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TELEKOMUNIKACIE A
ELEKTRONICKY OBCHOD

BEZPECNOSTNE ASPEKTY VYUZIVANIA INSTANT MESSAGINGU
V AKADEMICKOM PROSTREDI

Lukas Jezek!, Juraj Fabus?

Abstract: In recent years, instant messaging (IM) has become an important communication
tool in academic settings. Universities, students, and faculty use it to share information,
collaborate, and coordinate educational activities. This paper focuses on a secondary analysis
of academic sources to assess the benefits, risks, and security issues associated with students'
use of instant messaging technology. Based on an analysis of more than 30 peer-reviewed
publications, major threats such as social engineering, phishing, and insufficient encryption,
along with the security level of each IM platform, are identified. At the same time, specific
measures are proposed to enhance communication security in academic environments.

Keywords: instant messaging, communication security, students, colleges, encryption, MS
Teams, Signal, digital literacy, secondary analysis, academia

Uvod

Instant messaging (IM) sa stal neoddelitelnou sucastou modernej digitalnej
komunikacie. V akademickom prostredi slizi nielen na neformdlnu vymenu sprav medzi
Studentmi, ale aj ako ddlezity nastroj pre spolupracu, riadenie uloh, diskusie so SkoliteI'mi a
zdiel'anie ucebnych materidlov. Jeho zvysené vyuzitie pocas pandémie COVID-19 este viac
zdoraznilo potrebu efektivnych a bezpecnych komunikacnych rieseni.

Napriek mnohym vyhodam, ako su rychlost, dostupnost” a podpora multimédii, IM
prinasa aj viaceré bezpecnostné vyzvy — od rizika Uniku dat a phishingu aZ po nedostato¢né
Sifrovanie sprav. Vysoké skoly sa tak musia vyrovnat s potrebou ndjst rovnovahu medzi
pohodlim pouzivania a poziadavkami na ochranu tidajov a stikromie.

Cielom tohto odborného c¢lanku je preskiimat’ vyhody a rizikd pouZivania IM v
akademickom prostredi, identifikovat najbeznejSie bezpecnostné hrozby a navrhnat
konkrétne opatrenia na zabezpecenie bezpecného a efektivneho vyuzivania tychto platforiem.

Instant messaging

Instant messaging (IM) je forma digitdlnej komunikacie, ktord umoziuje okamzita
vymenu sprav medzi pouzivatel'mi prostrednictvom internetu alebo inych sieti. V minulosti sa
vyuzival predovSetkym na posielanie textovych sprav, avSak dnes ponuka Siroké spektrum
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funkcii — od zdielania stiborov a multimedialneho obsahu az po hlasové a videohovory.
Moderné IM aplikacie Casto obsahuju aj rozne interaktivne prvky, ako su emoji, nalepky a
reakcie na spravy. [1]

Hlavné vlastnosti IM

1.

Okamzitd komunikécia v redlnom case

IM umoziuje pouzivatel'om vymienat si spravy v realnom case, o zvysuje efektivitu
a rychlost komunikacie. Stidia publikovana v Journal of Computer-Mediated
Communication zdoraziiuje, ze IM podporuje takmer synchronnt interakciu medzi
pouzivatel'mi, ¢o je kI'aGové pre efektivnu komunikaciu. [2]

Podpora multimedialnych prvkov

Moderné¢ IM aplikdcie umoziiuju nielen textovii komunikdciu, ale aj zdielanie
multimedialnych stiborov, ako st obrazky, vided ¢i audio nahravky. Tento aspekt bol
analyzovany v S§tadii publikovanej v International Journal of Information and
Education Technology, kde sa uvadza, ze IM platformy umoziuju efektivnu a t¢inna
komunikaciu prostrednictvom réznych digitalnych formatov. [2]

Skupinové chaty a kolaboracia

IM aplikacie Casto podporuju skupinové konverzacie, ¢o ulahCuje spolupracu v
timoch a zdiel'anie informécii medzi viacerymi ¢lenmi naraz. Vyskum v Research in
Learning Technology ukazuje, ze Studenti vyuzivaji IM na akademické ucely, vratane
skupinovych diskusii a rieSenia administrativnych zalezitosti. [3]

Indikatory pritomnosti a dostupnosti

IM systémy Casto obsahuju funkcie, ktoré informuju o stave pritomnosti pouzivatel'ov,
ako napriklad “online”, “offline” alebo “zaneprazdneny”. Tieto indikatory pomahaju
koordinovat komunikdciu a zvySuju efektivitu interakcii. Stadia v Journal of
Computer-Mediated Communication skuma, ako IM systémy podporuji rozvoj
pracovnych vzt'ahov prostrednictvom takychto funkcii. [4]

Integracia s inymi nastrojmi a platformami

Mnohé IM aplikacie sa integruji s d’al$imi sluZzbami, ako su socialne siete, e-mailové
systémy C¢i nastroje na spravu projektov, ¢o umoznuje centralizovani a efektivnu
komunikéciu. Tento trend bol identifikovany v prehl'ade publikovanom na platforme
ResearchGate, kde sa diskutuje o vyvoji a funkcidch modernych mobilnych
messagingovych aplikécii. [5]

Technicka architektara IM

1.

2.
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Klient-server model

V  Kklient-server architektire IM systémov komunikuji vSetci pouZivatelia
prostrednictvom centralneho servera, ktory zaistuje odosielanie a prijimanie sprav.
Tento model pontka jednoducht spravu, monitorovanie a zabezpecenie komunikacie.
Priklady takychto systémov zahfiiaji AIM, MSN Messenger a Yahoo! Messenger.
Medzi vyhody patri centralizovand kontrola a bezpecnost, kedze server moze
implementovat’ jednotné bezpec¢nostné opatrenia. Na druhej strane, nevyhodou je
riziko zlyhania servera a obmedzena Skalovatel'nost’ pri vy§Som pocte pouzivatel'ov.
[6]

Peer-to peer (P2P) model

V P2P architektiire komunikuji klienti priamo medzi sebou bez potreby centralneho
servera. Kazdy uzol funguje ako klient aj server, ¢o zvySuje odolnost’ systému a
zlepSuje ochranu stkromia. Prikladom takejto architektiry je aplikdcia Tox, ktorad
vyuziva end-to-end Sifrovanie. Hlavnou vyhodou je, Zze zlyhanie jedného prvku
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neohrozuje celil siet’ a priama komunikacia zniZuje riziko sledovania. Na druhej
strane, nevyhodou je vysSia komplexnost’ spravy, narocnejSia implementécia
bezpecnostnych politik a problémy so Skalovatelnostou pri velkom pocte
pouzivatelov. [7]

Historicky vyvoj IM

Instant messaging (IM) sa od 60. rokov vyrazne vyvinul. Prvym systémom, ktory
umoznil komunikiciu v redlnom case, bol CTSS z roku 1961. V 70. rokoch sa objavil
Talkomatic v systéme PLATO, nasledovany Bulletin Board Systems (BBS). V roku 1988 bol
predstaveny Internet Relay Chat (IRC), ktory umoznoval centralizovant aj decentralizovanu
textovll komunikaciu.

Devitdesiate roky priniesli IM Sirokej verejnosti. V roku 1996 sa objavil ICQ, a o rok
neskor AOL Instant Messenger (AIM) s funkciou ,,Buddy List™“. Nésledne pri§li Yahoo!
Messenger (1998) a MSN Messenger (1999). V Azii dominoval &insky QQ Messenger, ktory
neskor ustapil WeChat, vyvinutému na multifunkénu platformu.

Velkym zlomom v oblasti komunikicie bol prichod mobilnych aplikacii, ako su
WhatsApp (2009), Facebook Messenger (2011) a Snapchat, ktory zaviedol miznuce spravy.
Dnes aplikacie na okamzité spravy, ako Signal a Telegram, kladi doraz na sukromie, zatial’
¢o WeChat a WhatsApp pontkaji aj funkcie pre platby a obchodné nastroje. Budicnost’
komunikacie prostrednictvom IM smeruje k vySSiemu zabezpeceniu, vyuzivaniu umelej
inteligencie a interaktivnejsej forme komunikacie. [8]

Metodika a metéody skiimania

V ¢lanku bola pouzitda metdda sekundarnej analyzy, ktora zahfiia systematické
preskiimanie, porovnanie a hodnotenie existujiicich odbornych §tadii, ¢lankov a vyskumnych
sprav tykajucich sa instant messagingu v akademickom prostredi.

Do analyzy bolo zahrnutych viac ako 30 odbornych, vedeckych a relevantnych
zdrojov, pricom sa kladdol doraz na aktudlnost’ (obdobie 2019 — 2025), odbornt relevanciu a
prakticku aplikovatel'nost’ v kontexte vysokych §kol.

Analyzované boli najma tieto tematické okruhy:

* Funk¢nost’ a architektura IM aplikacii

* Vyuzitie IM v Studentskej komunikacii

» Kybernetické rizika a utoky suvisiace s IM

* Pripadové $tudie z praxe

* Bezpecnostné odporucania institucii

Taktiez bola pouzitd metoda syntézy pre zlucenie ziskanych poznatkov.

Sucasny stav pouzivania IM v akademickom sektore

V rokoch 2023 az 2025 sa instant messaging stal vyznamnym komunikaénym
nastrojom v akademickych institiciach, pricom jeho vyuzitie presahuje len neformélne
rozhovory medzi Studentmi. Vyskumy ukazuji, Ze mobilné aplikacie na instant messaging
(MIM) su Siroko pouzivané v akademickom aj profesiondlnom prostredi. Tato forma
komunikacie preukéazatelne zlepSila timovl pracu a produktivitu, pretoze umoziuje rychlu
vymenu sprav, suborov a videohovorov. Napriklad Stidia skimajiaca vyuzitie WhatsApp v
diStancnom vysokoskolskom vzdelavani dospela k pozitivnemu hodnoteniu tejto platformy, s
priemernym skore 4,48 z 5, ¢o naznacuje jej prinos pre akademickt podporu vdaka jej
pristupnosti a jednoduchosti pouzivania. [9] [10]

Pocas krizovych situécii, ako bola pandémia COVID-19, sa vyznam instantnej
komunikécie (IM) v akademickom prostredi eSte zvySil. Obmedzenia fyzického kontaktu
viedli k rasticemu dopytu po nastrojoch virtudlnej komunikécie. Pouzivanie IM, ako je
WhatsApp, sa ukdzalo ako cenny prostriedok pre vyucbu a ucenie. UcCitelia mohli vytvarat’
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vzdelavaci obsah, podporovat’ interakciu a dialdg, planovat’ a riadit’ ¢as ucenia a vykonavat
priebezné hodnotenie. Studenti mali moznost’ zdielat’ napady, Givahy a $tudijné materialy v
neformalnom prostredi, Co prispelo k vicSej ucasti a rozvoju zrucnosti v oblasti
sebaorganizacie pri uceni. [10] [11]

Napriek tymto vyhoddm existuji rozdiely v nazoroch na efektivnost' instant
messagingu (IM) medzi Studentmi a inStruktormi. Vyskumy naznacuju, Ze véacsina Studentov
(89 %) vyuziva IM na §tidium, zatial' o inStruktori st skepticki voc¢i jeho Uc€innosti a
SirSiemu prijatiu v oblasti vysokoSkolského vzdelavania. Napriek tomu sa online chatovacie
nastroje, vratane WhatsApp, Coraz CastejSie pouzivaju na interni komunikaciu medzi
zamestnancami. Skuto¢nost’, ze vicSina Studentov (95 %) nosi svoje telefony do triedy a
mnohi z nich po€as vyuc€ovania posielaju spravy (92 %), naznacuje, Ze mobilné spravy su pre
Studentov prirodzenou formou komunikdcie, ktort by akademické inStiticie mohli
efektivnejSie vyuzit’. [12] [13] [14]

Najpopularnejsie IM platformy v ramci akademického sektora

V akademickom sektore sa v obdobi od 2023 do 2025 etablovalo niekol’ko instant
messagingovych platforiem ako hlavné ndstroje pre komunikdciu a spolupracu. Medzi
najobl'ibenejsie patri WhatsApp, Microsoft Teams, Slack a Telegram.

