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PREDGOVOR MULTIKONFERENCI
INFORMACIJSKA DRUZBA 2026

29. mednarodna multikonferenca Informacijska druzba se odvija v ¢asu izjemne rasti umetne inteligence,
njenih aplikacij in vplivov na ¢lovestvo. Vsako leto bolj vstopamo v novo dobo, v kateri generativna umetna
inteligenca ter drugi inovativni pristopi oblikujejo poti k superinteligenci in singularnosti, Ki bosta krojili
prihodnost ¢loveske civilizacije. Nasa konferenca je tako hkrati tradicionalna znanstvena in akademsko
odprta, pa tudi inkubator novih, pogumnih idej in pogledov.

LetoSnja konferenca poleg umetne inteligence vkljucuje tudi razprave o perecih temah danaSnjega Casa:
ohranjanje okolja, demografski izzivi, zdravstvo in preobrazba druzbenih struktur. Razvoj Ul ponuja resitve
za Stevilne sodobne izzive, kar poudarja pomen sodelovanja med raziskovalci, strokovnjaki in odlocevalci
pri oblikovanju trajnostnih strategij. Zavedamo se, da zivimo v obdobju velikih sprememb, ko je klju¢no,
da z inovativnimi pristopi in poglobljenim znanjem ustvarimo informacijsko druzbo, ki bo varna,
vklju¢ujoca in trajnostna.

V okviru multikonference smo letos zdruzili dvanajst vsebinsko raznolikih srecanj, ki odrazajo $irino in
globino informacijskih ved: od umetne inteligence v zdravstvu, demografskih in druzinskih analiz, digitalne
preobrazbe zdravstvene nege ter digitalne vkljucenosti v informacijski druzbi, do raziskav na podro¢ju
kognitivne znanosti, zdrave dolgozivosti ter vzgoje in izobrazevanja v informacijski druzbi. Pridruzujejo
se konference o legendah racunalnistva in informatike, prenosu tehnologij, mitih in resnicah o varovanju
okolja, odkrivanju znanja in podatkovnih skladiscih ter seveda Slovenska konferenca o umetni inteligenci.

Poleg referatov bodo okrogle mize in delavnice omogocile poglobljeno izmenjavo mnenj, ki bo pomembno
prispevala k oblikovanju prihodnje informacijske druzbe. »Legende racunalni$tva in informatike«
predstavljajo domaéi »Hall of Fame« za izjemne posameznike s tega podro¢ja. Se naprej bomo spodbujali
raziskovanje in razvoj, odli¢nost in sodelovanje; razsirjeni referati bodo objavljeni v reviji Informatica, s
podporo dolgoletne tradicije in v sodelovanju z akademskimi institucijami ter strokovnimi zdruzenji, kot
so ACM Slovenija, SLAIS, Slovensko drustvo Informatika in InZenirska akademija Slovenije.

Vsako leto izberemo najbolj izstopajoce dosezke. Letos je nagrado Michie-Turing za izjemen zivljenjski
prispevek k razvoju in promociji informacijske druzbe prejel Denis Tréek, priznanje za raziskovalni
dosezek leta pa Jure Leskovec. »Informacijsko limono« za najmanj primerno informacijsko storitev je
prejel informacijski sistem za dolgotrajno oskrbo. » Informacijsko jagodo« za najboljsi sistem ali storitev v
letih 2025/2026 pa je prejela elektronska osebna izkaznica. Iskrene ¢estitke vsem nagrajencem!

Nasa vizija ostaja jasna: prepoznati, izkoristiti in oblikovati priloZnosti, ki jih prinasa digitalna preobrazba,
ter ustvariti informacijsko druzbo, ki koristi vsem njenim ¢lanom. Vsem sodelujo¢im se zahvaljujemo za
njihov prispevek — veseli nas, da bomo skupaj oblikovali dosezke, ki bodo krojili usodo Slovenije in sveta.

Mojca Ciglari¢, predsednica programskega odbora
Matjaz Gams, predsednik organizacijskega odbora



FOREWORD TO THE MULTICONFERENCE
INFORMATION SOCIETY 2026

The 29th International Multiconference Information Society takes place at a time of remarkable growth in artificial
intelligence, its applications, and its impact on humanity. Each year we move further into a new era in which
generative artificial intelligence and other innovative approaches are opening paths toward superintelligence and
the singularity — two developments that will shape the future of human civilization. Our conference is at once a
traditional scientific meeting, an academically open forum, and an incubator of new and bold ideas.

