTY,
CUCTEMW BUMIPKOBaHHS!, aflanTWUBHi MeXaHi3Mu Ta AMHaMiyHe MOAENtoBaHHs 06'ekTiB HaB4aHHs. Moaenb BUKOPUCTOBYE
MOEAHAHHS JaHWX MpO pesynbTaTi YYHIB Ta napameTpiB HaBYarbHUX 34i6HOCTEN AN MPU3HAYEHHS OMTUMAmbHUX
TpaeKTOpil HaB4YaHHs. ABTOPY PO3pobuM MoLyNbHY afanTUBHY CUCTEMY ANSi CTBOPEHHS TECTIB Ta MOHITOPUHTY YYHIB.
BoHa BKkntoyae iHTErpoBaHuin MexaHiam 3BOPOTHOrO 3B'A3Ky, 403BONSE AMHAMIYHO BUMIPIOBATM NPOrpec y HaBYaHHi Ta
reHepye NepcoHaniaoBaHmin amicT TecTiB. BnpoBamxeHe nporpamHe 3abe3neyeHHs BU3Ha4Yae NOKa3HUKKM HaZinHOCTI,
OL{iHIOE MOMUITKM Ta KOPUTYE PiBHI CKNAagHOCTI Nif Yac TeCTyBaHHS Ha OCHOBI BiANOBiAeN y peanbHOMy Yaci. HoBu3Ha
nigxopy nonsrae B iHTerpauii Teopii IRT B WKinbHY OCBITY 3a AoMoMorow (opmanisoBaHoi Mogeni yuHs Ak ob'ekTa
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HaBYaHHS. Mogenb BKMOYaE OMHAMIYHI mapameTpu, Taki K iHAMBIAyanbHWA HaBYaNbHUA MOTEHUian i TeHOeHLi
YCMILLHOCTI, L0 A03BOMSIE CTBOPHOBATM iHAMBIAyanbHi HaBYambHi TpaekTopii. 3anponoHOBaHE PilleHHS 3anOBHIOE
NporanuHy Mix TPagWUiNHOK OLHKOID Ha OCHOBI TECTIB Ta CYYaCHWMM afanTWBHUMKU TEXHOMOMSAMM HaBYaHHS.
MeToponoris Moxe 6yTu 3acTocoBaHa B CepefHil OCBITi ANS MigBMLLEHHS ePEKTUBHOCTI HABYaHHS MPOrpaMyBaHHIo.
BoHa [03B0ONsie NpoBOAUTH TOUHY AiarHOCTUKY AOCSAMHEHb YYHIB, NiATpUMYE AudepeHLiioBaHe HaBYaHHA Ta [ae
MOXIMBICTb MOHITOPUTW MPOLEC HABYaHHA B PEXWMI peanbHOro yvacy. Po3pobreHuit iHCTpyMeHT Moxe OyTu
BUKOPUCTaHUI BUKNafadyaMmu 4ns aBToMaTu3allii TeCTyBaHHS, OLiHKM MpOrpecy Y4HiB Ta apanTalii HaBYaHHS 4O
iHOMBIgyanbHUX noTpeb.

KntoyoBi cnoBa: OCBITHE TeCTyBaHHS, afanTuBHE TECTYBaHHS, MOAENb HaBYamnbHUX OO'EKTIB, OLHIOBAHHSA YYHIB,
iHOMBiAYanisoBaHe HaBYaHHs!, OCBITHI TEXHOSOTIT, OLHIOBAHHS 3HaHb.

| Introduction

Currently, a new education system is being established, focused on entering the global information and
education space [1, 2]. This process is accompanied by significant changes in pedagogical theory and practice
of the educational process, which are associated with adjustments to the content of teaching technologies that
must be adequate to modern technical capabilities and contribute to the harmonious integration of children into
the information society. Computer technologies are destined to become an integral part of the holistic
educational process, significantly increasing its effectiveness. Therefore, today it is impossible to imagine the
educational process without the use of computer technologies [3, 4].

Multimedia allows you to effectively demonstrate educational material. The ability to use images, text,
sounds, and other visual effects makes information more vivid and interesting to study. Organizing classes using
multimedia allows you to clearly demonstrate the capabilities of the software and save time, intensifying the
study of educational material [5, 6, 7].

The main advantages of teaching children computer technology are as follows [8, 9, 10]:

— multimedia resources can be used to simulate various situations; such programs often include game
components that enhance children's cognitive abilities and improve their perception of the material;

— the effect of visualization is achieved through the use of interactive graphics and animation systems;
these technologies allow you to achieve results that cannot be achieved with a conventional textbook;

— computer technology in education allows you to individualize the learning process, making it more
attractive and meaningful.

Thus, information technologies allow intensifying the learning process, making it more interactive and
increasing the speed of information perception, as well as improving information processing skills. The use of
information technologies makes it possible [11, 12, 13]:

1. Implement an interactive approach.

2. Increase students' cognitive activity through a variety of video and audio information.

3. Monitor progress using tests and self-assessment questions.

4. Improve students' independent information processing skills.

Success in learning largely depends on how understandable the learning material and tasks are to the
student at a certain stage of learning. One of the components of success is understanding and assimilation of
learning material. It is no secret that nowadays many children prefer computer games to learning the basics of
science.

The following software products are widely used in school-level programming education [14, 15, 16]:

1. Scratch is based on the ideas of the Logo programming language and Lego construction sets. Using
scripts presented in the form of puzzles, users can program movement and speech, change appearance, and
respond to user actions.

2. Blockly is a free resource developed by Google in 2012. It is a visual programming environment that
allows users to write programs by combining blocks of code with each other. The training consists of a series of
games designed to teach children to solve interesting and complex puzzles. The code they write using blocks is
instantly converted to JavaScript, Python, PHP, Lua, Dart, and XML.

3. In Code Combat [8], students write code starting from the first level of the game and see their changes
updated in real time. This helps them quickly master syntax and teaches them to write competent code.

Based on this, a study and analysis of existing educational games and simulators was conducted. In the
course of this, it was found that such software products exist, but in our opinion, there is very little educational
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material. There is even less material that teaches practical skills to schoolchildren with the possibility of learning
and testing, as well as the possibility of solving various tasks.

Therefore, the urgent task is to develop a method and models for assessing learning outcomes through
testing in the context of learning the basics of programming.

The purpose of the work is to improve the effectiveness of assessing students' knowledge in programming
fundamentals by developing and implementing an advanced test design methodology, which allows to enhance
the precision, adaptability, and individualization of the testing process through the integration of modern
educational technologies and psychometric approaches such as Classical Test Theory and Item Response
Theory.