WhatsApp je obl'ibeny predovsetkym pre svoju dostupnost’” a jednoduché ovladanie,
¢o z neho robi cenny nastroj na akademicku podporu a neforméalnu komunikiciu medzi
Studentmi, a obcas aj s uciteI'mi. Jeho funkcie, ako zdiel'anie multimédii a hlasovych sprav,
umoziiuji dynamickt vymenu informacii a poskytovanie personalizovanej spétnej vazby. [10]
[11]

Microsoft Teams sa Coraz viac stava komplexnou platformou pre akademické
inStiticie, ktord integruje chat, zdielanie suborov, zaddvanie uloh, hodnotenie a
videokonferencie. Jeho prepojenie s d’alSimi aplikdciami balika Microsoft 365 z neho robi
silné rieSenie na organizaciu tried, spolupracu na projektoch a celkovl spravu vzdelavacieho
obsahu. Funkcie ako Immersive Reader a Zivé titulky zvySuju pristupnost’ platformy.[15]

Slack je dalSou oblibenou platformou, ktord ponuka kandly pre organizovanu
komunikaciu, priamu spravu a integraciu s réznymi nastrojmi, ako s Zoom a systémy pre
spravu uéenia (LMS). Casto sa vyuZiva na timova pracu, oznamovanie kurzov a budovanie
Studentskych komunit. Jeho flexibilita a Siroké moznosti integracie ho robia atraktivnym pre
rozne akademické ucely. [16]

Telegram je znamy svojou rychlost'ou, bezpecnostou a bohatymi funkciami, ako su
rozsiahle skupinové chaty a kandly. Aj ked’ nie je primarne uréeny na vzdelavanie, jeho
obl'uba medzi Studentmi vedie k tomu, Ze sa Casto pouziva na neformdlnu komunikéciu a
zdiel'anie Studijnych informécii. [17]

Bezpecnostné rizika spojené s pouzivanim IM v akademickom kontexte

Pouzivanie instant messagingu v akademickom prostredi prindsa mnozstvo vyhod, ale
aj vyznamné bezpecnostné rizikd, na ktoré je potrebné reagovat’. Jednou z hlavnych obav je
ochrana sukromia pri zdiel'ani osobnych informacii cez IM platformy. S ohl'adom na to, Ze
vysSie vzdelavanie sa v roku 2025 zameriava na posilnenie kybernetickej bezpecnosti, je
dolezité starostlivo zvazit’ potencidlne hrozby spojené s instant messagingom. [18] [19]

Mnohé systémy instant messagingu nie st navrhnuté s dérazom na bezpecnost, ¢o
ulahcuje kybernetickym uto¢nikom S$irenie virusov, spywaru, phishingovych podvodov a
malvéru. IM programy sa stavaji preferovanou metddou na Sirenie sietovych virusov a
cervov, a to vd’aka ich nedostatocnej vstavanej bezpecnosti, moznosti stahovania suborov a
integrovanému zoznamu kontaktov, o umoziuje rychle rozsirenie Skodlivého softvéru. [20]
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Phishing predstavuje vyznamné riziko. Utoénici mézu prostrednictvom instant
messagingu posielat’ spravy, ktoré sa zdaji byt doéveryhodné, s cielom manipulovat’
pouzivatelov, aby klikli na Skodlivé odkazy, nainStalovali malvér alebo prezradili citlivé
informadcie, ako st pristupové tidaje. Rychlost’ a jednoduché Sirenie sprav cez IM robi tento
sposob utoku obzvlast ucinnym. Vyskumy naznacuju, ze l'udia s vysSou sebaucinnost'ou
mozu byt néachylnejsi na phishingové utoky prostrednictvom instant messagingu. [21] [20]
[22]

Dalsie rizika zahffiajii unik dévernych informacii prostrednictvom nezabezpe&enych
komunika¢nych kanalov. Verejné platformy na okamzité spravy Casto prenaSaju neSifrované
udaje, a preto by sa nikdy nemali pouzivat’ na prenos citlivych alebo dévernych informacii.
Spravy odoslané cez internet st nachylné na naruSenie sikromia alebo neimyselné odhalenie.
[20] [23]

Hrozby pre siet, ako su trojske kone, utoky typu Denial of Service a tinosy relécii,
predstavuju d’alSie technické rizikd spojené s pouZzivanim instant messagingu (IM). Ked’ze
informadcie prijaté prostrednictvom IM nie su vzdy overené, nie je mozné potvrdit’, ¢i sprava
skuto¢ne pochadza od odosielatel'a, s ktorym si prijemca mysli, Ze komunikuje. To otvara
dvere k unosom relécii a k moznosti vydavat’ sa za ina osobu. [20]

V akademickom prostredi je dblezité zohl'adnit’ aj pravnu zodpovednost’ spojend so
stahovanim materidlov chranenych autorskym pravom prostrednictvom IM sieti. [20]

V roku 2023 kyberneticki vyskumnici odhalili mnoZstvo Skodlivych "modifikacii"
instant messengera Telegram, ktoré¢ st volne dostupné na stiahnutie z Google Play. Tento
nalez poukazuje na pretrvavajice bezpecnostné hrozby spojené s aplikaciami na okamzité
spravy. Vzhl'adom na tieto rizikd je pre akademické inStiticie zdsadné zaviest komplexné
bezpecnostné opatrenia a vzdelavat’ pouzivatel'ov o bezpe¢nom pouzivani IM. [24]

Bezpe¢nostné opatrenia a odporucania pre bezpecné pouzivania IM v akademickom
prostredi

Na znizenie bezpecnostnych rizik spojenych s pouzivanim instant messagingu v
akademickom prostredi je potrebné zaviest komplexné bezpecnostné opatrenia a dodrziavat
odporucané postupy. Akademické institicie by mali vytvorit’ jasné zdsady pre pouzivanie IM,
ktoré urcia, o je povazované za prijatelné a neprijatelné spravanie, a poskytni pokyny na
ochranu citlivych informécii. [23]

Délezitym krokom je vzdelavanie Studentov, ucitel'ov a zamestnancov o potencialnych
rizikach, ako st phishingové utoky a Sirenie malvéru prostrednictvom instant messagingu
(IM). Pouzivatelia by mali byt informovani, aby neprezradzali osobné udaje nezndmym
osobam a aby boli opatrni pri kliknuti na odkazy alebo otvérani priloh v spravach, aj ked’
pochadzaju od znamych kontaktov. Odporuaca sa overit’ totoznost’ 0sob, ktoré¢ ziadaju o citlivé
informacie cez IM, a v pripade pochybnosti kontaktovat’ danti osobu prostrednictvom iného
komunika¢ného kandla. [20] [22]

Z technického hl'adiska by mali institicie preferovat’ bezpecné a Sifrované platformy
na okamzité spravy. Platformy s end-to-end Sifrovanim zabezpecuji, Ze obsah sprav je
pristupny iba odosielatel'ovi a prijemcovi, ¢im sa zniZuje riziko odpoc¢lvania zo strany tretich
0s0b. Pri vybere platformy je tiez dolezité zohl'adnit’ jej stlad s predpismi o ochrane osobnych
udajov, ako je GDPR, najmi ak inStiticia spolupracuje s medzinarodnymi Studentmi alebo
vykonava vyskum, ktory sa tyka obéanov EU. [26] [28] [27]

Pouzivatelia by mali byt upozorneni, aby nedovolili programom na okamzité spravy
(IM) zapamitat’ si hesla alebo automaticky sa prihlasovat’ do svojich u¢tov. Odportca sa tiez
neakceptovat’ automaticky prichddzajice spravy od nezndmych pouzivatelov a nezdielat’
subory cez IM, pretoze to moze viest’ k Sireniu virusov. [20]
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Pri praci s citlivymi tdajmi je klI'aicové vyhnit’ sa diskusidm o nich prostrednictvom
IM a neinstalovat’ IM aplikacie na pocitace, ktoré obsahuju takéto idaje. Pouzivatelia by mali
mat’ na pamiti, Ze ich IM konverzacie nemusia byt sukromné ani bezpecné, a preto by sa mali
vyhnut zdiel'aniu dévernych informacii tymto spoésobom. Namiesto posielania priloh s
citlivymi udajmi sa odpori¢a vyuzivat zabezpeCené Sifrované siete a zdielat’ odkazy na
subory ulozené v bezpecnych cloudovych uloziskéach. [20] [25]

Institicie by mali zaviest’ antivirusova ochranu, ktord pokryva sietové, desktopové a
prenosné zariadenia, aby sa prediSlo Sireniu malvéru prostrednictvom instant messagingu.
Pravidelné aktualizacie softvéru IM aplikacii a operanych systémov su taktiez kI'aCové pre
ochranu pred najnovsimi hrozbami. [27] [20]

Na zvysenie bezpecnosti sa odporica implementovat’ dvojfaktorova autentifikdciu
vSade, kde je to mozné. Tato dodato¢na vrstva ochrany poméha chrénit’ ucéty pred
neopravnenym pristupom. [29]

V ramci skupinovych chatov by mali pouzivatelia byt obozretni a opatrni pri klikani
na odkazy alebo volani na telefonne cCisla, ktoré zanechali nezndmi clenovia skupiny.
Hostitelia skupin by mali zvazit’ vyuzitie svojich pravomoci na kontrolu pristupu, aby predisli
spamu a Skodlivym aktivitim. [30]

Akademické institicie by mali zvazit' sledovanie sietovej prevadzky a zavedenie
nastrojov na detekciu a prevenciu hrozieb, ktoré mézu pomoct’ identifikovat' a zablokovat
Skodlivé aktivity spojené s IM. [20]

Zavery

Sekundéarna analyza ukézala, ze aplikdcie na okamziti komunikaciu (IM) maja
vyznamny pozitivny vplyv na spolupracu a komunikaciu medzi Studentmi, najmi v timovych
projektoch a po¢as distanéného vzdelavania. Studenti povazuju IM za intuitivny a Iahko
dostupny nastroj, priCom az 89 % z nich ho aktivne vyuziva na Studijné ucely.

Taktiez sa ukézalo, Ze rozdielne platformy maji roznu Groven bezpecnosti — Signal a
Telegram su vnimané ako bezpecné, WhatsApp je populdrny, ale zavisly od vlastnictva
spolo¢nosti Meta, a MS Teams, hoci pouzivany v §kolach, neposkytuje end-to-end Sifrovanie.

Vyskumy zohladnené v tomto ¢lanku zarovenn poukazuju na to, Zze bezpeCnostné
opatrenia nie su dostatocne nasadené na strane Studentov, ale taktiez aj institlcii.

Instant messaging je nepochybne kliCovym nastrojom v modernej komunikacii na
vysokych skolach. Jeho efektivita, dostupnost’ a rychlost’ predstavuji jasné vyhody, avsak so
sebou prinasa aj realne rizika.

Vysledky sekundarneho vyskumu ukézali, Ze najvacSimi hrozbami st socialne
inzinierstvo, nedostato¢na ochrana sukromia a neznalost’ pouzivatel'ov.
Preto by bolo dobré¢ zvazit’ konkrétne odporucania pre akademické institacie a to:
- Uprednostiiovat’ platformy s end-to-end Sifrovanim
- Detailne vypracovat’ interné smernice pre Studentov o vhodnom pouzivani
- Monitorovat’ a pravidelne hodnotit’ bezpe¢nostné incidenty
Bezpecné a zodpovedné pouzivanie instant messagingu medzi Studentmi a
zamestnancami vysokych §ko6l je mozné dosiahnut len kombinaciou technického
zabezpecenia, jasnej ,,politiky* a vzdelavania.
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PoOSTA :
TELEKOMUNIKACIE A
ELEKTRONICKY OBCHOD

PSYCHOLOGIA SPOTREBITE,IZSKEH,O SPRAVA,NIA V E-SHOPOCH:
CO MOTIVUJE ZAKAZNIKOV K NAKUPU?

Marek Miklas!, Natalia Stalmasekova?

Abstract: The rapid growth of e-commerce has significantly transformed consumer decision-
making processes. Psychological factors play a crucial role in shaping customer behavior in
online environments. This article examines key motivators influencing purchasing decisions
in e-shops, including website design, social proof (reviews and ratings), personalized
marketing, and psychological effects such as the anchoring effect, fear of missing out
(FOMO), and pricing strategies. Special attention is given to the role of heuristics and
cognitive shortcuts that impact the speed and nature of consumer decision-making in digital
spaces. Research findings indicate that effectively leveraging these factors can significantly
enhance e-shop conversion rates. The article also highlights the ethical considerations of
psychological strategies in online retail.