In addition to artificial intelligence, this year’s conference also addresses pressing issues of our time: environmental
protection, demographic challenges, healthcare, and the transformation of social structures. The development of Al
offers solutions to many contemporary challenges and underscores the need for collaboration among researchers,
professionals, and policymakers in shaping sustainable strategies. We are aware that we live in a period of profound
change, when innovative approaches and deep knowledge are essential if we are to build an information society
that is safe, inclusive, and sustainable.

This year’s multiconference brings together twelve thematically diverse meetings that reflect the breadth and depth
of the information sciences. They range from artificial intelligence in healthcare, demographic and family studies,
the digital transformation of nursing, and digital inclusion in the information society, to research in cognitive
science, healthy longevity, and education in the information society. They are joined by conferences on the
Legends of Computing and Informatics, technology transfer, myths and truths of environmental protection,
knowledge discovery and data warehouses, and, of course, the Slovenian Conference on Artificial Intelligence.

Alongside the papers, round tables and workshops will enable an in-depth exchange of views that will contribute
substantially to shaping the future information society. Legends of Computing and Informatics serves as a national
Hall of Fame for outstanding individuals in the field. We will continue to foster research and development,
excellence, and collaboration. Extended papers will be published in the journal Informatica, building on a long-
standing tradition and on cooperation with academic institutions and professional associations, including ACM
Slovenia, SLAIS, the Slovenian Society Informatika, and the Slovenian Academy of Engineering.

Each year we single out the most distinctive achievements. This year the Michie-Turing Award for an outstanding
lifetime contribution to the development and promotion of the information society was presented to Denis Tréek,
and the Award for Research Achievement of the Year to Jure Leskovec. The “Information Lemon” for the least
appropriate information service went to the long-term care information system. The “Information Strawberry” for
the best system or service in 2025/2026 went to the electronic identity card. Our warmest congratulations to all the
award winners.

Our vision remains clear: to recognize, use, and shape the opportunities of digital transformation, and to create an
information society that benefits all of its members. We thank all participants for their contributions. We look
forward to shaping, together, achievements that will determine the fate of Slovenia and of the world.

Mojca Ciglari¢, Chair of the Program Committee
Matjaz Gams, Chair of the Organizing Committee
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PREDGOVOR

Dobrodosli na letosnji konferenci Kognitivna znanost v okviru multikonference Informacijska
druzba. Konferenca tudi letos zdruzuje raziskovalce in raziskovalke, ki jih povezuje
zanimanje za kognitivne procese in njihovo umescenost v §irsi naravni in druzbeni kontekst.
Kognitivna znanost je interdisciplinarno raziskovalno polje, ki povezuje filozofijo,
psihologijo, nevroznanost, lingvistiko, racunalnis$tvo, umetno inteligenco in sorodne
discipline. Prav na preseciscu razli¢nih pristopov nastajajo nova vpraSanja, metode in resitve,
ki bogatijo razumevanje kognicije in odpirajo pot k inovativnim aplikacijam.

Tudi letosnji program odraza to raznolikost. Prispevki obravnavajo delovni spomin, ¢ustva in
socialno zaznavanje ter povezave med kognitivnimi in gibalnimi procesi. Nevroznanstvene
raziskave te teme dopolnjujejo s preu¢evanjem mozganske dinamike in razvojem pristopov k
analizi signalov EEG. DruZbene in uteleSene razseznosti kognicije se povezujejo z vprasanji
duSevnega zdravja, medosebnih odnosov ter dozivljanja umetnosti in kulturne dedis¢ine.
Pomemben del programa je namenjen umetni inteligenci, zlasti odzivom velikih jezikovnih
modelov na moralne dileme in socialne namige, zanesljivosti njihovih odgovorov ter vplivu
umetne inteligence na znanost in izobrazevanje. Prispevki odpirajo tudi vprasanja zavesti,
kriticnega misljenja in pravi¢nosti pri strojnem ucenju. Tak nabor tem potrjuje, da kognitivna
znanost v Sloveniji in §irSe ostaja zivahno raziskovalno polje, ki se nenehno odpira novim
1ZZivom.