Il Materials and Methods

There are many methods and approaches to testing students' knowledge levels. However, over the past
80 years, classical testing theory and response theory have remained the most widely used.

In school education, classical testing theory (CTT) has traditionally been the basis for creating and
evaluating educational tests. It assumes that each student has a certain “true score” that we try to measure with
atest [17]. CTT evaluates results based on the total number of correct answers and also uses indicators such
as test reliability, average score, standard deviation, etc. This approach is widely used in daily school
assessment, as well as in internal control works and thematic tests.

In lower grades, particularly in grades 5-6, CTT remains popular due to its simplicity and accessibility. It
is easy for teachers to use it to create tests, check students' knowledge, and assign grades. All that is required
is to count the correct answers. This approach allows you to quickly get an idea of the level of mastery of the
material in the class, as well as identify topics that need to be reviewed. In addition, CTT testing does not require
complex software or statistical processing, which is a significant advantage in conditions of limited resources.

However, classical theory has its limitations. It does not consider the characteristics of individual tasks,
and student results depend largely on the specific set of questions. In addition, CTT does not allow for the
creation of adaptive tests or the accurate tracking of individual student progress over time. Despite this, it
remains a reliable and convenient tool for basic assessment in schools, especially at the primary and secondary
levels [18].

ltem Response Theory (IRT) is a modern methodology that allows for the accurate measurement of
students' knowledge, skills, or other characteristics based on their responses to individual tasks. It began to
develop actively in the mid-20th century as an alternative to classical testing theory, thanks in particular to the
work of scientists such as Frederick Lord and Georg Rasch. The main idea of IRT is that the probability of a
correct answer depends both on the student's level of preparation and on the parameters of the task itself (for
example, its complexity and ability to “distinguish” between students with different levels of knowledge) [19].

In school education, IRT is actively used not only in large standardized tests, but also in testing younger
students, particularly those in grades 5-6. For example, when assessing reading and math literacy, this method
allows teachers to obtain more accurate information about each child's level of preparation. Thanks to IRT, it is
possible to develop adaptive tests that automatically adjust to the student's abilities: if a child answers a question
correctly, the next one will be a little more difficult, and vice versa. This reduces stress and overload for students,
as the tasks correspond to their level, and also increases their motivation to complete the test.

This approach allows not only to give a grade, but also to gain a deeper understanding of each student's
strengths and weaknesses, which is especially important in primary and secondary school, when the foundation
for future learning is being laid. In addition, the results obtained using IRT are easy to analyze in dynamics —
they allow you to track the progress of an individual student or an entire group throughout the school year.

At the same time, the use of IRT in a school context has certain difficulties. Creating tests using this
methodology requires a large amount of statistical data and special software, which may not be available in
some educational institutions. In addition, teachers are not always familiar with the principles of IRT, which
complicates its use on a daily basis. Despite this, IRT is increasingly being introduced into school practice as a
tool for more flexible and accurate assessment of student achievement.

In school practice, especially in grades 5-6, the traditional test-making method is the most common.
Teachers use it to create tests and independent assignments, thematic surveys, or review tests after studying a
topic. Tasks are selected in accordance with the curriculum, most often from textbooks or their own work. Such
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a test usually contains multiple-choice questions, matching tasks, or short-answer questions. The main goal is
to check how well the student has mastered the specific material.

The advantage of this approach is its simplicity and speed of implementation. The teacher independently
creates the test, focusing on the level of preparation of the class, and assessment is usually based on the
number of correct answers. In grades 5-6, this format is convenient because students are not always able to
work with complex or analytical tasks, and it is easier for them to answer clear, specific questions. The traditional
method also allows for flexible variation of tasks depending on the class and learning situation.

The IRT-based method is less commonly used in secondary schools, but is gradually being introduced
into the assessment of educational outcomes at the state or regional level. Such tests are often conducted online
or in the form of notebooks, where different students may have different sets of tasks.

The advantage of this approach for schools is more accurate and flexible assessment, which allows
them to identify not only overall performance but also the strengths and weaknesses of each student. For
example, two students may have the same grade on a topic, but one performs well on basic tasks, while the
other performs well on more complex ones. IRT research helps schools and teachers better plan their future
work: who needs help, who needs additional workload [20].

Although IRT tests require more organizational effort to implement, they are gradually becoming part of
school assessment practices, especially when it comes to monitoring the quality of education rather than just
assessing a subject or semester. In the future, these two approaches may complement each other: traditional
methods for teachers' daily work and IRT for systematic assessment and support of students' individual learning
paths.

lll Results

To implement a set of adaptive testing procedures, it is necessary to define a conceptual model that
describes the functional units of the system as a whole. We propose a model consisting of the following blocks.

Learning objectives block. Learning objectives determine the success of the learning process. Therefore,
their content and specific formulation are the most important steps in the technological design of the learning
process. When setting learning objectives within a subject, the main task is as follows: for each section and topic
of the curriculum, the teacher must determine the degree of success in mastering the necessary knowledge,
skills, and Learning objectives can be formulated using a system of requirements for the quality of knowledge.
Objective and adequate measures of learning success — tests, assignments, exercises, control tasks, control
works, computer modeling — can be used at all levels of the hierarchy of learning goals.

Content block. The educational cycle should ensure consistent orientation of learning towards the set
goals. Thanks to this structure, the learning process becomes ‘modular” in nature, allowing for maximum
consideration of rapid changes in content and differentiation among students.

Measurement block. The mathematical model of adaptive knowledge control determines the level of
student learning depending on the complexity of the tasks. The theoretical basis of adaptive control is IRT theory
combined with the didactic principle of individualization of learning. The goal of student differentiation is served
by the construction of individual curves based on the two-parameter Rasch model.

One of the most significant advantages of IRT is the measurement of student parameter values and test
tasks on the same scale, which allows the level of knowledge of any student to be correlated with the degree of
complexity of each test task [15]. It is on this property of parameter and task assessments that the organization
of modern adaptive knowledge control is based.

Adaptive learning block.

1) Learning models.

Information technologies have a decisive impact on all stages of the learning process: from providing
students with knowledge, skills, and abilities to monitoring their assimilation, while ensuring such important
characteristics of learning as quality, selectivity of material, consideration of individuality, constant monitoring
and self-monitoring of material assimilation, and high efficiency of teacher resource utilization.

2) Pedagogical technologies.

A technological approach to the learning process guarantees the achievement of the set learning goals.
Operational feedback, which permeates the entire learning process, is the basis for the consistent orientation of
learning towards its goal. Thus, the distinctive features of the technological design of the learning process are:
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— specifying learning objectives in the cognitive domain, developing learning units as benchmarks for the
assimilation of learning material by all students in the class;

— creating a system of assessment tests (diagnostic tests, adaptive tests);

— selection of quick test verification tools (computer programs);

— preparation of special corrective methods (short specific texts containing the necessary theoretical
information, simulators);

— additional tasks, repeat tests.