Keywords: e-commerce, consumer behavior, online shopping, sales psychology, marketing
strategy

Uvod

E-commerce sa stal neoddelitelnou sucastou moderného maloobchodu, pricom
digitalne platformy vyrazne menia spdsob, akym spotrebitelia nakupujii produkty a sluzby.
Rychly technologicky pokrok, Siroka dostupnost’ internetu a neustdle sa vyvijajace digitalne
marketingové stratégie spoOsobili, Zze zdkaznici dnes celia mnozstvu stimulov, ktoré
ovplyviiujii ich rozhodovanie v online prostredi. Na rozdiel od tradicnych kamennych
predajni sa spotrebitelia pri online ndkupoch nemoézu fyzicky dotknut’ produktov, vyskasat’ si
ich ani priamo komunikovat’ s predajcom. Preto sa ich rozhodovanie do vel'kej miery zaklada
na vizudlnej prezentcii produktov, recenziach inych zdkaznikov, cenovych stratégiach a
psychologickych faktoroch, ktoré mozu podvedome ovplyvnit ich nakupné spravanie.
KTlucové faktory, ako je efekt kotvy (anchoring effect), FOMO (fear of missing out) alebo
vnimanie cien, mozu vyrazne ovplyvnit’ sposob, akym zékaznici vyhodnocuji ponuky a robia
findlne rozhodnutia.[1]

Okrem toho zohrava dolezita ulohu aj dovera zdkaznikov voci e-shopu, ktora je Casto
budovana prostrednictvom hodnoteni, transparentnych informéacii o produktoch a kvalitného
zakaznickeho servisu. V online prostredi maju spotrebitelia pristup k velkému mnozstvu
alternativ, ¢o zvysuje konkurenciu medzi predajcami a zaroven zvySuje naroky zdkaznikov na
rychlost’, pohodlie a personalizaciu nakupného procesu. V dosledku toho sa podniky snazia
vyuzivat' rézne digitadlne néstroje a analytické metddy, aby lepSie porozumeli spravaniu
spotrebitel'ov a optimalizovali svoje marketingové stratégie.

! Bc. Marek Miklus, Katedra spojov, FPEDAS, Zilinské univerzita v Ziline, Univerzitna 8215/1, 010 26 Zilina,
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Cielom ¢lanku je analyzovat hlavné psychologické faktory, ktoré motivuji
zakaznikov k ndkupu v e-shopoch. Zameriame sa na vplyv dizajnu e-shopov, socialnych
dokazov, personalizovaného marketingu a réznych kognitivnych skratiek, ktoré ovplyvituja
nakupné rozhodovanie. Clanok tieZ skima, akym spdsobom mozu e-shopy vyuzivat tieto
poznatky na optimalizaciu svojich marketingovych stratégii a zvysenie konverzii. [1]

Teoretické vychodiska

Co ovplyvituje nakupné rozhodovanie?

Spotrebitel'ské spravanie v e-commerce je ovplyvnené viacerymi faktormi, ktoré
suvisia s psychologiou rozhodovania. Zatial’ co v kamennych predajniach zohravaju dolezita
ulohu zmyslové vnimanie, osobnd interakcia a okamzita dostupnost’ produktov, online
nakupovanie sa spolicha na digitdlne podnety, vizudlnu prezentdciu a doveru v predajcu. V
nasledujtcich podkapitolach sa pozrieme na kl'ai¢ové psychologické faktory, ktoré ovplyvituji
spravanie zdkaznikov pri online nakupoch. [2] [3]

1. Heuristiky a kognitivne skratky pri online nakupoch

Spotrebitelia sa pri rozhodovani ¢asto spoliehaji na tzv. heuristiky — mentalne skratky,
ktor¢ im pomahaji robit’ rychle rozhodnutia bez hlbSej analyzy vSetkych dostupnych
moznosti. Hoci tieto skratky zjednodusuju rozhodovaci proces, mozu viest aj k
systematickym chybam v Gsudku a iraciondlnym nakupnym rozhodnutiam. [3] V prostredi e-
commerce sa najcastejsie vyskytuju tieto heuristiky:

Efekt kotvy (anchoring effect) — Zakaznici si podvedome ,zakotvia“ prva
informéciu, ktortl vidia, a porovnavaji s fiou d’alSie moZnosti. Napriklad ak e-shop zobrazi
,povodnu cenu“ 100 € a vedla nej ,,zZl'avnenl cenu* 70 €, zdkaznik ma pocit vyhodnej
ponuky, hoci redlna hodnota produktu méze byt nizsia. Tento efekt sa vyuziva v cenovych
stratégiach, zl'avovych akcidch a dynamickom ocenovani, pricom zdkaznici ¢asto hodnotia
cenu nie na zaklade redlnej hodnoty produktu, ale na zéklade relativneho porovnania s prvou
uvedenou cenou. [3]

Efekt ramcovania (framing effect) — Sposob prezentéacie informacii moze ovplyvnit
vnimanie hodnoty produktu. Napriklad tvrdenie ,,90 % zakaznikov je spokojnych s tymto
produktom* p6sobi pozitivnejSie nez ,,10 % zakaznikov malo negativnu skusenost™, aj ked’
ide o th isttl informaciu. Podobne ak e-shop pouzije formuléciu ,,Kupte teraz a uSetrite 30 %!“
namiesto ,,Tento produkt stoji len 70 % pdvodnej ceny*, zdkaznici vnimaju ponuku
atraktivnejsie. Efekt rdmcovania sa Casto vyuziva v reklamach, pri zobrazovani zliav a pri
marketingovej komunikacii s cielom zvysit’ vnimanu hodnotu produktu. [2]

Efekt vynimoc¢nosti (scarcity effect) — Produkty prezentované ako obmedzené
(,,Zostava poslednych 5 kusov!*) alebo ¢asovo limitované (,,Zl'ava plati uz len 3 hodiny!*)
vyvolavaju pocit naliehavosti a zvySuji pravdepodobnost’ impulzivneho nakupu. Tento efekt
je uzko prepojeny s fenoménom FOMO (fear of missing out), kedy zdkaznici nechcu
premeskat’ vyhodnu ponuku, aj ked” produkt pévodne neplanovali kupit’. [11]

Efekt socialneho dokazu (social proof heuristic) — Spotrebitelia maju tendenciu
nasledovat’ spravanie ostatnych. Ak produkt vidia ako popularny (,,Tento produkt si prave
kupilo 500 T'udi alebo ,,Najpredavanejsi produkt mesiaca“), maju vac¢siu motivaciu ho kupit’.
Tento efekt je obzvlast' silny v prostredi socidlnych sieti a e-shopov, ktoré zobrazuju
hodnotenia a recenzie zakaznikov. [4]

Efekt nulovych niakladov (zero-cost effect) — Zakaznici maju tendenciu preferovat
produkty alebo sluzby, ktoré st prezentované ako ,,zadarmo* (napriklad ,,Doprava zdarma pri
objednavke nad 50 €°). Aj ked by cena dopravy bola len par eur, zdkaznici s ochotni
nakupit’ viac, aby dosiahli ,,bezplatni* sluzbu. [3]
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Efekt znaimeho mena (brand familiarity heuristic) — Spotrebitelia su nachylnejsi
doverovat’ znackam, ktoré poznaju, aj ked’ redlne nemusia byt kvalitnejSie nezZ menej zndme
alternativy. E-shopy tuto heuristiku vyuzivajud pri budovani dovery v nové produkty
prostrednictvom spoluprace s influencermi, pozitivnych recenzii a marketingovych kampani.

2]

2. Vplyv dizajnu a uZivatel’skej skisenosti (UX) e-shopov

Dizajn e-shopu a jeho pouzivatel'ska privetivost’ (UX) s rozhodujuce pre udrzanie
pozornosti zdkaznika a znizenie miery odchodov zo stranky (bounce rate). [5] Klucoveé
aspekty zahtiiaju:

Jednoduchost’ a intuitivnost’ navigacie — Ak sa zdkaznik rychlo dostane k informaciam
o produkte a moze pohodlne dokoncit’ objednavku, zvySuje sa pravdepodobnost’ konverzie.
Komplikovany nakupny proces s nadbytocnymi krokmi moze sposobit’ frustraciu a opustenie
stranky. [7]

Kvalitné obrazky a videa produktov — Vyskumy ukazujt, ze spotrebitelia sa rozhoduju
skor na zaklade vizualnej prezentdcie nez textovych popisov (Pieters & Wedel, 2004).
Interaktivne prvky, ako 360° zobrazenie produktu alebo video recenzie, mézu zvysit' doveru
zakaznikov v kvalitu produktu. [3]

Pouzitie farieb a psychologie dizajnu — Farby mézu vyvolat’ ro6zne emdcie; napriklad
cervena podporuje impulzivne nakupy, zatial' ¢o modra vyvolava doveru. Niektoré e-shopy
testuji rozne farebné schémy pomocou A/B testovania, aby zistili, ktoré kombinécie prinaSaji
vysSie konverzie. [4]

3. Socidlne dokazy a recenzie zakaznikov

Podl’a principu socidlneho dokazu (social proof) I'udia CastejSie robia rozhodnutia na
zaklade spravania inych. V e-commerce sa to prejavuje cez: [10]

Recenzie a hodnotenia produktov — 88 % spotrebitelov doveruje online recenziam
rovnako ako osobnym odporicaniam. [10] E-shopy Casto pouzivaji verifikované recenzie,
aby zvysili ich doveryhodnost'.

Pocet predanych kusov a oznaCenia popularity — Napriklad frazy ,,Najpredévanejsi
produkt* alebo ,,Obl'ibend vol'ba zdkaznikov* mdzu vyrazne zvysit predajnost’.

User-Generated Content (UGC) — Obsah vytvoreny zakaznikmi, ako su fotky alebo
videorecenzie, mdze zvySit doveryhodnost e-shopu. Mnoho znaciek vyuziva UGC v
reklamnych kampaniach na socialnych sietach. [12]

4. FOMO (Fear of Missing Out) a ¢asovo obmedzené ponuky
FOMO, alebo strach zo zmeskania vyhodnej prilezitosti, je jednym z najsilnejSich
psychologickych efektov v online nakupovani. Tento fenomén sa vyuziva v marketingu
prostrednictvom: [11]
e Casovo obmedzenych zliav (,,Zl'ava konéi o 3 hodiny!“)
e Obmedzenej dostupnosti (,,Zostava uz len 2 kusy na sklade!*)
e Exkluzivnych pontk pre vernych zakaznikov [11]
Vyskumy ukazuju, ze tieto taktiky mozu zvySovat’ impulzivne ndkupy a urychlovat
rozhodovanie zdkaznikov. [11]

5. Personalizacia ponuky a behavioralne cielenie

Personalizicia sa stala nevyhnutnou sti¢astou moderného e-commerce, priCom vd’aka
vyuzitiu umelej inteligencie (Al) a analyzy velkych dat mozu e-shopy prispdsobovat’ obsah
jednotlivym zdkaznikom. Personalizovany obsah zvySuje pravdepodobnost konverzie a
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podporuje lojalitu zdkaznikov, pretoZe sa citia, Ze ponuka je §itd na mieru ich potrebam.
Medzi najefektivnejSie personalizacné stratégie patria: [6]

Dynamické ceny — Ceny produktov sa méZu menit’ podl'a dopytu, historie prehliadania
zakaznika, sezonnosti ¢i konkuren¢nych cien. Napriklad zdkaznici, ktori uz viackrat navstivili
stranku a prezerali si konkrétny produkt, mézu vidiet’ ponuku s personalizovanou zl'avou, aby
ich e-shop motivoval k nédkupu. [6]

Personalizované e-maily a reklamy — Napriklad sprava typu ,,Videli ste tento produkt?
Teraz ho mate so zlavou 10 %!“ motivuje zakaznika k navratu na stranku. Al dokéaze
analyzovat’ predchddzajiice nadkupné spravanie zakaznikov a posielat’ im cielené ponuky
podra ich preferencii. [6]

Retargeting reklamy — Ide o zobrazovanie reklam na produkty, ktoré si zakaznik
predtym prezeral. Ak si napriklad zakaznik pozrel konkrétnu topanku, ale neuskuto¢nil nakup,
po odchode z e-shopu mu mézu byt zobrazované reklamy na tuto topanku na Facebooku,
Instagrame alebo Google Ads. Retargeting reklamy majii vysokii mieru konverzie, pretoze
oslovuju zakaznikov, ktori uz prejavili zaujem o produkt. [6]

Personalizované zl'avy a vernostné programy — Zakaznici, ktori pravidelne nakupujt v
e-shope, moZzu dostavat’ Specialne zl'avy na zaklade svojej ndkupnej historie. Napriklad e-
shopy mozu poslat’ zl'avovy koéd ,Dakujeme, Ze ste s nami! Ziskavate 15 % zlavu na vas
d’als$i nakup.* [6]

Geolokacné cielenie (Geo-targeting) — E-shopy mozu upravovat’ svoje ponuky podla
lokality zdkaznika. Napriklad ak zdkaznik nakupuje z krajiny, kde je chladné pocasie, e-shop
mu moZze primdrne zobrazovat zimné oblecenie alebo ponukat’ Specidlne sezonne akcie. [6]

Psychologické efekty personalizacie

Personalizované odporucania a cielend reklama vyuZzivaju viaceré psychologické
mechanizmy na ovplyvnenie spotrebitel'ského spravania:

Efekt reciprocity — Ak e-shop ponukne zdkaznikovi Specidlnu zl'avu len pre neho,
zakaznik sa moze citit’ zaviazany a bude mat’ va¢Siu motivaciu uskutocnit’ nakup. [13]

Efekt potvrdenia (confirmation bias) — Zakaznici maju tendenciu vyberat’ si produkty,
ktoré podporuju ich uz existujice preferencie. Odportcacie algoritmy tento efekt umociuju
tym, ze zédkaznikom zobrazuju produkty podobné tym, ktoré si uz kupovali. [14]

Efekt straty (loss aversion) — Personalizované ponuky mozu byt ¢asovo limitované
(,,Tato ponuka plati len 24 hodin!*‘), ¢im vytvaraju pocit naliehavosti a motivuju zdkaznikov k
rychlemu rozhodnutiu. [15]

Etické aspekty personalizacie a behavioralneho cielenia

Hoci personalizacia prinaSa zdkaznikom vyhody v podobe relevantnejSich ponuk a
pohodlnejSieho nakupovania, mdéze vzbudzovat’ aj obavy o sukromie a ochranu osobnych
udajov. Niektori spotrebitelia st skepticki vo€i sledovaniu ich online sprdvania a mozu
povazovat’ prili§ personalizované reklamy za rusivé alebo invazivne. [§]

Regulacie ako GDPR (General Data Protection Regulation) v Eurdpskej Gnii zaviedli
prisnejSie pravidla na ochranu osobnych tdajov, pricom e-shopy musia ziskavat’ explicitny
suhlas zdkaznikov na sledovanie ich spravania a personalizaciu reklam. Rovnako je dblezité,
aby e-shopy transparentne informovali zdkaznikov o tom, ako vyuzivaji ich udaje a
poskytovali moznost’ nastavit’ si preferencie tykajlice sa personalizacie. 8]

Personalizdcia a behaviordlne cielenie st silnymi nastrojmi, ktoré mozu vyrazne
zvysit’ predaje a zlepsit’ zdkaznicku skiisenost’. Spravne nastavena personalizdcia umoZziuje e-
shopom efektivnejSie oslovovat’ zdkaznikov a ponukat’ im relevantny obsah. Zaroven vsSak
musia spolo¢nosti najst’ rovnovahu medzi personalizaciou a ochranou sukromia, aby si ziskali
a udrzali doveru zakaznikov. [8]
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Tento teoreticky prehlad ukazuje, Ze psychologia hra kI'icova ulohu v online
nakupovani. V dalSej Casti ¢lanku sa pozrieme na konkrétne vyskumy a pripadové Stadie,
ktoré dokazuju, ako tieto faktory ovplyviiuji rozhodovanie zdkaznikov v praxi. [8]

Vysledky sekundarnych vyskumov a pripadové Stidie

Vyskumy v oblasti e-commerce a psycholdgie spotrebitel'ského spravania dokazuju,
ze rozhodovanie zékaznikov je ovplyvnené Sirokou Skalou faktorov, od vizualneho dizajnu
webu az po recenzie a personalizované odporucania. Tato Cast Clanku sa zameriava na
empirické studie, ktoré analyzuju, ako jednotlivé psychologické faktory ovplyvituju ndkupné
rozhodovanie.

1. Vplyv recenzii a socialneho dékazu na konverzie

Viacer¢ Stadie potvrdili, Ze recenzie maju zasadny vplyv na doveru zédkaznikov a ich
rozhodnutie o nakupe.

Vyskum spolocnosti BrightLocal ukazal, ze az 88 % spotrebitelov doveruje online
recenziam rovnako ako osobnym odporucaniam. [10]

Ako ¢asto spotrebitelia Citaju online recenzie, pri hfadani miestnych podnikov?
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Obrazok 1 Vyskum BrightLocal (2025), Zdroj: vlastné spracovanie (2025)

Pripadova S$tudia Booking.com: Booking.com vyuziva socidlny dokaz vo forme
upozorneni ako ,,Tento hotel si prave rezervovalo 5 I'udi* alebo ,,Posledna dostupna izba!*.
Tato stratégia zvySuje pravdepodobnost’ okamzit¢ho rozhodnutia a minimalizuje odklad
nakupu. [9]

Vysledky tychto §tadii naznacuju, Ze transparentnost’ a pozitivne hodnotenia moézu
vyrazne zlepsit’ predajnost’ produktov v e-shopoch.

2. Efekt kotvy a psychologia cien v praxi
Efekt kotvy (anchoring effect) hra doleziti tilohu pri vnimani cien spotrebitel'mi. [16]
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Arielyho xperiment ukézal, Ze ak zakaznikom najskor zobrazime vysSiu cenu (napr.
,povodna cena: 100 €), budu ochotnejsi akceptovat’ zI'avnentl cenu (napr. ,.teraz len 75 €),
aj ked’ ide o marketingovy trik. [17]

Stadia od autorov Kim & Kim analyzovala efekt kotvy v 30 e-shopoch a zistila, ze
produkty, ktoré prezentovali ,,pdvodnu“ a ,aktudlnu® cenu, mali o 35 % vySSiu mieru
nakupov nez produkty bez zl'avneného vizuélu. [18]

Pripadova $tadia Amazon: Amazon bezne pouziva efekt kotvy tym, Ze uvadza ,,beznti
cenu vedl'a aktualnej zlavnenej ceny. Tato taktika zvySuje vnimanu hodnotu produktu a
podporuje rozhodnutie o nakupe. [19]

Z tychto zisteni vyplyva, ze spravne nastavenie cenovej stratégie a jej vizualna
prezentacia mozu pozitivne ovplyvnit’ predajnost’ produktov.

3. FOMO a vplyv ¢asovo obmedzenych ponuk

FOMO (fear of missing out) je psychologicky fenomén, ktory spdsobuje, zZe
spotrebitelia konaji impulzivne, ak maji pocit, Ze mozu stratit’ vyhodn ponuku. [11]

Stadia autorov Dhara & Nowlisa zistila, Ze ked” bol produkt oznageny ako ,,dostupny
len do polnoci®, jeho predaj vzrastol o 42 % v porovnani s produktmi bez casového
obmedzenia. [20]

Experiment Kristoffersona a kolektivu ukdazal, Ze online nakupujici sa o 30 %
ochotnejsi kupit’ produkt, ak vidia frdzu ,,Zostava poslednych 5 kusov!*. [21]

Vysledky ukazujt, ze strategické pouzitie ¢asovo obmedzenych ponuk dokaze zvysit
impulzivne ndkupy a podporit’ okamzZiti konverziu.

4. Personalizovany marketing a jeho vplyv na vernost’ zakaznikov

Personalizdcia ponuky na zéklade spravania zakaznikov sa stala neoddelitel'nou
sucast’ou moderné¢ho e-commerce.

Vyskum spolocnosti Accenture ukdzal, ze az 91 % zadkaznikov je ochotnych
nakupovat’ u znaciek, ktoré im poskytuju personalizované odporticania. [22]

Pripadova stidia Netflix a Spotify: Hoci nejde o e-shopy, Netflix a Spotify vyuzivaja
personalizované odporucania na udrzanie zakaznikov. Rovnaky princip aplikuju e-shopy, ako
napriklad Zalando alebo About You, ktoré zobrazuji personalizované produktové navrhy na
zaklade historie prehliadania. [23], [24], [25], [26]

Data naznacuju, Ze spravne nastavena personalizdcia méze zvysit' lojalitu zakaznikov
a opakované nakupy.

5. Gamifikacia ako stratégia zvySovania zapojenia ziakaznikov

Gamifikacia je technika, ktora vyuziva herné prvky na zvySenie angazovanosti
zakaznikov.

Vyskum Hamariho a kolektivu ukazal, Ze zdkaznici su o 26 % viac motivovani k
nakupu, ak je ndkupna skisenost’ prepojena s hernymi prvkami, ako st vernostné body alebo
odmeny. [27]

Pripadovéa Stadia Starbucks Rewards: Starbucks pouzZiva gamifikovany vernostny
program, v ktorom zdkaznici zbieraju hviezdicky za nakupy a ziskavaji odmeny. Téato
stratégia zvySuje frekvenciu ndkupov a lojalitu zdkaznikov. [28]

Gamifikacia sa tak ukazuje ako efektivny nastroj na zvySovanie zdkaznickej aktivity a
udrZanie ich pozornosti v e-shopoch.

Vysledky vyskumov a pripadovych §tudii ukazuja, ze psychologické faktory zohravaja
zasadnu Ulohu v online nakupovani. Socidlny dokaz, efekt kotvy, FOMO, personalizicia a
gamifikacia su silnymi nastrojmi, ktoré dokézu ovplyvnit’ rozhodovanie zakaznikov a zvysit
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predajnost’ produktov. Nasledujiica Cast’ ¢lanku sa bude venovat' diskusii o praktickych
aplikaciach tychto poznatkov v e-commerce a moznych etickych otazkach.

Diskusia

Psychologia spotrebitel'ského spravania v e-commerce je komplexny fenomén, v
ktorom zohravaju ulohu roézne kognitivne procesy, emdécie a behavioralne vzorce. Vysledky
vyskumov a pripadovych §tadii naznacuju, Ze strategické vyuzitie psychologickych efektov,
ako su socidlny dokaz, efekt kotvy, FOMO ¢i personalizdcia, méze vyrazne zvysit mieru
konverzie a lojalitu zakaznikov. V tejto Casti diskutujeme o praktickych implikéciach tychto
poznatkov, ako aj o etickych otazkach suvisiacich s ich vyuzivanim v online marketingu. [11]
[27]

1. Ako mo6Zu e-shopy vyuzit’ psycholégiu na zvySenie predaja?

Z vyskumov vyplyva niekol’ko odporacani, ktoré moézu e-shopy implementovat’ na
optimalizaciu svojich marketingovych stratégii:

Transparentné a pozitivne recenzie — KedZe spotrebitelia sa pri rozhodovani
spoliehaju na socidlny dokaz, e-shopy by mali aktivne podporovat hodnotenie produktov,
zobrazovat' redlne recenzie a vyuzivat UGC (user-generated content), ako su fotografie
zakaznikov. [10]

Vhodna cenova stratégia — Efekt kotvy ukazuje, ze spravna prezentdcia cien (napr.
povodna vs. zlavnena cena) dokdZe zmenit® vnimanie hodnoty produktu a podporit
impulzivne rozhodovanie. [3]

Casovo obmedzené ponuky a limitované zasoby — FOMO efekt je silnym motivatorom
k rychlemu rozhodovaniu. E-shopy mdézu vyuZzivat’ upozornenia ako ,.Zostadva poslednych 5
kusov* alebo ,,Zl'ava plati len dnes*, ¢im zvySuju tlak na okamzity nakup. [11]

Personalizdcia a odporafania — Algoritmy e-shopov moézu na zdklade
predchéadzajicich ndkupov a spravania zakaznikov pontkat’ personalizované produkty, ¢im
zvySuju pravdepodobnost’ d’alSieho nakupu. [6]

Gamifikacia a vernostné programy — Motivovanie zakaznikov prostrednictvom
zbierania bodov, odmien a interaktivnych prvkov moze viest k vys$Sej miere zapojenia a
opakovanych nakupov. [27] [28]

Tieto faktory mozu prispiet k efektivnejSej optimalizécii predajnych procesov a
lepSiemu zakaznickemu zazitku.