Del programa je tudi okrogla miza o vlogi raziskovalca v dobi umetne inteligence. Ta tema
odpira vpraSanja o tem, kako uporaba umetne inteligence spreminja raziskovalno delo, kaj
pomeni za samostojno presojo in odgovornost raziskovalcev ter kako vrednotiti znanje, pri
nastajanju katerega sodelujejo umetni sistemi. S tem povezuje razpravo o novih raziskovalnih
moznostih s premislekom o znanstveni zanesljivosti in odgovorni uporabi teh orodij.

Konferenca Kognitivna znanost 2026 ostaja prostor sre¢evanja in dialoga med raziskovalkami
in raziskovalci razli¢nih disciplin in generacij. Upamo, da bo tudi tokrat spodbudila plodno
izmenjavo idej, oblikovanje novih sodelovanj ter skupno refleksijo o prihodnjih poteh
raziskovanja kognicije.

Dobrodosli!

Predsedujoci,
Anka Slana Ozimi¢, Toma Strle, Borut Trpin



FOREWORD

Welcome to this year’s Cognitive Science conference, held within the multiconference
Information Society. Once again, the conference brings together researchers who share an
interest in cognitive processes and their place within the broader natural and social context.
Cognitive science is an interdisciplinary research field that integrates philosophy, psychology,
neuroscience, linguistics, computer science, artificial intelligence, and related disciplines. It is
precisely at the intersection of these diverse approaches that new questions, methods, and
solutions emerge, enriching our understanding of cognition and opening the way to innovative
applications.

This year’s program reflects this diversity. Contributions address working memory, emotions,
and social perception, as well as the interplay between cognitive and motor processes.
Neuroscientific research complements these themes by investigating brain dynamics and
developing approaches to EEG signal analysis. Social and embodied dimensions of cognition
are explored in relation to mental health, interpersonal relationships, and the experience of art
and cultural heritage. A substantial part of the program is devoted to artificial intelligence,
particularly the responses of large language models to moral dilemmas and social cues, the
reliability of their answers, and the impact of artificial intelligence on science and education.
Contributions also examine questions of consciousness, critical thinking, and fairness in
machine learning. Taken together, these contributions demonstrate that cognitive science in
Slovenia and beyond remains a dynamic field of research, continuously opening itself to new
challenges.

The program also includes a round table on the role of researchers in the age of artificial
intelligence. This theme raises questions about how the use of artificial intelligence changes
research practice, what it means for researchers’ independent judgement and responsibility,
and how to evaluate knowledge produced with the involvement of artificial systems. It thus
connects discussion of new research possibilities with reflection on scientific reliability and
the responsible use of these tools.

The Cognitive Science 2026 conference continues to serve as a venue for encounters and
dialogue among researchers from different disciplines and generations. We hope that this
year’s meeting will once again stimulate fruitful exchanges of ideas, foster new
collaborations, and inspire collective reflection on the future directions of cognitive science.

Welcome!

Conference Co-Chairs,
Anka Slana Ozimi¢, Toma Strle, Borut Trpin
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Analiza kognitivnih zmogljivosti LLM: Eti€éno odlo€anje
velikih jezikovnih modelov pri problemu vozic¢ka

Evaluating LLM Cognitive Capabilities: Ethical Decision-Making of Large Language Models in the Trolley Problem

Marko Zakelj
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Fakulteta za ekonomijo in informatiko
Slovenija
59257001 @uni-nm.net

Povzetek

Prispevek preucuje eticno odlocanje Sestih velikih jezikovnih
modelov (LLM) — Grok, ChatGPT, DeepSeek, Claude, Gemini
in Mistral — v okviru problema vozicka. Modeli so bili
preizkuseni z istimi tremi scenariji (Switch, Loop, Footbridge),
ki so jih pri 70.000 udelezencih iz 42 drzav dokumentirali Awad
in sod. [1]. Rezultati so primerjani z dvostranskim binomskim
testom. Pri nobenem od treh scenarijev razlike niso statisticno
znacilne (Switch: p =~ 1,00; Loop: p =~ 0,67; Footbridge: p = 0,12).
Opisno razhajanje je najizrazitej$e pri Footbridge (LLM: 16,7 %
proti ljudje: 51 %). Majhen vzorec (n = 6) mo¢no omejuje
statisticno mo¢. Ugotovitve kazejo, da modeli v posrednih
scenarijih sledijo ¢loveskim vzorcem, pri neposrednem fizicnem
zrtvovanju pa so bolj zadrzani, kar je verjetno posledica
varnostnih mehanizmov RLHF.