It is important to know whether the student has memorized or mastered the basic minimum. The rest of
the material is studied with a focus on involuntary memorization, which expands the capabilities of each student
engaged in active creative activity.

This makes it possible for a given student to choose a set of test tasks appropriate to their level. This
process requires computer technology for creating and storing tests, conducting testing, and processing test
results. A program has been created to process test results, allowing parameters such as reliability,
measurement error, correlation, etc. to be determined.

3) Effective test measures allow the level of learning of each student to be determined after studying a
course module and the individual dynamics of the student's development to be determined after completing the
entire course.

Monitoring system block. By monitoring in the “teacher-student” system, we mean a set of control and
diagnostic measures determined by the purpose of the learning process and providing for the dynamics of
students' mastery of the material and its correction. In other words, monitoring is a continuous control activity in
the teacher-student system that allows observing (and adjusting as necessary) the student's progress from
ignorance to knowledge. Monitoring is the regular tracking of the quality of knowledge and skill acquisition in the
learning process.

Monitoring differs from conventional knowledge assessment in that it provides teachers with immediate
feedback on the level of students' mastery of the required learning material. The monitoring system includes the
creation of tools for assessing knowledge and skills and corrective methods focused directly on the student's
personality, considering their individual achievements in the learning process.

One of the most important aspects of the computerized learning process is the interaction between the
student and the learning system. To create an effective computerized learning system, the following models
must be developed:

— learning object model;

— course content model;

— course mastery model;

— testing model.

The learning object model is one of the basic components of adaptive computer systems. It contains
sufficiently complete information about the learning object, i.e., the student, namely: their level of knowledge,
skills, and abilities, learning ability, individual characteristics (personality type and orientation, memory
characteristics, attention, temperament, character, and degree of motivation for the subject being studied), and
other parameters. The model is dynamic, i.e., it changes during testing, during the operation of the system.

Bci napametpu moaeni 06'ekTy HaBYaHHS! MOXXHa PO34iNUTYL Ha ABi CKNaoBi:

MO, = {MOy, MO,}. (1)

The MOg component is a system of mandatory parameters for the learning object model. This
component of the model is processed automatically by the system. Its use facilitates work with the tools and
reduces development time. The second component of the MOp contains a system of parameters that is
determined by user behavior when solving a complex problem. These parameters can vary significantly for
different users in the system.

Let's define the list of model parameters. To study any training course, a certain initial potential of
knowledge, skills, and abilities is required, which the learning object must possess. Let us denote the integral
numerical assessment of the student's initial potential as Z. Representing the process of knowledge
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accumulation as the accumulation of information potential d; over the time interval between two training-testing
sessions d ,, we write:

d;=P(I,-Z)d, 2)
where I, is information capacity of a computer system, P is parameter “ability to learn”.
Hence,
d;
B (Ip - Z)dr, @)

In turn, the parameter “ability to learn” can be discretized on a fuzzy scale with a set of values “low”,
‘medium’, “high”™:

P = {L,M,H)}.
Then, the set of possible initial states of the learning object is the Cartesian product of the sets Z and P:
ZxP = {(L,L),(L,M),(L,H),(M,L),(M,M),(M,H),(H,L),(H,M),(H,H)}. (4)

As a result of the initial assessment, it can be determined that at the beginning of a new course, a
student is in one of the possible initial states defined by the elements of the set ZIP. This set has nine elements,
so at least as many learning trajectories should be provided for in the course.

Then each student can be included in one of nine groups with a given individual learing trajectory,
which determines the initial settings and is the basis for further work with the learning object. After dividing the
students into groups according to their initial data, it is necessary to determine the learning objectives and a
subset of the material to be studied for each of these groups. Thus, different models of the learning object will
correspond to different models of content and mastery, each of which will have a final goal. The final goal of the
training course is the knowledge, skills, and abilities that the student must acquire in the learning process in
accordance with the educational program.

Considering the above, a formal description of the learning object model can be represented by a tuple
of the form:

MO =< Z,P,TH,PAT >, (5)

where TN is the selected learning trajectory (a set of content and learning models), PAT is the learning trajectory
adjustment procedure.

Testing allows you to determine the value of parameter P and select the learning trajectory TN in the PAT
trajectory adjustment procedure.

Parameter P is an additive criterion that considers weighted assessments obtained from the analysis of
answers and their comparison with the knowledge of an expert used in solving the proposed tasks.

Based on the test results, the learning object model is adjusted. For example, if a student answers test
questions correctly during adaptive testing, the difficulty of subsequent tasks increases; if they answer
incorrectly, the difficulty decreases. In addition, adaptive tests include additional questions on topics that the
student does not know very well in order to more accurately determine their level of knowledge. The achievement
of the final learning goal is verified by means of a final test, which is compiled in accordance with the working
program of the training course.

The presented methodology was implemented in the software application “Automated learning system for
studying the basics of programming” (Fig. 1). The app is available in Ukrainian, as it is aimed at students in
Ukrainian schools.

Creating tests consists of two parts. In the first part, the teacher enters the name of the test, the maximum
score that can be obtained, the number under which the test will be displayed in the topic, and the topic to which
it will relate. In the second part, the teacher opens the test editor, in which they specify the number of questions,
the number of answers for each question, and which answers are correct.
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Teu " it
0BHoBMTA II‘ E LoBasutn

BeeaenHs B C# | Tunu gaHnx 3anuTaHHA

Beeaenna B C¥ Ak CTBOPHUTH i A MacuB
BAAaAUTM SaNUTaHHS
inHi v ABHAX

MpaeuneHa |int[]x={{0,34,2}.{3.4.5}}%
Henpaeunska |int[] x = new int(1, 5) ;

YMOBHI onepaTopu i LMK
HenpagunsHa |int[] x = new int[1][1];

YuosHi onepatopu

E MpagunsHa int[] x = new int[1, 1]
He 33B42HHA N0 YMOBHIM On

3asepuii pegarysaHn

Fig. 1. Test question creation page

IV Discussion

The implementation of testing methodologies based on both Classical Test Theory (CTT) and Item
Response Theory (IRT) reveals a number of practical and pedagogical implications. CTT, being simple and
accessible, is well-suited for day-to-day classroom activities, especially in lower grades. However, its limitations
- such as the inability to account for task complexity or learner variability — necessitate more advanced
approaches in modern educational environments.