2. Mozné rizika a etické otazky psychologickych stratégii v e-commerce

Aj ked psycholégia spotrebitel'ského spravania moze byt silnym nastrojom na
podporu predaja, jej vyuZivanie prinasa aj urcCité rizika a etické dilemy:

Manipulativne cenové stratégie — Prili§ agresivne vyuzivanie efektu kotvy alebo
dynamického ocenovania moéze viest k strate dovery zdkaznikov. Napriklad umelé
nafukovanie ,,pévodnej ceny* pred zI'avou mdze byt vnimané ako neetické. [3]

FOMO a tlak na impulzivne nakupovanie — Aj ked cCasovo obmedzené ponuky
zvysuju predaj, mozu u zakaznikov vyvoldvat’ stres a podporovat’ nezodpovedné finan¢né
rozhodovanie. Etické e-shopy by mali zabezpecit, Ze takéto ponuky nie st zavadzajtce. [11]

Zneuzitie personalizacie a ochrana osobnych tudajov — Hoci zakaznici ocenuju
personalizované odporti¢ania, nadmerné sledovanie ich spravania moze poOsobit invazivne.
GDPR a d’alsie regulécie zaviedli opatrenia na ochranu spotrebitel'skych dat, ktoré musia e-
shopy dodrziavat'. [6]

Socialny dokaz a falosné recenzie — Niektoré e-shopy pouzivaji neautentické recenzie
na zvySenie doveryhodnosti produktov. Takéto praktiky mozu viest’ k zavadzaniu zdkaznikov
a dlhodobo poskodit’ reputaciu znacky. [10]
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E-shopy by preto mali zodpovedne vyvazovat marketingové stratégie tak, aby
vyuzivali psychologické faktory eticky a transparentne. Dlhodobd dovera zikaznikov je
dolezitejSia nez kratkodobé zisky. [10]

3. Buducnost’ psychologie spotrebitel’ského spravania v e-commerce

Technologické inovécie a rastica uloha umelej inteligencie (AI) v e-commerce
naznacuju, ze psycholdgia spotrebitel'ského spravania sa bude neustile vyvijat. Niektoré
trendy, ktoré mozu v budicnosti zohravat’ vyznamnil tlohu, zahtiiaji: [1]

Pokrocild personalizacia pomocou Al — Algoritmy budu Coraz presnejSie analyzovat
preferencie zakaznikov a ponukat’ hyperpersonalizované nakupné skusenosti. [1]

Virtudlna realita a roz§irena realita v e-commerce — Moznost’ ,,vyskusat’ si“ produkty v
digitdlnom prostredi (napr. oblecenie, nabytok) mdze zvysSit doveru zdkaznikov a znizit
mieru vratenia tovaru. [19]

Viacsi doraz na etické a udrzatel'né nakupovanie — Spotrebitelia st Coraz viac citlivi na
hodnoty znaciek, ekologické aspekty a transparentnost’ obchodov. E-shopy, ktoré zohl'adnia
tieto faktory, mozu ziskat’ konkuren¢na vyhodu. [2] [3]

Regulacie a ochrana spotrebitelov — Oc¢akéva sa, ze legislativa v oblasti digitadlneho
marketingu a ochrany osobnych udajov bude ¢oraz prisnejSia, ¢o mdze ovplyvnit’ stratégie e-
commerce. [6]

Vyskumy ukazuju, Ze psychologické faktory zohravajii zdsadnti ulohu pri formovani
spotrebitel'ského spravania v online prostredi. E-shopy mozu efektivne vyuzivat stratégie
zaloZzené na socialnom dokaze, cenovych heuristikdich, FOMO efekte a personalizacii, aby
zvysili svoje konverzné miery. Zaroven je vSak dolezité, aby tieto techniky boli aplikované
transparentne a eticky, ¢im si predajcovia zabezpecia dlhodobu doveru zakaznikov. [11]

S rozvojom technologii, umelej inteligencie a zmien v legislative sa psychologia
online nakupovania bude nad’alej vyvijat. Firmy, ktoré pochopia a spravne implementuju
tieto psychologické principy, ziskaji vyznamnt konkurenént vyhodu v digitdlnom prostredi.

Zaver

Psychologia spotrebitel'ského spravania zohrava klucova ulohu v e-commerce a
vyznamne ovplyviiuje nakupné rozhodovanie zakaznikov. Na zaklade vysledkov vyskumov a
pripadovych studii mozno konstatovat’, ze faktory ako socidlny dokaz, efekt kotvy, FOMO,
personalizdcia ponuky a gamifikdcia su ucinnymi nastrojmi na zvySenie konverzii a
zakaznickej lojality v online prostredi.

Jednym z najddlezitejSich zisteni je, ze zékaznici sa pri rozhodovani spoliehajii na
recenzie, hodnotenia a odporii¢ania ostatnych spotrebitel'ov. Kvalitnd vizualna prezentécia,
intuitivny dizajn e-shopu a dobre nastavené cenové stratégie dokazu vyznamne ovplyvnit’ ich
vnimanie hodnoty produktov. Taktiez Casovo obmedzené ponuky a prvky personalizovaného
marketingu mézu urychlit’ ndkupné rozhodnutia a podporit’ impulzivne nakupovanie.

Na druhej strane, vyuzivanie psychologickych stratégii v e-commerce prinasa aj etické
vyzvy. Zavadzajuce recenzie, agresivne cenové manipulécie i neetické vyuzivanie FOMO
efektu mozu poskodit’ doveru zdkaznikov a dlhodobo ovplyvnit’ reputaciu e-shopu. Preto je
dolezité, aby podniky aplikovali psychologické principy zodpovedne a v sulade s etickymi
normami.

S rasticim vyznamom umelej inteligencie, pokrocilej personalizicie a novych
technologii sa spotrebitel'ské spravanie bude nad’alej vyvijat. Budice vyskumy by sa mohli
zamerat’ na hlbsSiu analyzu efektivity jednotlivych psychologickych technik, ich vplyv na
dlhodobé zidkaznicke vztahy a na hladanie rovnovéhy medzi efektivnostou marketingu a
ochranou spotrebitel’a.
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Psychologia v e-commerce tak pontka nielen Siroké moznosti pre optimaliziciu
predajnych stratégii, ale zadroven kladie otazky o etike digitdlneho marketingu a jeho vplyve
na spravanie moderného spotrebitela
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Abstract: This paper examines the evolving landscape of digital competency requirements
within the Slovak labor market. The primary objective is to identify and categorize specific
digital skills. The research methodology is based on a quantitative content analysis of 384 job
advertisements from major recruitment platforms.
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Introduction

Digital competencies constitute a fundamental pillar of the modern digital economy and
society. The level of these skills directly influences the capacity of individuals, enterprises, and
public institutions to adapt to technological changes, implement digital innovations, and operate
effectively in an environment driven by data and connectivity. To quantify these capabilities,
the European Commission developed the Digital Economy and Society Index (DESI), a
complex analytical tool that enables the monitoring and benchmarking of digital progress across
European Union member states. The index evaluates national performance through four
primary dimensions: Connectivity, Human Capital, Integration of Digital Technology, and
Digital Public Services. Since 2023, DESI has been integrated into the Digital Decade report,
monitoring progress toward the EU’s 2030 digital targets [1].

This study places particular emphasis on the second dimension - Human Capital. This
category encompasses the digital proficiency of the general population and IT professionals,
factors that are critical for strategic business management, innovation capacity, and economic
competitiveness. Current data indicates that Slovakia faces significant challenges in this
area. Since 2021, the share of citizens with at least basic digital skills has declined from 55 %
to 51%, widening the gap with the EU average. Furthermore, in advanced digital skills, Slovakia
reaches only 22%, falling short of the EU average of 27% and its own 2030 target of 30% [2,3].

The primary aim of this paper is to investigate the current demand for digital proficiency
within the Slovak labor market through a quantitative content analysis of 384 job
advertisements. By utilizing the European Digital Competence Framework (DigComp 2.2), this
research seeks to delineate how digital requirements vary across key economic sectors -
including manufacturing, ICT, and services and according to organization size. The resulting
empirical data serves as a foundation for optimizing business models and bridging the divide
between academic preparation and market expectations in the digital economy [4,5].
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Research Objectives and Problem Definition

The primary aim of this paper is to investigate the current demand for digital proficiency
within the Slovak labor market. The research specifically focuses on the "competency gap", the
persistent misalignment between the sophisticated requirements of the digital transformation
era and the actual skill sets possessed by job seekers. This disparity is identified as a significant
bottleneck, obstructing the seamless adoption of Industry 4.0 standards, and undermining the
overall competitive edge of domestic enterprises.

Beyond identifying general trends, this study seeks to delineate how digital
requirements vary across key economic sectors (including manufacturing, services, ICT, and
commerce) and according to organization size. The resulting empirical data serves as a
foundation for a comprehensive research framework dedicated to optimizing business models
for the digital economy.

Methodology and Data Acquisition

This study employs a quantitative research design, utilizing systematic observation and
rigorous content analysis of job vacancies. The data collection phase was conducted between
July 15 and September 22, 2025, targeting a randomized selection of prominent recruitment
portals active in the Slovak Republic.

To maintain theoretical and terminological rigor, the European Digital Competence
Framework (DigComp 2.2) was adopted as the primary reference for skill categorization.
Requirements were systematically coded into five core competency areas and further
segmented into two distinct proficiency tiers:

e Foundational Digital Literacy: Representing the baseline requirements for
participation in the digital workforce. This tier encompasses information management

(e.g., productivity suites like MS Office or Google Workspace), digital collaboration

(e.g., MS Teams, Slack), basic content generation, and essential cybersecurity protocols

(e.g., GDPR compliance).

e Strategic Digital Competencies: Representing advanced skills necessary for driving
organizational transformation. This includes complex problem-solving via digital tools

(e.g., ERP systems, Power BI, Python), process automation (Al, Cloud computing,

RPA), advanced cyber-defenses, and strategic digital leadership.

Statistical Validity and Sampling
To ensure the representativeness of the findings given the vast population of total job
advertisements, the required sample size (n) was determined using Cochran’s Formula:

_Z*.p(1-p)
=T

The calculation utilized a confidence level of 95% (Z=1,96), an estimated population
proportion of p=0,5 (to account for maximum variability), and a 5% margin of error (E=0,05).
Consequently, the minimum threshold for a statistically significant sample was established
at n=384 postings, providing a reliable reflection of market trends with a +5%precision.

Analytical Framework

The extracted data underwent systematic coding and was processed using Microsoft
Excel. The analysis leveraged descriptive statistics to evaluate the frequency and distribution
of specific digital competencies, allowing for a comparative study across various industries and
enterprise scales. This research was conducted independently by the authors and was entirely
self-funded.
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Results
Data Sources for Primary Research via Recruitment Platforms

The initial phase of the primary research involved a systematic selection of recruitment
platforms to ensure a diversified and representative sample of the Slovak labor market. As
illustrated in Table 1, the data corpus was constructed to capture a wide array of economic
segments, ranging from traditional industrial hubs to specialized technological niches. The
primary objective was to achieve a balanced dataset reflecting the requirements of various
economic sectors and enterprise sizes.

Table 1 Distribution of primary data sources

PLATFORM PLATFORM AEXIIYSS ZI?E%)OJEB TARGET DATA ACCESS
NAME TYPE POSTINGS SECTORS METHOD
National Manufacturing, Manual filtering
PROFESIA.SK 150 Services, and coding of
platform . . .
Administration postings
LINKEDIN International IT, Management, Equrt apd
80 . categorization of
JOBS platform Finance ]
positions by sector
PRACUJ.SK National 70 Trade, Mar.ketlng, Text ana!ys1s of job
platform Logistics advertisements
. Industry,
KARIERA.SK National 50 Manufacturing, Manual data
platform . collection
Services
JOOBLESK | Asgregation 34 Various sectors IS
platform observation
TOTAL 384

Source: Own processing based on systematic observation of job advertisements on recruitment
platforms in the Slovak Republic between July 15 and September 22, 2025

The largest share of data originated from Profesia.sk (39%), which serves as the
dominant benchmark for national labor trends in Slovakia, particularly in manufacturing,
services, and administration. This was strategically supplemented by LinkedIn Jobs, which
provided insights into high-tier managerial and specialized ICT positions requiring advanced
digital competencies such as Al, data analytics, and cloud computing. To ensure a holistic view,
portals such as Pracuj.sk, Kariéra.sk, and Jooble.sk were integrated into the research. These
platforms expanded the database to include a higher representation of Small and Medium-sized
Enterprises (SMEs), thereby enabling a robust comparative analysis of digitalization
requirements across different size categories.

Ultimately, the total number of analyzed job postings was established at 384. This
sample size was determined through a statistically representative calculation, ensuring a 95%
confidence interval with a 5% margin of error, thus providing a reliable empirical foundation
for the subsequent analysis of the digital skills gap.

The research evaluated the demand for digital proficiency through two primary lenses:
economic sector and enterprise scale. As detailed in Table 2 (see on page 4), the findings
illustrate how digital requirements are structurally distributed across the Slovak labor market.
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Table 2 Sectoral vacancies by organization size

SMALL MEDIUM LARGE SHARE
SECTOR ENTERPRISES ENTERPRISES ENTERPRISES O 4L (N 9%)
IT SECTOR 2 35 41 98  255%
INDUSTRY AND 0
MANUFACTURING 28 46 36 110 28,6%
TRADE AND 0
SERVICES 25 30 25 80 20,8%
FINANCE AND 0
BANKING 10 26 30 66 17,2 %
LOGISTICS AND 0
TRANSPORT 8 12 10 30 7.8 %
TOTAL 93 149 142 384 100 %

Source: Own processing based on systematic observation of job advertisements on recruitment
platforms in the Slovak Republic between July 15 and September 22, 2025

The analysis indicates that the Manufacturing and Industry sector remains the largest
contributor to job vacancies (28,6%). This segment acts as a primary driver of digitalization,
where requirements are increasingly shaped by Industry 4.0 standards. It is closely followed by
the ICT sector (25,5%), which is characterized by a high concentration of roles requiring
advanced technical expertise, including programming, cloud architecture, and cybersecurity. In
the Trade and Services sector (20,8%), digitalization manifests through the automation of sales
and customer-centric platforms (CRM and e-commerce), while the Financial and
Banking sector (17,2%) prioritizes data analytics and Business Intelligence (BI).
Although Logistics and Transport represents the smallest share (7,8%), a gradual shift toward
intelligent warehouse and route optimization systems is evident.