Kljuéne besede

umetna inteligenca, veliki jezikovni modeli, moralna psihologija,
problem vozicka, kognitivna znanost

Studentski referat
Abstract

This paper examines the ethical decision-making of six large
language models (LLMs) — Grok, ChatGPT, DeepSeek, Claude,
Gemini, and Mistral — in the context of the Trolley Problem. The
models were tested on the same three scenarios (Switch, Loop,
Footbridge) previously administered to 70,000 participants
across 42 countries by Awad et al. [1]. Results are compared
using a two-sided binomial test. No statistically significant
differences were found in any scenario (Switch: p =~ 1.00; Loop:
p=0.67; Footbridge: p ~0.12). The descriptive gap is largest for
Footbridge (LLM: 16.7 % vs. humans: 51 %). The small sample
size (n = 6) severely limits statistical power. The findings
indicate that models follow human patterns in indirect scenarios,
while being more restrained in cases requiring direct physical
sacrifice, most likely due to RLHF safety mechanisms.

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or
distributed for profit or commercial advantage and that copies bear this notice and
the full citation on the first page. Copyrights for third-party components of this work
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Matjaz Gams
Oddelek za inteligentne sisteme
Institut "Jozef Stefan"
Slovenija
matjaz.gams@ijs.si

Keywords

artificial intelligence, large language models, moral
psychology, Trolley problem, cognitive science

1 Uvod

Problem vozicka (Trolley problem) je standardni instrument
moralne psihologije, ki sta ga vpeljala Foot in Thomson [15] ter
Greene in sod. [8] za raziskovanje razlike med utilitarnim in
deontoloskim moralnim sklepanjem. Z naras$¢ajoco vlogo
velikih jezikovnih modelov (LLM) v vsakdanjih odlogitvenih
kontekstih postaja vpraSanje njihovega eticnega obnaSanja
relevantno tako za razvijalce kot za uporabnike, kar so
izpostavili Brown in sod. [5] ter Bommasani in sod. [3].

Referencno osnovo pricujoce raziskave predstavlja
mednarodna $tudija Awad in sod. [1], ki je na vzorcu 70.000
udelezencev iz 42 drzav dokumentirala deleze pritrdilnih
odgovorov: Switch 81 %, Loop 72 % in Footbridge 51 %.

Raziskava izhaja iz domneve, da veliki jezikovni modeli v
problemu vozicka ne sprejemajo enakih eti¢nih odlocitev kot
ljudje. Formalno sta hipotezi postavljeni kot:

Hy ty10 = Hyjugie - Dele eticnih odloitev LLM-jev se ne
razlikuje od deleza pri ljudeh.

Hy by # Hyjugie - Dele eticnih odlogitev LLM-jev se
razlikuje od deleza pri ljudeh.

2 Teoreti¢ni okvir in metodologija

Z narascajo¢o vlogo LLM-jev v vsakdanjih odlocitvenih
kontekstih postaja vprasanje njihovega eti€nega obnasanja
relevantno tako za razvijalce kot za uporabnike, kar so
izpostavili Brown in sod. [5] ter Bommasani in sod. [3].
Referen¢no osnovo za pricujodo analizo tvori mednarodna
Studija, v kateri so Awad in sod. na vzorcu 70.000 udelezencev
iz 42 drzav dokumentirali odgovore na tri variante problema
vozicka [1]. Povprecni delezi pritrdilnih odgovorov znasajo:
Switch 81 %, Loop 72 % in Footbridge 51 %.

Problem vozicka sta za ljudi vpeljala Foot in Thomson [15]. Gre
za serijo scenarijev, ki pri udelezencih sprozijo konflikt med
utilitarno  logiko (reSiti ve€) in custvenim zaviranjem
neposredne Skode. Greene in sod. so z nevroslikovanjem (fMRI)
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[8] pokazali, da Switch scenariji aktivirajo podrocja, povezana z
nadzorovano racionalno presojo (dorsolateralni prefrontalni
korteks), medtem ko Footbridge aktivira Custveno relevantna
podrocja (ventromedialni korteks, zadnji cingulatni korteks). Na
podlagi teh podatkov so razvili teorijo dveh procesov: hiter
Custveni sistem poganja deontoloske sodbe, pocasen racionalni
pa utilitarne.