IRT, on the other hand, offers deeper insights into student performance by considering both the difficulty
of test items and the proficiency level of each student. Its use allows for adaptive testing, which aligns more
closely with learners' individual capabilities. The results of our study confirm that applying IRT principles in
adaptive testing not only enhances test accuracy, but also increases student motivation and reduces test anxiety
by providing balanced and personalized challenges.

However, the integration of IRT-based systems in secondary education poses organizational and
technical challenges. These include the need for specialized software, statistical analysis tools, and teacher
training. Despite these barriers, the benefits of adaptive systems — such as individualized learning paths and
real-time monitoring — outweigh the implementation effort.

Furthermore, the proposed conceptual model, which includes content, measurement, and feedback
components, promotes a systematic approach to learning and testing. It fosters a cycle of continuous
improvement where feedback directly informs teaching strategies and student support. Thus, the hybrid uses of
CTT and IRT enhances the assessment process, making it more informative, student-centered, and
pedagogically effective.

V Conclusion

The study presents a comprehensive methodology for developing educational tests aimed at improving
the quality of student assessment in the context of programming fundamentals. By combining traditional and
adaptive testing approaches, the proposed solution addresses the limitations of conventional evaluation systems
and introduces an individualized, technology-driven testing environment.

The designed model incorporates learning objectives, content modules, adaptive control mechanisms,
and a detailed monitoring system. These elements are unified under a dynamic model of the student as a
learning object, which enables precise identification of knowledge gaps and selection of optimal learning
trajectories. This significantly improves both the reliability and diagnostic value of the testing process.

The application of IRT principles plays a key role in advancing adaptive testing. By correlating task
difficulty with student proficiency, the system ensures fairness and effectiveness in assessment. This leads to
better-informed pedagogical decisions and supports the personalization of learning experiences. The developed
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software tool automates test generation, analysis, and feedback, making it a practical resource for educators in
everyday teaching.

Ultimately, the research confirms that adaptive testing not only enhances the accuracy of knowledge
evaluation, but also actively contributes to improved educational outcomes. The methodology can be adapted
for different subjects and levels of education, making it a scalable and sustainable solution for modern schools.
Future work will focus on refining the adaptive algorithms and expanding the system for broader application.
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Abstract. The purpose of the work is to develop a web-based mnemonic training system tailored for business company
employees. The system aims to improve the memorization, processing, and reproduction of business-specific
information, particularly for employees in customer service and sales. The work applies a twofold approach: design
and development of a flexible web-based application and the theoretical formulation of its underlying architecture and
user roles. The platform includes modules for user registration, training course administration, test generation, result
tracking, and statistical analysis. The system model is described using set theory and includes interactive and adaptive
interfaces, secured access, and individual training history. The developed system offers functionality for mnemonic
training management; test creation, group formation, performance tracking, and data visualization. It supports
multimodal information input (visual, verbal, associative) and applies gamified and adaptive techniques. It allows
personalized feedback and provides mentors with analytical tools to monitor user progress. Unlike existing mnemonic
tools that focus on isolated techniques or experimental applications, this system integrates classical mnemonic
methods with modern web technologies in a scalable and user-oriented framework. It enables corporate training
environments to incorporate memory development techniques seamlessly. The system can be implemented in real
business settings to enhance staff performance, reduce error rates, accelerate employee onboarding, and foster
continual professional growth. It is applicable across departments and adaptable to different knowledge domains within
a company, contributing to improved efficiency of business processes.

Key words: information technology in education, professional training, corporate education, gamification, mnemonic
training.

Po3pobka Be66azoBaHOI CMCTEMU MHEMOTPEHIHTY NpauiBHUKIB Gi3Hec-
KOMNaHin

Icromina H. M., Batiok 1. C.

KpemeHuyLbkuit HavjoHanbHUi yHiBepcuTeT iMeHi Muxaiina OcTporpaackkoro, Kpemeruyk, Ykpaia

AHortauis. Metoio pobotn € po3pobka Be6-0pieHTOBaHOI MHEMOHIYHOI CUCTEMW HaBYaHHS 47151 npaLiBHUKiB bi3Hec-
koMnaHiin. Cuctema cnpsiMoBaHa Ha MoKpaLLEHHs 3anam'sToByBaHHsl, 00p0obkmM Ta BigTBOpPeHHS BisHec-cneumndivHoi
iHdbopmaLji, 3okpema, Ana npauiBHUKIB cdepu 06CRyroByBaHHS KMieHTIB Ta npogaxis. Y poboTi 3acTocoBaHo
NOABIHWA Niaxia; NPOEKTYBaHHs Ta Po3pobka rHyukoro Be6-goaaTky i TeopeTudHe hOPMYIOBaHHS 1oro 6a30Boi
apxiTekTypu Ta pornei kopucTyBauis. Mnatdopma BkloYae Moayni Ans peecTpaLii KopUCTyBauiB, aaMiHICTPyBaHHS
HaBYasbHUX KYPCiB, reHepaLlii TECTIB, BiACTEXEHHS pe3ynbTaTiB Ta CTaTUCTUYHOTO aHanidy. Mogens cucTemu onmcaHa
3 BUKOPUCTaHHAM TEOPii MHOXMH i BKIIOYAE iHTEpaKTUBHI Ta afanTuBHI iHTEpdencH, 3axuiieHun JocTyn Ta
iHOMBIgyanbHy iCTOpi0 HaB4aHHS. Po3pobneHa cuctema NponoHye (PYHKUiOHAN AN ynpaBMiHHA MHEMOHIYHAM
HaBYaHHSAM: CTBOPEHHS TECTIB, (POPMYBaHHS rpyn, BIACTEXEHHS YCMILUHOCTI Ta Bisyanisauji faHux. BoHa nigTpumye
MynbTUMOZanbHe BBedeHHs iHdopmauii (BidyanbHe, BepbarbHe, acouiaTMBHE) i 3acTOCOBye reiMicpikoaHi Ta
apantuBHi Metogu. BoHa 3abesneuye nepcoHanisoBaHWi 3BOPOTHIA 3B'A30K i Hagae MeHTOpaM aHamiTU4Hi
iHCTPYMEHTU ANs MOHITOPUHTY Mporpecy kopucTyBauyiB. Ha BigMiHy Bif iCHYKUMX MHEMOHIYHUX iHCTPYMEHTIB, AKi
30CepeMKeHi Ha i30Mb0BaHX TEXHikax abo eKCnepUMEHTaNbHIX JoAaTKaX, Lisi CUCTEMA iIHTErpYe KnacuyHi MHEMOHIYHI
MeToau 3 Cy4acHUMM Be6-TexHONorisMM B MacluTaboBaHil | opieHTOBaHiI Ha KopuUCTyBaya CTpyKTypi. BoHa fo3sonse
KOpnopaTUBHIM HaBYambHWUM CepepoBuLLam Oe3nepeLkogHo BpoBamKyBaTh METOAM po3BuTKy nam'ati. Cuctema
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Moxe OyTu BnNpoBageHa B peanbHux DisHec-cepenoBuMax NS MigBMLLEHHS edheKTMBHOCTI poboTn nepcoHany,
3HVXKEHHS PiBHSI MOMUITOK, MPUCKOPEHHS aganTaLji cniBpoBITHMKIB | CNPUSIHHSA NOCTIiHOMY NMPOMECIHOMY 3pOCTaHHIO.
Bonxa moxe GyTu 3actocoBaHa Y BCiX Biaginax i agantoBaHa [0 Pi3HWX rany3eit 3HaHb y KOMMaHii, Wo cnpuse
NiABULLEHHIO eheKTUBHOCTI Bi3HeC-NpoLeciB.