A significant finding of this study is the high concentration of demand within larger
organizational structures. Medium (39%) and large enterprises (37%) collectively generate
76% of the analyzed postings. This suggests that the "digitalization momentum" is
predominantly driven by entities with the capital capacity and strategic infrastructure necessary
to implement complex digital transformations, such as ERP system administration and large-
scale process automation.

In contrast, small enterprises account for 24% of the total sample. Their demand remains
more conservative, focusing largely on foundational digital competencies, including office
productivity tools (MS Office), online communication, and basic e-shop administration. This
disparity underscores a significant gap in digital maturity: while larger corporations pursue
transformative, data-driven strategies, smaller firms remain in a transitional phase, focusing on
essential operational digitalization.

Main Part of Primary Research on Recruitment Platforms

The granularity of digital requirements varies significantly across industries, as detailed
in Table 3 (see page 5). The ICT sector displays a near-saturation of demand for advanced
technical skills (92%) and cybersecurity (75%), highlighting its role as the technological
vanguard.
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Table 3 Matrix of digital skill requirements by industry (in %)
ADVANCE CYBERSE DIGITAL

BASIC  pbiGITAL  cURITY  communic  AUTOMAT
SECTOR DIGITAL ION AND
oiLls  SKILLS(BL  AND ATION S
AL CLOUD) DATA  (CRM, ERP)
IT SECTOR 45% 92% 75% 65% 40%
INDUSTRY AND ) ) ) 0 0
MANUFACTURING | 0% 50% 25% 60% 65%
TRADE AND
SERVICES 85% 40% 20% 70% 15%
FINANCE AND . . ) 0 0
BANKING 60% 80% 70% 55% 25%
LOGISTICS AND
TRANSPORT 75% 45% 30% 50% 359

Source: Own processing based on systematic observation of job advertisements on recruitment
platforms in the Slovak Republic between July 15 and September 22, 2025

As evidenced by Table 4, there is a linear correlation between the size of an enterprise
and the complexity of required digital competencies. Small enterprises predominantly seek
"Foundational Literacy" (88%), with negligible requirements for Al or advanced data analytics

(10 - 12%).

Table 4 Proficiency levels relative to enterprise size

DIGITAL

ENTERPRISE ~ BASIC ?Egﬁl\ﬁgi]i MANAGEMEN AIAND DATA  CYBERSE

SIZE SKILLS T(ERP,CRM,  ANALYTICS  CURITY

SKILLS B

SMALL . ) ) : :
ENTERPRISES | 587 25% 35% 10% 12%
MEDIUM . ) ) 0 0
ENTERPRISES | /°7° 45% 55% 20% 25%
LARGE . ) i 0 0
ENTERPRISES | 007 70% 80% 40% 45%

Source: Own processing based on systematic observation of job advertisements on recruitment
platforms in the Slovak Republic between July 15 and September 22, 2025

In contrast, the Manufacturing sector exhibits a specialized demand profile where
"Automation and Robotics" (65%) outpaces general "Advanced Digital Skills" (50%),
reflecting the sector's focus on physical-digital integration. The Finance and Banking sector
shows a high correlation between advanced analytics (80%) and data security (70%),
emphasizing the sector's reliance on Business Intelligence and risk management.

Table 5 (see page 6) synthesizes the relationship between industry type and company
size, acting as a proxy for the "digitalization index" of the Slovak economy. The IT and
Finance sectors emerge as leaders in digital adoption regardless of company size. However, the
most profound "digital divide" is observed in Trade, Services, and Logistics, where small firms
significantly lag their larger counterparts. This disparity underscores the need for size-adaptive
business models that facilitate digital entry for smaller market players.
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Table S Digitalization density matrix (sector vs. size)

SECTOR SMALL MEDIUM LARGE
ENTERPRISES ENTERPRISES ENTERPRISES
IT SECTOR 65% 80% 95%
INDUSTRY AND . . .
MANUFACTURING 30% 53% 5%
TRADE AND SERVICES 25% 40% 60%
FINANCE AND BANKING 50% 70% 85%
LOGISTICS AND . , .
TRANSPORT 35% 45% 65%

Source: Own processing based on systematic observation of job advertisements on recruitment
platforms in the Slovak Republic between July 15 and September 22, 2025

The "Digital Leap" occurs in the transition to medium and large enterprises, where
requirements for Digital Management (ERP, CRM, BI) jump to 55% and 80%, respectively.
This data confirms that large-scale organizations have moved beyond basic productivity tools
toward strategic, data-driven management ecosystems.

The final analysis, presented in Table 6, categorizes the findings according to the
standardized DigComp 2.2 framework. The results indicate a "pyramid structure" of skills:
1. The Base: Information and Data Literacy (72%) remains the most universal
requirement.
2. The Middle: Communication and Content Creation (65% and 43%) are standard for
administrative and marketing roles.
3. The Apex: Problem Solving and Safety (37% and 21%) represent the specialized tier.

Table 6 Frequency of digital areas according to DigComp 2.2

MOST
DI(([})IIEAC%‘;/I%])EA DESCRIPTION lil{NA?FI]I:)FIII:IIC%E) FREQUENTLY
REQUESTED SKILLS
INFORMATION AND Working with digital 729 MS Office, Excel,
DATA LITERACY information and data Google Workspace
COMMUNICATION AND | Digital communication, 65% Teams, Outlook, Slack,
COLLABORATION CRM, and collaboration CRM systems
Working with
DIGITAL CONTENT documents, 43% WordPress,
CREATION presentations, and PowerPoint, Canva
content
. GDPR, password
SAFETY Data I;rotectlo_n and 21% management, antivirus
cybersecurity systems
Digital innovations,
PROBLEM SOLVING data analysis, 37% EII){;’IE;’IW;&EL
automation ’

Source: Own processing based on systematic observation of job advertisements on recruitment
platforms in the Slovak Republic between July 15 and September 22, 2025

The relatively low emphasis on Safety (21%) is a critical finding, suggesting a "security

awareness gap" in the Slovak labor market, which could pose long-term risks for national digital
resilience.
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Discussion

The empirical evidence gathered from the content analysis of Slovak job advertisements
confirms a deepening structural imbalance in the labor market. While employer expectations
are rapidly advancing toward the "Strategic Tier" of digital proficiency, the general workforce
development (as indicated by the DESI index) appears to be stagnating or even declining.

e The Sectoral Divide (Digital Dualism): Our research identifies a clear "double speed"
digital economy in Slovakia. On one hand, the ICT and Finance sectors are already
operating within the paradigms of Industry 4.0, requiring sophisticated skills in Al and
cloud architecture. On the other hand, traditional sectors like Manufacturing and Trade
are still struggling to bridge the gap in foundational information literacy.

e SME:s as a Vulnerable Segment: A critical observation is the "readiness gap" in Small
and Medium-sized Enterprises (SMEs). With only 12% of SME job postings requiring
advanced data analytics compared to 44% in large corporations, there is a significant
risk that smaller firms will be excluded from the benefits of digital transformation due
to a lack of human capital.

e The Security Awareness Deficit: Despite the rising frequency of cyber threats, the area
of "Safety" (according to DigComp 2.2) remains underrepresented in job requirements
(21%). This suggests that Slovak employers may be underestimating the importance of
cybersecurity as a cross-cutting competency, focusing instead on immediate operational
productivity.

Conclusion

This study provides a comprehensive mapping of the digital skills demand in the Slovak
Republic, utilizing a representative sample of 384 job vacancies across various economic
sectors. The findings confirm that digital competency has transitioned from a specialized asset
to a universal prerequisite for labor market participation.

The research successfully identified that enterprise size and sectoral affiliation are the
primary determinants of digital requirement complexity. Large enterprises in technologically
intensive industries act as the main drivers of digital innovation, while the SME sector remains
focused on basic operational tools. The "mismatch" identified between market needs and the
actual proficiency of the workforce (as highlighted by the decline in basic skills to 51% in recent
DESI reports) represents a significant barrier to Slovakia’s long-term economic resilience and
its competitive position within the European Digital Decade 2030 framework.

Recommendations
Based on the empirical findings and subsequent analysis, the following strategic
recommendations are proposed:

e Alignment with DigComp 2.2 Framework: Educational institutions and vocational
training providers should harmonize their curricula with the European Digital
Competence Framework. This shift should move beyond teaching specific software
(e.g., MS Excel) toward fostering broader digital problem-solving and critical data
management.

e Targeted Upskilling for SMEs: Policymakers should design, and fund digital
transition programs specifically tailored for Small and Medium-sized Enterprises. These
programs should focus on lowering the barrier to entry for advanced tools like CRM,
ERP, and basic data analytics.

e Cross-Sectoral Cybersecurity Integration: Cybersecurity should be promoted not
just as a technical skill for IT specialists, but as a "basic hygiene" requirement for all
administrative and managerial roles, given the increasing data exposure of all business
processes.

1/2026 25



Posta, Telekomunikécie a Elektronicky obchod DOI: 10.26552/pte.C.2026.1.3 ISSN 1336-8281

e Strengthening Business-Academia Partnerships: To mitigate the "skills mismatch,"

a more dynamic feedback loop is required between major employers (especially in the
Industrial and IT sectors) and universities to ensure that graduates possess the "Strategic
Digital Competencies" identified in this research.
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AGILE DEVELOPMENT OF OPTIMIZATION APPLICATIONS WITH
AN EXPERIMENTAL BACKLOG
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Abstract: We describe how to apply agile and hypothesis-driven practices to optimization
software development. By adding experimental backlog items that pair user stories with solver
tasks, data tests, and clear hypotheses, each sprint delivers both a functional increment and a
statistically validated improvement. The approach is grounded in agile values and evidence-
based management.

Keywords: Agile development, optimization, hypothesis-driven development, backlog, data
test

Introduction

Agile software development emphasizes iterative delivery, customer collaboration, and
responsiveness to change [5]. In many industries, decision-support and optimization
applications are critical for improving efficiency (e.g. logistics routing, scheduling, resource
planning). Yet OR solutions often require extensive tuning and their real-world impact can be
uncertain until measured. Traditional waterfall or ad hoc approaches may deliver a solver but
not guarantee it yields better outcomes for users. We propose combining agile user stories with
experimental methods so that every increment is also a small experiment testing a hypothesis
about improvement. In our approach, each sprint does not just produce code, but also collects
evidence that the change improves a key metric (e.g. cost, time, service level). This fusion of
agile and hypothesis-driven development ensures validated learning: teams learn whether their
solver changes actually deliver value before moving on [1][2].

The remainder of this article develops a structured methodology for this approach. We
review agile and hypothesis-driven practices, discuss how to adapt them to optimization
projects, and then describe practical processes and artifacts. We include templates and examples
for backlog items (linking user stories to solver tasks and experiments), a sample sprint
schedule, a flowchart of the process, and tables illustrating roles and criteria. Guidance is
offered for different team sizes and solver types.

Background: Agile and Hypothesis-Driven Development

Agile development is grounded in the values of the Agile Manifesto: prioritizing
individuals and interactions, working software, customer collaboration, and responding to
change [5]. Agile teams break work into short iterations (sprints) and continuously incorporate
feedback. A common framework is Scrum: a Product Owner maintains a product backlog of
prioritized user stories, the development team implements features in time-boxed sprints (often
1-4 weeks), and each increment delivers potentially shippable software.
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Traditional user stories follow the form “As a [role] I want [capability] so that [value]”.
However, in Hypothesis-Driven Development (HDD), each story is reframed as an experiment:
teams explicitly state what they believe will happen and how they will measure it[4]. Barry
O’Reilly (Lean Enterprise) suggests a template like:

We believe [this change/capability] will result in [expected outcome], and we will have
confidence when [measurable signal of success][1].

For example: We believe that adding memory-caching to our route optimization engine
will result in a 20% reduction in average solve time, and we will have confidence to proceed
when we observe this speedup on sample workload tests.

In agile parlance, this means backlog items include not just feature descriptions but also
hypotheses and metrics. After implementation, teams gather data (via A/B tests, benchmarks,
user trials, etc.) to validate or refute the hypothesis [1][4]. Work is only “done” when the
hypothesis has been tested and validated (or refuted) with real data. As O’Reilly notes,
combining continuous delivery with hypothesis-driven development makes validated learning
the primary measure of progress: “we should not say we are done until we have measured the
value of what is being delivered’[1]. In short, agile plus experimentation ensures teams build
the right solution, not just some solution.