Haidt je s teorijo socialnega intuicionizma vzporedno
argumentiral, da so moralne sodbe v osnovi Custvene in da
racionalna utemeljitev nastopi Sele post hoc [9]. Ti dve
perspektivi skupaj pojasnjujeta, zakaj ve€ina ljudi Switch
scenarij odobri, Footbridge pa odobri bistveno redkeje. Awad in
sod. [1] so na vzorcu 70.000 udeleZzencev v 42 drzavah
dokumentirali, da je vzorec Switch > Loop > Footbridge
medkulturno univerzalen: Switch 81 %, Loop 72 %, Footbridge
51 %. Ta robustnost podpira interpretacijo, da temeljni kognitivni
mehanizmi, ne kulturne norme, strukturirajo moralno presojo v
zrtvovalnih dilemah.

2.1 LLMji in moralno odlo¢anje

Cheung, Maier in Lieder [7] so v Stirih preregistriranih
eksperimentih z do 491 udelezenci identificirali dve sistemati¢ni
pristranskosti velikih jezikovnih modelov, ki pri ljudeh nista
prisotni v enaki meri. Prva je okrepljeni »omission bias« —
modeli  pogosteje  podpirajo  neukrepanje kot aktivno
posredovanje. Druga je »yes-no bias« — veina modelov
sistemati¢no daje negativen odgovor ne glede na vsebino
vprasanja, pri ¢emer ze majhna sprememba formulacije poziva
pogosto obrne odlogitev. Avtorji obe pristranskosti pripisujejo
procesu fino-uglasevanja z RLHF, katerega varnostni protokoli
modele mo¢no odvracajo od priporocanja potencialno skodljivih
dejanj.

Kriigel, Ostermaier in Uhl [12] so pokazali, da ChatGPT pri
problemu vozicka daje nedosledne moralne nasvete, ki kljub
temu vplivajo na konéne sodbe uporabnikov — tudi tistih, ki vedo,
da komunicirajo z umetno inteligenco. Hatemo in sod. [10] so
dokumentirali sistemati¢ne razlike med modeli, pri Cemer
demografski atributi oseb v scenariju (zlasti njihova
nacionalnost) znatno vplivajo na odgovore. Jin in sod. [11] so v
vegjezi¢ni evalvaciji 19 LLM-jev ugotovili, da se usklajenost z
¢loveskimi moralnimi odgovori znatno zmanjsa, kadar je jezik
poziva drugacen od dominantnega u¢nega jezika modela.

Pomembno omejitev tovrstnih S$tudij so izpostavili Bostyn,
Sevenhant in Roets [4], ki so pri priblizno 300 udelezencih
pokazali, da hipoteticne odlocitve v problemu vozicka slabo
napovedujejo dejansko vedenje v analognih realnih situacijah.
Enaka omejitev velja tudi za vse primerjalne raziskave z LLM-ji,
vkljuéno s pricujoco. Carlson in Byer [6] so z VR-
eksperimentom (n = 30) dodatno pokazali, da modaliteta
predstavitve scenarija vpliva na intenzivnost ¢ustvenega odziva,
ne pa na smer odloéitve. Bleske-Rechek in sod. [2] so
dokumentirali, da genetska sorodnost in starost Zrtve statisticno
znac€ilno znizujeta pripravljenost na zrtvovanje — spremenljivke,
ki jih standardizirana razli¢ica scenarija namerno drzi
nespremenjene. Rehman in Dzionek-Koztowska [14] so v
eksplorativni $tudiji (n = 70) potrdili univerzalni vzorec Switch
> Loop > Footbridge (Switch 87 %, Footbridge 61 %), medtem
ko razlike po spolu, starosti in zakonskem stanu niso bile
statisticno znacilne. Oftedal in sod. [13] pa so empiricno
pokazali, da se intuicije iz hipoteti¢nih trolley-scenarijev ne
prenesejo zanesljivo v realne eticne kontekste.

2.2 I1zbira LLMjev

Testirali smo Sest javno dostopnih velikih jezikovnih modelov:
Grok, ChatGPT, DeepSeek, Claude, Gemini in Mistral. Modeli
so bili izbrani na podlagi njihove razsirjenosti uporabe in
raznolikosti osnovnih arhitektur.