KniovoBi cnosa: iHthopmaLliiHi TexHoMorii B OCBITI, NpogeciiiHe HaBYaHHS, KopnopaTWBHa OCBITa, renMidikallis,
MHEMOHiYHE HaBYaHHS.

I Introduction

In today's information society, the ability to quickly and efficiently process, store, and reproduce large
amounts of information is critically important. This applies to both formal education systems and professional
training based on intensive knowledge acquisition. At the same time, numerous studies show that traditional
forms of memorization are ineffective in the context of the modern load on human cognitive resources [1, 2, 3].
One promising solution is the introduction of mnemonic training — a system of exercises based on the use of
mnemonics (methods of encoding information into easily reproducible forms).

It has been scientifically proven that regular use of mnemonics activates long-term information retention
processes, promotes neuroplasticity, and increases memory performance [4]. In particular, training using the
loci method (memory palace) changes the functional networks of the brain, bringing them closer to the neural
patterns’ characteristic of memory champions [5]. Despite this, most well-known mnemonics require special
mastery, independent formation of associations, and visual imagination, which can be difficult for users without
cognitive training or motivation.

In this regard, there is a need to develop information technology that would automate and personalize the
process of mnemonic training. Such an approach not only lowers the barrier to entry but also makes the
technology scalable for a wide range of users. For example, in [6], a system for the automatic generation of
verbal and visual mnemonics for vocabulary learning using artificial intelligence models is proposed. The
participants in the experiment demonstrated better results in memorization compared to traditional methods.

Another promising direction is the generation of mnemonics using music. Study [7] presents the KoroT
3E platform, which creates personalized musical mnemonics for complex concepts in computer science. This
approach combines emotional reinforcement with multichannel learning and contributes to a significant
improvement in memory [8].

The study [9, 10, 11] also notes the effectiveness of digital platforms that integrate mnemonics into the
educational process using ICT, especially in combination with visualization, serious games, and adaptive
learning.

Special attention should be paid to review [10], which proposes the use of AR/VR environments to
increase user engagement in the process of mnemonic training. This confirms the feasibility of combining
classical principles of mnemonics with modern visualization tools and artificial intelligence, which forms the basis
for the creation of innovative information technology.

Thus, the development of information technology for mnemonic training is relevant in both theoretical and
practical terms. Its development will allow for the implementation of individual learning trajectories, the
automation of effective mnemonics, and a high level of user motivation through gamification, adaptation, and
multimodality.

At the same time, the development of information technologies, in particular artificial intelligence systems,
adaptive learning, gamification, and augmented reality, opens up new opportunities for automation,
personalization, and scaling of the mnemonic training process [12, 13, 14, 15]. There are isolated examples of
such solutions being implemented — for example, a system for automatically generating mnemonics using
language models — but the existing solutions are mostly experimental and do not cover the full cycle of memory
training with the integration of user data, progress, feedback, and flexible adaptation to the user's learning style.

Thus, the problem of developing universal and accessible information technology that combines the
advantages of classical mnemonics with the capabilities of modern digital solutions to ensure purposeful,
adaptive, and effective memory training remains unresolved today [16, 17, 18]. Such technology should consider
the cognitive characteristics of users, ensure the automatic creation of mnemonic associations, support
multimodal information presentation, and stimulate motivation through game mechanics and progress
visualization [19, 20].
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This paper focuses on a narrower subject area: the use of mnemonic training in the preparation of
company employees.

In today's highly competitive and rapidly developing service sector, a company's success largely depends
on the quality of customer service, the speed of decision-making, and the professional training of its staff.

One of the key factors for effective employee performance is a well-developed memory and the ability to
quickly memorize, process, and reproduce information. This is especially true for sales managers and
employees who work with a large number of customers, documentation, product items, and lease terms.

The web-based memory training system allows employees to regularly train different types of memory
(working, associative, visual, etc.) in a convenient online format without interrupting their main activities. Its
flexibility and accessibility promote an individual approach to learning, increase motivation for self-development,
and allow exercises to be adapted to the specifics of the company - for example, using its own products, terms,
or situational models in training tasks. Understanding and using the basic principles of mnemonics in a virtual
environment can significantly improve learning efficiency, increase memorization, and promote the sustainable
development of cognitive skills. In this context, the mnemonics training system becomes an essential tool for
learning and development that meets the needs of the modern educational process.

The implementation of such a system will contribute to improving the professional level of staff, reducing
the number of errors in working with customers and goods, reducing the time required to train new employees,
and generally increasing the efficiency of business processes.

The purpose of the work is to develop a web-based mnemonic training system tailored for business
company employees, which allows to improve the memorization, processing, and reproduction of business-
specific information, particularly for employees in customer service and sales.

Il Materials and Methods

When developing the system, we distinguish two areas of responsibility:

1. Development of a web-based system.

2. Preparation of materials for mnemonic training.

The web-based system being developed must meet the following functional requirements: a flexible,
adaptable system that can be scaled according to the company's needs; an attractive, modern interface; a
module for monitoring learning outcomes. Accordingly, the development and implementation of materials for
mnemonic training is not the task of this work.

Therefore, the following tasks have been identified for the development of the web-based system:

1. Design the architecture of a web-based service that includes modules for training exercises, results
tracking, and user administration.

2. Provide an interactive user interface that supports adaptability to workload, individual progress, and
feedback.

3. Implement a system for collecting and analyzing training statistics that allows evaluating the
effectiveness of the service for individual users and teams.