Agile in Optimization and OR Projects

Applying agile methods to optimization/OR projects is gaining attention. Like data
science, optimization development sits between research and engineering. Vidoni et al. (2020)
surveyed agile adoption in OR, noting that both OR and software projects share similar phases
(requirements, design, implementation, testing, deployment). They map agile artifacts (user
stories, backlogs, releases) to OR artifacts (problem statements, mathematical models, solution
outputs)[3]. For example, a Scrum-style product backlog of features can align with an OR
backlog of mathematical models to build or refine, and acceptance tests can incorporate model
validation or performance tests[3].

Crucially, Vidoni identifies team and project characteristics for agile in OR. Small teams
(3-5 people) with limited agile experience may start with lightweight, incremental approaches
(Type A methods), whereas larger or distributed teams (6—12+) can adopt fuller Scrum
processes (Type B)[3]. This suggests tailoring the methodology: a small team might combine
roles (the same person may handle both OR modeling and data analysis), while a medium team
might have distinct roles for product owner, analyst, developer, and tester. Longer projects or
those in rigid environments might integrate more documentation and formal planning, while
short cycles focus on delivering incremental models and insights[3].

In all cases, the goal is to make optimization development iterative and empirical.
Instead of delivering one big optimization model after long upfront work, teams break the
problem into increments (for example, solve smaller subproblems or add features to the model
in phases). After each sprint, they evaluate outcomes (e.g. solution quality, computational
performance, business metrics). This mirrors agile’s embrace of change and feedback, but with
a twist: the feedback is quantitative validation of the solver’s effectiveness.

Connecting User Stories, Solver Stories, and Experiments
User Stories and Solver Stories

In a standard Scrum project, a user story captures a customer need. For optimization
projects, we similarly define user stories that reflect operational pain points. Example: “As a
delivery dispatcher, I want the system to compute vehicle routes minimizing total distance, so
that fuel costs are reduced.” This story focuses on end-user value (cost reduction). The
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development team then breaks it down technically. We introduce solver stories (or technical
stories) as a way to document algorithm/model tasks derived from the user story. A solver story
might be: “Implement a Mixed-Integer Programming (MIP) model for vehicle routing including
time windows.” This is not phrased as an end-user need but as a technical task aligned with the
user story’s goal.

By linking these, we ensure traceability: each solver story has a parent user story. For
example, the solver story above explicitly supports the dispatcher’s need. In agile terms, the
product backlog contains both user stories (customer-facing features) and technical backlog
items (solver/model tasks). Each item should have acceptance criteria. For a user story,
acceptance might involve both functional verification (the Ul shows routes) and metric
verification (routes are within X% of optimal). For a solver story, acceptance would include
correctness (the model solves test instances) and performance (solution time or quality meets
expectations).

The key is that solver stories incorporate algorithmic improvements: choosing heuristics
vs exact methods, tuning parameters, adding constraints, etc. Example solver story: “As a
developer, I want to implement a novel heuristic that uses historical traffic data to seed initial
routes”. Its acceptance criteria might include benchmark results on historical datasets. In effect,
the development team views algorithm development as a sequence of agile stories, with each
increment building and testing some aspect of the solver.

This approach contrasts with traditional OR development where a model might be fully
built and only then tested. Instead, each sprint delivers a partial solver enhancement that is
immediately tested.

Hypotheses and Data Tests

Every backlog item (user or solver story) carries an explicit hypothesis about
improvement. Following the hypothesis-driven template[4], we require something like: “We
believe that [change] will result in [quantified outcome], and we will have confidence when
[metric threshold] is met.” For the dispatcher example:

We believe adding historical traffic data to the routing solver will reduce average delivery time
by 15%. We will have confidence in this hypothesis when, in test simulation on last month’s
orders, the average time reduces by at least 15% compared to the baseline solver.

The hypothesis frames the experiment. Next, a data test plan specifies how to measure:
this might be an A/B test in production, a simulation using historical data, or a dedicated
benchmark. For instance, one could “run the legacy solver and the new solver on a 10-day
sample of routes and compare metrics.” The data test identifies datasets, metrics, and analysis
method. Common metrics include percentage improvement in cost, time, or service level, and
statistical significance criteria for A/B tests. (A data scientist or QA engineer typically designs
these tests.) For optimization tasks, data tests often simulate real scenarios: e.g. backtesting,
Monte Carlo, or pilot deployment.

By codifying these, each sprint yields not only “working code” but also empirical
results. If the hypothesis is confirmed (success metric reached), the feature is validated. If not,
the team learns and can pivot: perhaps the approach needs revision or a different assumption.
Importantly, this ensures we don’t continue down unpromising paths indefinitely — unvalidated
assumptions surface early.

Evidence-based management frameworks also suggest measuring outcomes (e.g.
customer satisfaction, business value) rather than outputs[2][1]. In our method, that means
every acceptance criterion includes not just technical correctness but evidence of value. For
example, “Total delivery time reduced by >15% in pilot” rather than just “routes computed
within 5s”.
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Experimental Backlog Methodology

We now outline how a sprint-based process incorporates these ideas. The heart of the
methodology is the experimental backlog: a product backlog that mixes regular features with
items framed as experiments (hypotheses). As Scrum.org notes, we should “include
‘experimental’ backlog items...work driven by a clear future-looking hypothesis, work that has
clearly defined value’[2]. In practice:

1. Backlog Refinement: The Product Owner (often with input from data analysts and
stakeholders) writes or refines backlog items. Each item has: (a) a description (user or
solver story), (b) an explicit hypothesis (“We believe X yields Y”), (c) a data test plan,
and (d) a quantifiable success metric. Tools like user story templates can be extended to
include these fields.

2. Sprint Planning: The team selects a set of backlog items for the sprint, balancing
feature development, algorithm improvements, bug fixes, and experiments. For each
experimental item, plans are made to gather data (e.g. reserve test cases, schedule an
A/B run).

3. Implementation: Developers and optimization experts implement the feature/solver
enhancements. Concurrently, data engineers prepare data sets and test infrastructure
needed to evaluate them.

4. Execution and Testing: Once implemented, the team immediately runs the defined data
tests. This could be automated benchmarks, simulation runs, or A/B testing in a
controlled environment.

5. Review: The sprint review includes not only a demo of new functionality but also a
presentation of results: e.g. performance graphs, statistical analysis, or pilot outcomes.
The hypothesis is either accepted (if metrics are met) or investigated further.

6. Retrospective & Learning: The team reflects on both the development process and the
experimental outcomes. If a hypothesis failed, the next sprint’s backlog may include
refined experiments or new ideas.

Key to this workflow is that “Done” means tested for value. For example, Definition of
Done for a solver story might be: code is merged, unit tests pass, and experiment confirms the
expected improvement (or clearly documents the result). This ensures validated learning
becomes part of the Definition of Done[1].

Roles, Artifacts, and Acceptance
The experimental backlog approach involves both traditional agile roles and roles
specific to OR:

Table 1. Roles, artifacts, and example acceptance criteria in the experimental backlog
methodology.

Role Artifacts/Deliverables Acceptance Criteria

Product Owner Product Backlog (with prioritized Stories with clear value

/ Stakeholder user stories and experiments), product hypotheses; backlog reflects
vision stakeholder goals

Scrum Master /  Sprint backlog, burndown charts, Team follows process;

Coach retrospective notes impediments removed; process

improvements made

Developer / OR  Working code (software components, Code compiles; unit tests and
Modeler solver modules), mathematical model validations pass;
models satisfies solver constraints
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Role Artifacts/Deliverables Acceptance Criteria

Data Scientist/  Test datasets (real/synthetic), Data tests are executed; metrics

Analyst benchmark results, A/B test reports collected; statistical analysis
done

Tester / QA Acceptance test scripts, regression All functional tests pass; new

tests features meet performance

targets

Defining Done: Functionality and Validated Improvement

Traditionally, “Done” for a user story means the feature is coded, tested, and deployed.
Here we add a scientific element: observing the intended outcome. A useful guideline (inspired
by Evidence-Based Management) is that progress is measured in customer/business
outcomes[2]. Thus, after a sprint, the team should be able to point to data confirming
improvement. If not, they have learned that more work is needed or the assumption was wrong.

Consider an example acceptance for a backlog item: “Route computation time must be
under 10 seconds and average delivery distance must decrease by at least 5% on our test set.”
Both parts are mandatory. If the code meets the first criterion but not the second, the item is not
done in our methodology — the hypothesis is unproven. This may generate new backlog items
(e.g. “investigate why distance did not drop”).

This tight linkage between building and measuring increases accountability and aligns
the team with business goals. It also justifies the sprint investment: each sprint yields both
software and insight (validated or not), rather than producing features of unknown value.

Example Backlog Table

Table 2 shows sample backlog items combining user stories, solver stories, and data
tests. Each row has an ID, type, description, hypothesis, data test, success metric, priority, and
planned sprint. This illustrates how to record and prioritize experimental items.

Table 2. Sample backlog items (US=user story, SS=solver story, DT=data test) with linked
hypotheses and metrics.

Success
ID Type Description Hypothesis Data Test Metric Priority Sprint
USI User Asa Using Compare >15% High 1
Story  dispatcher, I advanced distances on  reduction
want the routing will ~ historical in avg.
system to reduce avg. orders (old  distance
optimize distance by VS new
delivery >15%. solver).
routes to
minimize
distance.
SS1 Solver Enhance Including Simulate >10% High 1
Story  routing traffic data routes drop in
solver: will cut with/without avg. travel
integrate travel time traffic data  time
real-time by >10%. on sample
traffic data cases.
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Success
ID Type Description Hypothesis Data Test Metric Priority Sprint
additional
cost factor.
DT1 Data  Benchmark N/A (baseline Run current Record Medium 1
Test current measurement solver on baseline
solver on for 100 cases; distance,
baseline comparison)  record time, cost
dataset of metrics.
100 cases.
US2 User Asan Constraint Testnew CP 100% Medium 2
Story  operator,]I = programming model on schedules
want solver will 200 crew feasible
scheduling  ensure 100%  scenarios. (no
to consider  feasible violations)
crew schedules.
availability
so that
schedules
are feasible.
SS2  Solver Implement CP-SAT Run CP- >25% High 2
Story CP-SAT yields SAT vsold faster
model for solutions solver on 50 average
scheduling  25% faster sample solve time
with crew than current  tasks.
constraints.  heuristic on

ISSN 1336-8281

average.

Each item in the backlog table spans multiple categories: types (user, solver,
experiment) and fields ensure traceability. Prioritization depends on business impact and
feasibility. For instance, US1 and SS1 are high priority to quickly validate the core routing
improvement. US2 and SS2 may be scheduled in Sprint 2 after initial successes.

Guidance for Team Sizes and Solver Types

Team Size. Small teams (3—5 people) should keep processes lightweight. Roles may be
combined: for example, one person might be both product owner and analyst, or a developer
might write and run experiments. Sprints might be 1 week long to maintain focus.
Communication is easy in co-located small teams, but they should still explicitly allocate time
to run experiments (not all developers may be experienced with statistical testing). Large or
medium teams (6—12) can separate roles: a dedicated analyst can design experiments, and a
scrum master can facilitate. Sprints of 2-3 weeks allow for more complex work. Medium teams
should also maintain a living backlog document with hypotheses and metric results clearly
recorded (for knowledge sharing). In either case, cross-functional training (developers learning
basic stats, analysts understanding code) helps.

Solver Type. The development process can adapt to different solver approaches:

e Heuristic/Metaheuristic: These solvers often evolve incrementally (e.g. adding a new
local search operator). The backlog can capture each heuristic enhancement as a story,
with experiments comparing solution quality or speed. A/B tests might be Monte Carlo

1/2026 32



Posta, Telekomunikécie a Elektronicky obchod DOI: 10.26552/pte.C.2026.1.4  ISSN 1336-8281

simulations. Because heuristics may have randomness, multiple runs and statistical

measures (mean, variance) should be used.

e Mixed-Integer Programming (MIP): Building an MIP model (e.g. in Gurobi) is often
heavy but can be modularized. Early sprints might implement a basic model without all
constraints (validating feasibility), then iteratively add constraints (time windows,
capacities) in later sprints. Each addition is a solver story with a hypothesis (e.g. "adding
constraint X will increase solution time by < Y%"). Data tests involve solving
benchmark instances; success metrics cover optimality gaps or solve times.

e Constraint Programming (CP): CP models (e.g. OR-Tools CP-SAT) similarly are
built iteratively. CP is often used when feasibility is tricky; initial stories might focus
on correct constraint encoding. The incremental approach works well here, too: each
sprint adds or refines a constraint or heuristic in the CP search. Metrics involve
constraint violation rates or solve speed.