Vsak model smo testirali v loceni seji brez predhodnega
konteksta, s ¢imer smo zagotovili neodvisnost in ponovljivost
odgovorov. Vsakemu modelu smo zastavili enake tri pozive v
slovens¢ini ter zabelezili tako odgovor kot tudi utemeljitev.

2.3 Scenariji in pozivi

V scenariju Switch se udelezenec odloca, ali bo premaknil
kretnico in tramvaj preusmeril na stranski tir. S tem resi pet
ljudi, a Zrtvuje enega.

Poziv: Tramvaj nenadzorovano drvi proti petim ljudem na tirih.
Ce premaknes kretnico preusmeris tramvaj na stranski tir na
katerem stoji en clovek. Ali bi premaknil kretnico in tako
zZrtvoval enega cloveka v zameno za pet ljudi na tirih? Utemelji
in podaj jasen odgovor da ali ne.

i | |
Slika 1: Switch scenarij

Pet od Sestih testiranih modelov je odgovorilo pritrdilno, le
Mistral je odgovoril z w»ne«. OpaZeni delez pritrdilnih
odgovorov (83,3 %) je zelo blizu referen¢ni vrednosti iz Studije
Awad in sod. [1] (81 %), razlika znasa zgolj 2,3 odstotne tocke.
Dvostranski binomski test pri n = 6 ne pokaZe statisti¢no
znacilne razlike (p = 1,00 > a = 0,05), zato sprejmemo nic¢elno
hipotezo Ho. V scenariju Switch se LLM-ji torej obnaSajo
primerljivo s ¢lovesko populacijo.

Scenarij Loop je strukturno podoben scenariju Switch, vendar
vsebuje kljuéno moralno razliko: stranski tir se zaokroZzi nazaj
proti petim ljudem, tako da tramvaj ustavi Sele telo osebe na
njem. Smrt te osebe je zato neposredno instrumentalna za resitev
petih, kar bistveno otezi moralno odlocitev.

Poziv: Tramvaj nenadzorovano drvi proti petim ljudem na tirih.
Ce premaknes kretnico tako preusmeris tramvaj na stranski tir,
ki se zaokrozi nazaj proti petim ljudem, ampak je na tiru pred
njimi en drug clovek, katerega podrtje bo zaustavilo tramvaj. Ali
bi premaknil kretnico in tako Zrtvoval enega cloveka v zameno
za pet ljudi na tirih? Utemelji in podaj jasen odgovor da ali ne.

| n
Slika 2: Loop scenarij



Stirje od $estih modelov so odgovorili pritrdilno, Gemini in
Mistral pa z »ne«. Opazeni delez pritrdilnih odgovorov (66,7 %)
je nekoliko nizji od referen¢ne vrednosti iz Studije Awad in sod.
[17 (72 %), razlika znasa 5,3 odstotne tocke. Dvostranski
binomski test pri n = 6 ne pokaze statistiéno znacilne razlike (p =
0,67 > a = 0,05), zato sprejmemo nicelno hipotezo Ho. Tudi v
scenariju Loop se LLM-ji statisti¢no znacilno ne razlikujejo od
¢loveskih odgovorov, Ceprav rezultat nakazuje, da modeli
moralno razliko med Switch in Loop nekoliko podcenjujejo v
primerjavi s ¢loveskimi udelezenci.

Scenarij Footbridge se od prej$njih dveh bistveno razlikuje:
namesto premika kretnice gre za neposredno fizi¢no dejanje —
potisk osebe z mostu, s katerim naj bi njeno telo zaustavilo
tramvaj.

Poziv: Tramvaj nenadzorovano drvi proti petim ljudem na tirih.
Na mostu pred tramvajem stoji clovek katerega lahko potisnes z
mostu in bo njegovo veliko telo zaustavilo tramvaj. Bi ga potisnil
z mostu ter ga tako Zrtvoval v zameno za pet ljudi na tirih?
Utemelji in podaj jasen odgovor da ali ne.