Let's consider the concept of the system being developed. The system must be easily accessible. That is
why the decision was made to develop a web-based system. It can be deployed on any hosting. The system
must provide a certain level of confidentiality and security. All users must register in the system and receive their
own login and password. Each user can act as a student or mentor. Students undergo mnemonic training and
testing to check the material they have learned. At the same time, when a student joins a separate training
course, they give the author of that training course the right to view and analyze their test results. The student
themselves has the right to view their own metrics and test results. Mentors are the owners of their own training
courses, have full control over the materials, and can view the testing statistics for their materials. In addition,
mentors have the right to control access to the training course they have created: the training course can be
accessible to everyone; only to specific users; or only to users who belong to a specific group.

Thus, the key functional tasks of the system under development include: 1. Accounting for system
participants. 2. Accounting for created trainings. 3. Control of the amount of information learned. 4. Monitoring
the learning and memorization process. 5. Analysis of mnemonic training results.

Now let's look at the movement of information flows in the system.
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The main external entities of the system are the mentor and the user. The mentor can enter input data
and receive reports on the results of mnemonic training. The user creates requests to work with the system and
receives monitoring of their own results.

A mentor can create their own training using proprietary materials for mnemonic training. If a mentor
decides to give mnemonic training to specific individuals, they can create a group and invite other users to join
it. After users complete the mnemonic training, the mentor will see the results for each of them.

Users can sign up for and complete mnemonic training courses that are publicly available or to which they
have been invited. After completing the training, users can view their results.

This system allows any company employee to organize and conduct the necessary mnemonic training at
any time. For example, an occupational safety specialist can conduct training on ensuring a safe working
environment and compliance with safety rules in the workplace. When it comes to training different specialists
with different job specifications (e.g., IT department, drivers, cleaners), it is enough to allocate a separate group
for these specialists.

Since mnemonic training materials and test forms can vary in nature, it is better to use a non-relational
database to store information in the system. The structure of this database will look as shown in Fig. 1.

User

- id: String

- fullName: String
-p : String

- email: String

+ register{user. User)

+ login{id: String, pass: Siring)

1

1.5 1 j 1..* 1..*

Group Quiz QuizResult

- id: String - id: String -id: String - id: String

- status: String - name: String - name: String - durationOfattempt: DateTime
- createdAt DafeTime 1% 1 | - accessType: Siiing - attempts: Int? - status: String

- updatedAt DateTime - accessCode: String? - percentagePass: Int - score: Float

+ creale(memb: Membership) - createdAt DateTime - duration: DateTime? - percentagePass: Int

+ delefe(id: String) - updatedAt DateTime 1. +| - deadline: DateTime?
| -accessType: String 1 1..#| - nightAnswerGount: Float

1

- guestionCount: Int

+ create(group: Group)
+ delete(id: String) - accessCode: String? - createdAt: DateTime
+ getGroupiid: String) - status: String - updatedAt DateTime
- createdAt: DateTime + create(guizRes: QuizResult)
1 - updatedAt: DateTime + get(quizRes: QuizResult)
+ create(quiz: Quiz)
+ delete(id: String)
+ update(guiz: Quiz)
1
1
1.7 1. 1.%
Section Questi QuestionResult
- id: String -id: String - id: String
- name: String - text: Siring - score: Float
- createdAt DateTime 1 - type: Siring - fext: String
- updatedAt: DateTime ‘— - createdAt: DateTime - fype: String

- updatedAt: DateTime
+ create(quest Question)
+ delete(id: String)

+ create(guestRes: QuestionResult)
+ getiguestRes: QuestionResult)

+ create(section: Seclion)
+ delete(id: String)

+ update(guest CQuestion)
1
1
1.7 1.7
Answer AnswerResult
-id: String - id: String
- text: Siring - fext: String

- isCorrect: Boolean
- createdAt: DateTime
- updatedAt: DateTime

+ create(answer: Answer)
+ delete(id: String)
+ update(answer: Answer)

Fig. 1. Class diagram

- isCorrect: Boolean
- isSelected: Boolean

+ create(answerRes: AnswerResult)
+ getianswerRes: AnswerResult)
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The User class contains basic information about the user. It has methods for registration and login. The
Group class represents a group of users. It contains the name, access type, and access code. It is linked to
users through a “many-to-many” relationship via the Membership class. The Membership class is a linking class
between User and Group. It tracks the status and timestamps of membership creation/updates. The Section
class represents a subgroup. It contains a name and timestamps. The Quiz class represents the main
component for testing. It contains a name, number of attempts, and passing percentage. It has time limits
(duration and deadline). It is linked to questions (Questions). The Question class represents a single test
question. Contains the question text and its type. Linked to answers (Answers). The Answer class contains the
answer text. Has a correctness flag (isCorrect). The QuizResult class stores the test results. Contains the total
score and the percentage of correct answers. Linked to specific answers via QuestionResult. The
QuestionResult and AnswerResult classes store detailed information about the answers to specific questions.
They track the selected answers and their correctness.

Various types of tests will be used to evaluate the effectiveness of the training, and the number of correct
answers will be recorded accordingly. We will use a theoretical set model to describe the system. The system is
described by a tuple:

S=(U,AT, MR,IE), (1)
where U is the set of system users (User),
U={ul,u2,..,u,}

where each user has attributes: login, role (administrator, user), progress, training history.
A - set of authentication data,

A = {(uy P},

where p; is user password or access token n;.
T — a set of memory training exercises (Tasks),

T = {ty, ty, .., tm}

each exercise has a type (visual, verbal, associative, etc.), difficulty level, input data, and expected answer.
M — a variety of techniques/mnemonics used,

M = {m,,m,,...,my},

for example: the locus method, acronyms, visual associations, spaced repetition, etc.
R — multiple exercise results,

R = {rij}’
where 7;; is result of the test ¢; by user u; (point, time, correctness).
| - user interface, defined as a set of screens, controls, and navigation elements:
I = {il' iZ' ey il};

which includes login forms, access to exercises, and viewing statistics.
E - a set of feedback elements (Evaluation),

E = {el, ...,eq},

which provide personalized recommendations, tips, and progress reports.
The following indicators are used for statistical data processing:
1. Average score (averageScore),
n
1
avarageScore = <;Z si>,
i=1

where n is number of tests; s; is number of points scored in the i-th test.
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2. Percentage of tests taken (passed):

1 n
passed = (EZ pl-),
=1

where p; € {0,1} whether passed the i-th test (1 — passed, 0 — not passed).
3. Average test completion time (averageTime):

n
1
avarageTime = (;Z tl-),

i=1

where t; is time taken to complete the i-th test in milliseconds.

lll Results

The web-based mnemonic training system developed as a result has the following main functional
features:

1. Test creation module — users can create various types of test tasks.

2. User test completion — registered users can take tests created by other system participants or tests to
which they have access through participation in a specific group.

3. Group creation and management system — users can create study groups, invite other users to join
them, add tests to groups, and track participants' results. This allows you to organize training in classes, clubs,
teams, or even individual micro groups.