The common thread is that no matter the technique, backlog items describe both what
is built and how its effect will be evaluated. For instance, a solver story for a heuristic might
hypothesize a quality improvement, whereas a MIP story might focus on performance or
robustness.

Conclusion

Integrating agile development with an experimental mindset is essential for building
optimization applications that deliver real value. By structuring backlog items as hypothesis-
driven experiments, teams make data-driven decisions at every sprint. This approach aligns
with agile values of collaboration and responsiveness[5] while adding a scientific rigor to
validation[1][2]. The methodology presented here — roles and artifacts tables, backlog
templates, sample sprint plan, and diagrams — provides a practical guide for teams of varying
size.

In practice, this means no more “just fixing bugs or adding features” in optimization
projects; every change is asked, “How will we know this improved things?”. The examples and
templates can be adapted: for instance, an airline crew-scheduling team might use CP stories
and test with historical rosters; a supply-chain planner might add inventory heuristics and test
with rolling forecasts.

Ultimately, every sprint concludes not just with working software but with validated
learning: evidence that the optimization solution moves the needle on key metrics. Over
successive sprints, this leads to continual operational improvement and high confidence in the
optimization software’s impact.
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Abstract: This paper examines the advantages of deploying electric trucks in transport
logistics, with emphasis on environmental, economic, and social implications. It also aims to
strengthen the algorithmic basis for mathematical and economic modelling of logistics
networks in the context of digitalization and advanced transport technologies.

Keywords: Mathematical model, electric truck, transport logistics

Introduction

Efficient transport networks are fundamental to the movement of people and goods and
therefore to economic and social development. In many parts of the world, however, traffic
congestion has intensified because of increased motorization, urban growth, population
expansion, and changing settlement patterns. These pressures undermine social welfare and
economic performance by increasing travel time, fuel consumption, and air pollution, while
simultaneously reducing the effective use of transport infrastructure. For this reason, transport
regulation and infrastructure management remain essential societal responsibilities. Rather than
relying solely on the construction of new road systems, recent advances in electronics,
communications, control systems, computing, and sensor technologies make it possible to
develop more effective policies for using the existing network more efficiently. Such
technologies support more accurate traffic data collection, better control interventions, and a
reduction in the uncertainty that characterizes contemporary transport systems.

The successful implementation of intelligent transport systems requires an
understanding of traffic dynamics at both local and system levels, including disturbances such
as shock-wave formation and propagation, congestion onset, and related nonlinear effects. It is
equally important to understand how users interact with the transport system. Because transport
systems are highly complex and dynamic, simplified mathematical representations are often
inadequate. More advanced modelling approaches are needed to capture causality, coupling,
feedback effects, and the sometimes chaotic behavior of transport phenomena. Such models
support both the design and the management of modern transport systems.

The driving range of an electric vehicle is not a fixed value; instead, it varies according
to operating conditions and driving cycles. For that reason, manufacturers and researchers need
models that estimate range on the basis of representative traffic and driving cycles. In the source
manuscript, vehicle power reserve is assessed by means of a mathematical model incorporating
four driving cycles, the forces acting on the vehicle, the lengths of the cycles, and resistive
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forces during motion, while accounting for electric-motor efficiency in order to estimate overall
energy consumption.

Literature review

Logistics and transportation are central to the functioning of the global economy and to
wider social and economic development. Because the sector contributes substantially to
regional GDP and has expanded steadily under globalization and the growth of international
trade, operations research and computer science have studied logistics systems for decades with
the aim of increasing efficiency. One of the most established research themes in this area is the
modelling and optimization of vehicle tours, commonly referred to as the Vehicle Routing
Problem (VRP) [1]. The basic capacitated version of the VRP addresses customer demand
under vehicle capacity limits, while time-window formulations extend the problem by assigning
service intervals to depots and customers. More realistic variants, often described as rich VRPs
[2] or multi-attribute VRPs [3], incorporate additional operational constraints and attributes.

Much of the classical VRP literature assumes fleets composed exclusively of internal
combustion engine vehicles, yet this assumption no longer reflects current transport realities.
Road transport consumes a major share of oil use in Europe and the United States and
contributes substantially to transport-related carbon emissions. One response is to include
emissions costs directly in routing objectives [4,5]. Another is to adopt alternative propulsion
technologies, including electric and plug-in hybrid vehicles, though these require models that
explicitly address their technological characteristics. Cities increasingly promote EV
technologies to improve urban air quality, and adoption has been encouraged by corporate
decarbonization goals, volatility in petroleum costs, public subsidies, and improvements in
alternative-energy technologies [6]. At the same time, deficiencies remain, especially in battery
energy density, charging duration, and charging-station availability. Although long range and
acquisition cost historically limited EV adoption, technological progress and rising fuel prices
continue to improve competitiveness [6].

Transport externalities also remain central to the debate. Air pollution, noise,
congestion, infrastructure wear, visual intrusion, and accidents all impose costs that are not
always incorporated into transport planning. Because transport consumes more than one quarter
of global energy, these externalities must be considered if long-term sustainability is to be
achieved [7]. Research has focused particularly on air and noise pollution, yet the valuation of
transport externalities remains unsettled, especially in Europe [8]. Electrified mobility
introduces its own strategic questions, including how many charging stations are required,
where they should be located, and what capacity they should provide [9]. Vehicle range must
likewise be considered in route design [10]. Moreover, if electricity generation continues to rely
heavily on carbon-intensive primary energy sources, the environmental benefit of e-mobility
may be limited in the medium term unless charging is increasingly supplied by renewables
[11,12]. For that reason, sustainable freight electrification must be approached within a broader
energy-system perspective.

The literature also addresses policy evaluation and operational deployment. One study
proposes a framework for assessing policy options that support EV use in urban freight transport
[13]. Taefi compares EV-based distribution with alternative strategies using a multi-criteria
approach and concludes that electric medium-duty freight vehicles become financially
attractive only at higher annual mileages, when lower operating costs offset battery replacement
expenditures [14]. Deflorio and Castello model traffic impacts associated with electric medium-
sized vans in freight distribution [15]. Cagliano and colleagues analyze the diffusion of low-
impact commercial vehicles in urban contexts while taking key operational factors into account
[16]. Tan et al. examine a remote-driving platform as a possible response to last-mile transport
problems [17].
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Characteristics of an Electric Vehicle

A driving cycle is a sequence of speed—time observations used to evaluate vehicle
performance under standardized conditions. Pure battery electric vehicles rely on a single
energy-source system. In operation, the traction battery supplies electrical energy through a
power distribution unit to the motor control unit, which converts high-voltage direct current
into alternating current for the traction motor. The motor transforms electrical energy into
mechanical energy and transmits it to the wheels through a reduction gear. When regenerative
braking is enabled, part of the vehicle’s kinetic energy is transferred back through the drivetrain
to the motor, which then acts as a generator and returns electrical energy to the battery.

To model vehicle range across different motion cycles, the source text first computes
acceleration for each segment of the cycle. Acceleration is expressed as the derivative of vehicle
speed with respect to time:

v
T Tar

The dynamic force is then calculated as
F;=0+y)ma
where y denotes the coefficient accounting for the inertia of rotating parts, given in the
source as y = 0.1. Total resistance is defined as the sum of rolling resistance and
aerodynamic resistance:
F=F+F,
Aerodynamic resistance increases with speed and frontal area and is expressed as
F, = SkV?
where S is frontal area and k is the streamlining coefficient:

k = 0.5C;pqir

Using pgir = 1.225 kg/m?3 and C, = 0.35, the source obtains k ~ 0.21. The frontal
area is calculated from the empirical relation

S =0.9hb = 0.9 X 1.705 x 1.585 = 2.43 m?
The rolling-force component is written as
F. =mgf;
where m is vehicle mass, g =9.81 m/s?, and f, = 0.015 for asphalt-concrete

pavement. Three operating cases are distinguished in the source text: traction, coast-down, and
braking mode:

31

= F; + F. (traction)
. = F, (coast-down)
FE. = F; — F. (braking)
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Mechanical power is defined as the product of wheel force and instantaneous speed:
Precnh = FilV

Energy consumption in traction mode is the time integral of traction power:

t
E. = J P, (t)dt
0

where the source expresses traction electrical power as a function of mechanical power
and drivetrain efficiencies. In braking mode, the electrical energy returned to the battery is

t
E;, = f P, (t) dt
0

with braking electrical power depending on the same efficiency chain, but in the reverse
direction. The manuscript further explains that mechanical braking power may be derived from
the change in kinetic energy over the braking interval.

The battery energy state is described by a piecewise relation that subtracts consumed
energy in traction mode and adds regenerated energy in braking mode, while accounting for
average battery efficiency 14cym = 97%:

E
EO _ cons
Ef = Nacum
EO + Egennacum
For comparative purposes, the specific energy consumption is defined per unit

distance as

Ey
Esvec = 35007

in Wh/km, where 1/3600 converts joules into watt-hours. The state of charge is then
expressed as the remaining battery energy relative to full capacity:

Ey
SoC =—=—x100%
Eo
Finally, the vehicle range estimate is obtained from the proportionality relation

l E
le E
which yields
E c

where [ and E, denote the distance and energy consumption associated with one motion
cycle, and E is total traction-battery capacity.

Electric trucks and transport logistics

The source manuscript presents electric trucks as a major shift in contemporary transport
logistics and identifies several categories of benefit.
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Electric trucks reduce direct tailpipe emissions and therefore lower local emissions of
nitrogen oxides, carbon dioxide, and particulate matter. Their environmental profile
becomes still more favorable when the electricity used for charging is generated from
renewable sources.

They may offer economic benefits through lower fuel and maintenance costs over their
operational life, while government incentives, toll reductions, access privileges for low-
emission zones, and related policy measures can mitigate high upfront acquisition costs.
Electric drivetrains are more energy-efficient than internal combustion technologies,
which means that a larger share of stored energy is converted into useful motion.
Electrification supports regulatory compliance in jurisdictions with increasingly strict
emissions standards and may help operators’ future-proof their fleets against later
restrictions on diesel vehicles.

Electric trucks reduce operational noise, which is especially valuable in dense urban and
residential settings and may expand the feasibility of night-time distribution.

Ongoing improvements in battery performance, charging speed, and renewable-energy
integration strengthen the technological viability of electric trucks while also supporting
corporate sustainability image and stakeholder relations.

In that sense, the transition toward electric freight transport can contribute

simultaneously to environmental, economic, and reputational goals.

Table 1. Electric Truck Market Development in Czechia and Slovakia at the Turn of 2025

and 2026.
Topic Czechia Slovakia
Electric trucks in 184 BEV trucks in categories 77 BEV trucks in categories
operation, end of N2/N3 N2/N3
2025
New electric truck 136 new BEV trucks Smaller market; confirmed stock

registrations in 2025

reached 77 vehicles by year-end

Electric trucks in
operation, Q1 2026

233 BEV trucks in categories
N2/N3

Exact total not specified in the
earlier data

Q1 2026 market
share

1.4% of new truck registrations

0.4% of new truck registrations

Typical use cases

Urban logistics, municipal
services, regional distribution,
depot-based fleets

Early fleet deployment, pilots,
urban/regional logistics

Market maturity

Early commercial scaling

Pilot / early adoption phase

Main growth drivers

Purchase subsidies, depot
charging support, first public
heavy-truck charging sites

More available truck models,
planned high-power charging
infrastructure

Main barriers

Still limited heavy-duty public
charging network

Low adoption, weaker purchase
support, limited high-power
truck charging

Table 1 compares the development, market uptake, typical applications, maturity,
growth drivers, and key barriers of battery-electric trucks in Czechia and Slovakia. It covers
vehicles in the N2 and N3 categories at the end of 2025 and during the first quarter of 2026.
Data for 2026 refer only to Q1 and should not be interpreted as full-year results.
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Conclusion

This paper offers a simplified mathematical account of the benefits associated with
integrating electric trucks into transport logistics. It argues that the adoption of electric vehicles
in road distribution, especially in urban environments, is promising but still far from fully
realized. At the same time, broader deployment raises strategic and operational problems,
including the design of charging or battery-swapping networks, decisions about the size and
composition of mixed fleets, route-feasibility constraints associated with heterogeneous vehicle
ranges, time-window limitations driven by charging requirements, and supply-chain-wide
economic effects. The source concludes that new optimization and hybrid optimization—
simulation methods, especially those capable of handling uncertainty and dynamic scenarios,
are essential if logistics systems are to transition effectively toward more sustainable energy
sources.
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