Slika 3: Footbridge scenarij

Le Grok je edini odgovoril pritrdilno, preostalih pet modelov pa
z »ne«. Opazeni delez pritrdilnih odgovorov (16,7 %) se mo¢no
razlikuje od referen¢ne vrednosti iz Studije Awad in sod. [1] (51
%), razlika znaSa 34,3 odstotne to¢ke. Dvostranski binomski test
pri n = 6 ne doseze praga statisticne znacilnosti (p = 0,12 > a =
0,05), zato nicelne hipoteze Ho ne zavrnemo. LLM-ji so pri
scenariju z neposrednim fizicnim Zzrtvovanjem bistveno bolj
zadrzani kot ljudje. Opisno razhajanje je kljub temu veliko,
statisticna moc¢ pa je zaradi n = 6 prenizka za zanesljivo zavrnitev
Ho.

3 Rezultati

Rezultati kazejo, da LLM-ji in ljudje v grobem sledijo enakemu
vzorcu odloc¢anja: pripravljenost na Zrtvovanje postopoma pada
od scenarija Switch prek Loop do Footbridge. Pri prvih dveh
scenarijih so odgovori modelov primerljivi s éloveskimi — razlika
znasa le 2,3 odstotne tocke pri Switch (LLM-ji 83,3 % proti 81
% pri ljudeh) in 5,3 odstotne to¢ke pri Loop (LLM-ji 66,7 % proti
72 %). V obeh primerih dvostranski binomski test ne pokaze
statisti¢no znacilne razlike.

Pri Footbridge scenariju je delez pritrdilnih odgovorov pri LLM-
jihle 16,7 % v primerjavi s 51 % pri ljudeh (razlika 34,3 odstotne
totke). Ceprav dvostranski binomski test ne doseZe praga
statisti¢ne znacilnosti (p =~ 0,12), je opisno razhajanje veliko.
Modeli so torej bistveno bolj zadrzani pri odlocitvi, ki zahteva
neposreden fiziéni stik — v nasprotju s scenariji posrednega
poseganja, kjer se njihovo odloCanje statisticno in opisno ne
razlikuje bistveno od ¢Eloveskega. Zaradi majhnega n = 6 je
statisticha moc¢ prenizka za zanesljivo zavrnitev Ho tudi ob
velikih opisnih razlikah.

4 Diskusija in analiza

Rezultati postavljene hipoteze statisticno ne potrdijo. Pri
nobenem scenariju dvostranski binomski test ne zavrne nicelne
hipoteze Ho (Switch: p = 1,00; Loop: p = 0,67; Footbridge: p =
0,12). LLM-ji torej statisti¢no niso znaéilno drugaéni od ljudi,
opisno pa se od njih najbolj razlikujejo v situacijah, ki zahtevajo
neposredno osebno odgovornost in fizi¢ni stik.
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Slika 4: Primerjava deleZev pritrdilnih odgovorov med LLM-ji in ljudmi

Ta ugotovitev je vsebinsko pomembna. V posrednih scenarijih
(Switch in Loop) modeli sledijo enaki utilitarni logiki kot vecina
ljudi. Pri Footbridge scenariju pa vecina modelov odlo¢no
zavrne dejanje, ki bi ga sprejela priblizno polovica ¢loveskih
udeleZencev. Najverjetnejsi razlog za to ni globoko eti¢no
sklepanje, temve¢ varnostni mehanizmi fino-uglasevanja
(RLHF), ki modele sistemati¢no odvracajo od odobravanja
dejanj, ki vkljucujejo neposredno Skodo drugi osebi [7].

Edina izjema je Grok, ki je edini model, ki je pri vseh treh
scenarijih odgovoril pritrdilno. To kaze, da se posamezni modeli
med seboj precej razlikujejo glede na filozofijo fino-uglasevanja
in vrednostne usmeritve, ki so bile vgrajene med treningom [7].

5 Zakljucéek

Raziskava kaze, da veliki jezikovni modeli v klasicnem
problemu vozic¢ka v veliki meri posnemajo ¢loveske moralne
preference, vsaj v abstraktnih in posrednih scenarijih. V
scenarijih Switch in Loop vecina modelov izbere utilitarno
reSitev (Zrtvovanje enega za reSitev petih), kar je zelo podobno
vzorcu pri ljudeh. Presenetljivo je, da so te preference modeli
pridobili zgolj iz ogromne koli¢ine Eloveskih besedil med
treningom, brez kakr$negakoli neposrednega ucenja etike ali
moralne filozofije.