4. Analytics and progress tracking — each user has a personal profile that stores information about test
completion.

5. Content search and filtering — the information system provides convenient search and filtering of tests
and groups.

Figure 2 shows a fragment of the web application's home page. The home page plays a key role in forming
the first impression of the system, so it contains basic information that helps to immediately attract the user's
interest.

OSSO online test
and quiz maker

Create, send and analyze your tests,
quizzes and assessments for freg with

10SO

Get started =

Fig. 2. Home page
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Figure 3 shows the authorization page, which provides secure user access to the system. The page
contains mandatory fields for entering an email address and password, which allows the user to be identified
and granted access to personalized functionality.

Signin

'- -
Insertpassword

Signin | =

Or don’t have an account? please
register here

Fig. 3. Authorization page

Figure 4 shows the registration page, which is an important part of user interaction with the web
system. It allows users to create a new account, which is necessary for further use of the platform's
functionality. The page contains mandatory fields for entering your full name, email address, and password.
This data is used to create a unique user profile, as well as to identify and personalize access to the system.

Insert full nam

Eign b
9}[‘@

Insert ema|l

Insert password .

Confirm password '

do have an account? please
register here

Fig. 4. Registration page
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Figure 5 shows the user profile page, which is the central element of the web system's personalized
interface. This page provides the user with convenient access to their personal statistics and history of
interaction with the platform. At the top of the page, there is a visual chart showing the main indicators of
user activity: the number of tests taken, the number of tests created, and the number of groups created. This
visual format allows you to quickly assess your progress and learning effectiveness. Below is the “History”
section, which provides a detailed history of test completion. Here, the user can view dates, test names,
results, and other accompanying data.

Figure 6 shows the user profile page with the “My quizzes & groups” section open, which provides a
convenient interface for managing created tests. This section allows the user to view the list of tests they
have created, activate and modify them.

Trends Profile Sign Out

.e . quiz created
Daniil Batiuk
sportak50@gmail.com
New quiz New group A p—

Quiz history My quizzes & Groups  Statistic

Name Status Score Passed date Duration Questions

Quiz 1_Update 100.00% 30.04.2025 00:00:16

Quiz 1_Update Passed 33.33% 30.04.2025 00:00:09 3

20231050
Created by Daniil Batiuk

Fig. 5. User profile page with test history

Trends Profile

.s . quiz created
Daniil Batiuk
sportak50@gmail.com
New quiz New group A aroup created

Quiz history My quizzes & Groups  Statistic

Filter by date
QUIZZES | GROUPS Find by name desc

In progress

Quiz 1_Update

2 Questions

2023 10S0O
Created by Daniil Batiuk

Fig. 6. User profile page with created tests
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Figure 7 shows the modal window what gives the user the opportunity to activate the created test.
After activation, the test becomes available for other users to take through the current trends page. The

window contains basic information about the test and a confirmation that it is ready to be published. This
function provides control over the moment of launching the training material.

Trends Profile

Daniil Batiuk

Quiz history My quizzes & Groups  Statistic Activate the quiz?

You will be able to pass the quiz after activation

Cancel Activate

Quiz 1_Update

Fig. 7. Modal window for activating the test

Figure 8 shows the user profile page with the “My quizzes & groups” section open and the groups
subsection, which allows the user to view the groups they have created. The user's profile page shows a
section with the study groups they have created. Here you can view group names, the number of participants,
and access settings. The interface allows you to manage each group separately - edit, delete, or open it for
new participants. This helps organize the learning process in teams.

Trends Profile Sign Out

s - quiz created
Daniil Batiuk
sportak50@gmail.com
oy qUiz oy group A group created

Quiz history My quizzes & Groups  Statistic

Filter by date

QUIZZES Find by name desc he

Manager Daniil Batiuk

Group 1

1 Participants

2023 10S0
Created by Daniil Batiuk

Fig. 8. User profile page with created groups
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Figure 9 shows a user profile page with the “Statistics” section open, which allows the user to view
statistics on the tests they have created. They can see the number of times the test has been taken, the
percentage of the text passed, the average percentage of correct answers, and the average time taken to
complete the test. The chart also shows the average number of points received for each question.

Quiz history My quizzes & Groups  Statistic

Group select

Group 1

Quiz select

Quiz 1_Update
Person select

Daniil Batiuk

Popularity Passed °

o
©
o

=]
w©

2 1.00%

=3
o o
@ O

Since creation Since creation

average score
[=]

o 5

S|

o
=
&

Average score Q) Average time ©

o
@

=}
o
@

66.66% 00:00:13

=}
@

Since creation Since creation questions

Fig. 9. User profile page with statistics

Figure 10 shows the test creation page with the “Basic settings” section open. This is the initial stage of
test creation, where the user enters basic information, including the name of the test. The interface is clear and
structured, which allows you to quickly move to the next stages of setup. Creating named tests makes it easier
to identify and use them later. This ensures easy navigation in the system.

IOSO Trends Profile

@[L[]ﬁz @@Uﬂﬁﬁ@@ﬁ’@ﬁﬁ@m Basic settings

Initial settings

Basic settings Insert quiz name
Questions manager
Quiz access

Restriction settings

© B #H &

Save changes

2023 10S0
Created by Daniil Batiuk

Fig. 10. Test creation page (test name)
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Figure 11 shows the test creation page with the “Questions manager” section open. At this stage, the user
adds questions to the test, defining the type of each question, wording, answer options, and correct answers.
The interface supports flexible editing and viewing of the test structure. This allows you to create adaptive and
meaningful mnemonic training exercises. The quality and diversity of the training content is ensured.

10SO Trends  Profil

Quiz configuration  Questions manager

1

a . Question type
Basic settings Select question type

Single choice

Questions manager
Question

Quiz access Insert question

Restriction settings Answers

© P W <

Insert answer 1
Save changes Insert answer 2

Add Answer

Right Answer

Select right answer

1

Add question
Fig. 11. Test creation page (questions)
Figure 12 shows the test creation page with the “Quiz access” section open. This section allows you to
customize access to the created test. Users can make it open to everyone, restrict it to certain groups or

individuals. This allows you to more accurately target the learning content to the right audience. Flexibility in
access control increases the efficiency of the learning process.

10SO Trends Profile

Quiz configuration  Testaccess

Access type

Basic settings = Private @, Public access code ®

Questions manager fro Group

Quiz access @ only you will be able to take the quiz

Restriction settings
Attempts per respondent

Select attempts count

1

Save changes

2023 10S0
Created by Daniil Batiuk

Fig. 12. Test creation page (access to test)
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Figure 13 shows the test creation page with the “Restriction settings” section open. On this page, you
can set limits on the test: the number of attempts, the duration of the test, and the deadline. This allows you to
create conditions that are close to real work situations or training requirements. Such control increases user
discipline and assessment accuracy. Restrictions are an important component of the training methodology.

10SO Trends Profile

@[L[lﬁz @@Uﬂﬁﬁ@@ﬁ’@ﬁﬁ@m Restriction settings

Quiz duration

Basic settings ® Lack O Select

Questions manager Quiz deadline

. ® Lack O Select
Quiz access

Percentage of pass

Restriction settings

Save changes

2023 10S0
Created by Daniil Batiuk

Fig. 13. Test creation page (restrictions)

Figure 14 shows the group creation page with the “Base settings” section open. When creating a group,
the user enters its name, which will become an identifier in the system. This stage is the first step in creating a
learning environment for the selected audience. A simple interface makes it easy to launch a new group quickly.
Creating named groups makes them easier to manage and navigate.

10SO Trends Profile

Group configuration Basicsettngs

Initial settings

@ Basic settings Insert group name

ﬁ Group access

Activate group

2023 10S0
Created by Daniil Batiuk

Fig. 14. Group creation page (group name)
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Figure 15 shows the group creation page with the “Group access” section open. This interface allows you
to define who has access to a study group. The group administrator can select open or restricted access mode,
as well as set a join code. This provides flexible management of learning streams. The mechanism allows you
to work effectively with both large and narrowly targeted audiences.

10SO Trends Profile

Group configuration Croupaccess

Access type

@ Basic settings l & Public access code Q Public

Group access . -
& P o Anyone who has access code will be able to join the group

Access code

Activate group
Insert group access code

2023 10S0
Created by Daniil Batiuk

Fig. 15. Group creation page (access to the group)

Figure 16 shows the trend creation page with the “Quizzes” section open, which acts as a catalogue of
available tests in the system. The trends page displays all the tests available for taking. Users can see the names
of the tests, their popularity, and ratings. This makes it easier to choose the right material for memory training.
This page also helps to promote high-quality training courses within the system.

IOSO Trends Profile

Filter by date

| QuIZZEs | GROUPS Find by name desc

Available

Quiz1

3 Questions

2023 10S0
Created by Daniil Batiuk

Fig. 16. Trends page with a list of all available tests
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Figure 17 shows the modal window confirming the completion of the test. After the test is completed, the
user sees a modal window with information about the work done. The window displays the number of attempts
made, the duration of the test, and other details. This allows you to immediately evaluate the result and proceed
to analyse your own performance. Such feedback is important for motivation and self-control.

Trends Profile

Quiz
Attempts left: 1

Quiz duration: Infinity

Cancel Quiz

20231050

Fig. 17. Modal window confirming test completion

Figure 18 shows the trend creation page with the “Groups” section open, which acts as a catalogue of
available groups in the system. This page shows the study groups available for joining. Users can view their
names, descriptions, and level of openness. This makes it easy to find a relevant community for learning. The
functionality is especially useful in a corporate environment with a large number of groups.

10SO Trends Profile

Filter by date

QUIZZES Find by name desc -

Available Daniil Batiuk

Group 1

1 Participants

2023 10s0
Created by Daniil Batiuk

Fig. 18. Trends page with a list of all available groups
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Figure 19 shows the group page, where group members can view available tests and general information
about users. The page of a particular group displays a list of its members and the tests available for taking. The
interface allows you to conveniently manage the learning process within the group. This makes it easier to
coordinate and monitor progress. This page is the main workspace for group interaction in the mnemonic training
system.

10SO Trends Profile

Group 1

Group Statistic
Summary

Section 1 ) eifte
1 quizzes
Quiz 1_Update 1 managers
L J 0 participants

Participants

[WEREL [

Participants

2023 10S0
Created by Daniil Batiuk

Fig. 19. Group page

IV Discussion

The conducted research highlights the practical significance and potential of integrating mnemonic
training into corporate learning environments through web technologies. The developed system addresses
several common limitations found in traditional and digital memory training tools. Firstly, it eliminates the need
for pre-trained cognitive skills by providing structured, intuitive, and guided exercises. Secondly, the web-based
nature of the platform ensures accessibility and scalability, enabling employees to train from any location and at
any convenient time. This flexibility aligns with modern hybrid work models and supports continuous professional
development.

The use of a modular architecture allows for the implementation of a wide range of training scenarios —
from onboarding new employees to improving specialized knowledge retention among experienced staff.
Additionally, gamification and personalized analytics foster user motivation and enhance engagement. The
system collects detailed statistics on learning outcomes, which can be used to tailor learning trajectories and
improve content quality.

One of the key advantages of this system lies in its ability to integrate mnemonic methods such as the
method of loci, visual associations, acronyms, and spaced repetition into an interactive environment. This not
only boosts memory retention but also stimulates neuroplasticity and supports long-term cognitive development,
as confirmed by recent neuroscience studies.

However, it is important to note that the quality and effectiveness of the mnemonic materials used in
training remain critical to achieving desired outcomes. While the system provides the technological foundation
and delivery mechanisms, further research is needed to explore optimal combinations of mnemonic techniques
for different categories of learners and types of information. In future work, integration with Al-based content
generation, adaptive difficulty adjustment, and AR/VR support may significantly expand the capabilities and
impact of the system.
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V Conclusion

The results of this research confirm the feasibility and effectiveness of using a web-based information
system for mnemonic training in the context of professional development. The developed platform combines the
classical principles of mnemonics with modern technological solutions, providing users with a flexible and
personalized environment for memory training. The system architecture enables tracking progress, managing
access, and analysing results, which are critical for maintaining learning efficiency and ensuring consistent
knowledge retention in corporate settings.

By focusing on business employees, the system directly addresses real-world needs such as fast
onboarding, reduced human error, and improved customer service quality. The inclusion of group-based learning
modules, custom test creation, and performance analytics makes the platform adaptable to various industry-
specific scenarios. Moreover, its user-friendly interface and the possibility of gradual integration into existing
learning workflows enhance its practical value and ease of adoption.

The study contributes to the growing field of technology-enhanced learning, particularly in the application
of cognitive science to enterprise training systems. It demonstrates that memory development, which has
traditionally been addressed through individual and manual techniques, can now be effectively systematized
and scaled. The proposed system lays a strong foundation for future development, including integration with
artificial intelligence, mobile platforms, and immersive learning environments.

In conclusion, this project provides a solid basis for organizations seeking to improve staff competencies
through scientifically grounded, digital mnemonic training tools. Its modularity and adaptability ensure its
relevance in diverse training contexts, while the research opens pathways for further innovation in cognitive-
oriented educational technologies.
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