Bistvena razlika med modeli in ljudmi pa postane ocitna pri
Custveno in fizi¢no neposrednejsih razli¢icah, zlasti v klasiénem
Footbridge scenariju. Medtem ko pri ljudeh delez pritrdilnih
odgovorov pade na priblizno polovico (51 %), so LLM-ji pri tem
scenariju izrazito bolj zadrzani (16,7 %).

Ta neskladnost najverjetneje ni posledica globoke deontoloske
usmerjenosti modelov, temve¢ stranskega ucinka varnostnega
fino-uglasevanja (RLHF). Modeli so namre¢ namenoma



nauceni izogibati se odobravanju dejanj, ki vkljucujejo
neposredno nasilje ali $kodo drugi osebi. Potisk ¢loveka z mostu
se v besedilu bere kot izrazito nasilno dejanje, kar sprozi
varnostne mehanizme in moc¢no zmanjsa verjetnost pritrdilnega
odgovora.

V hladnih, abstraktnih scenarijih so modeli presenetljivo blizu
¢loveskim vzorcem, v €ustveno in fizi€no neposrednih dilemah
pa se razkorak obc¢utno poveca. To kaze, da je njihova navidezna
moralna skladnost v veliki meri povrSinska in mo¢no pogojena z
varnostnimi varovali, ne pa z resni¢no internalizirano etiko. Prav
ta gradient razlik ostaja eden najpomembne;jsih signalov, da je
etiCna poravnava velikih jezikovnih modelov e vedno dale¢ od
dokoncne resitve.
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Responses and Individual Differences
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Abstract

This paper presents a systematic statistical analysis of a virtual
reality empathy dataset comprising 105 participants exposed
to immersive 360° emotional videos, examining associations be-
tween individual characteristics, trait empathy, emotional re-
sponses, and features of the virtual reality experience. The anal-
ysis combines correlation and hypothesis testing with multiple-
comparison correction, repeated-measures analysis, effect-size
estimation, and multiple linear regression. Perceived presence
was positively associated with average state empathy, whereas
cognitive trait empathy showed a negative association in the
multivariable model. Happiness differed significantly from sad-
ness, anxiety, and anger across empathy, arousal, and valence.
Self-reported arousal during the Rollercoaster condition also dif-
fered significantly from that reported after all four emotion-based
scenarios. Overall, state empathic responses were more consis-
tently associated with the VR experience and emotional condition
than with the demographic factors examined, highlighting the
importance of controlling for multiple comparisons.

Keywords

Virtual reality, Empathy, Hypothesis testing, Multiple linear
regression, Nonparametric statistics, Repeated measures, Data
analysis

1 Introduction

Empathy is commonly distinguished into two complementary
components: cognitive empathy, the ability to understand an-
other person’s emotional state or perspective, and affective em-
pathy, the capacity to share or resonate with another person’s
emotions. Whereas trait empathy reflects relatively stable indi-
vidual tendencies, state empathy refers to a situation-specific
empathic response elicited by a particular context or stimulus.
Understanding how these components manifest under controlled
conditions is relevant to psychology, neuroscience, and VR re-
search, where presence has been linked to realistic responses [18]
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and VR perspective-taking to increased empathic engagement [7].
Recent advances in VR technology allow researchers to study
emotional responses in standardized, immersive environments,
generating datasets that require rigorous statistical analysis to
distinguish genuine relationships from random variation.

The dataset analyzed here originates from a VR study in-
vestigating empathy elicited by immersive 360° videos [9, 10].
The original study primarily focused on predicting empathy and
other mental states from physiological sensor data using machine
learning, while also reporting selected statistical comparisons.
However, the associations among demographic characteristics,
trait and state empathy, emotional responses, and VR-experience
measures have not been systematically examined. This paper
addresses this gap using a broader combination of inferential
statistical methods.

2 Dataset Description

The dataset originates from Kizhevska et al. [9], a virtual reality
experiment investigating empathy and physiological responses
to immersive 360° VR videos. It consists of 105 participants (mean
age 22.43 years; 76% women) who completed a demographic ques-
tionnaire and a trait-empathy questionnaire, then viewed four
emotional scenarios (sadness, anxiety, happiness, anger), rating
state empathy, valence, arousal, and discomfort after each [2,
3, 15, 17] on a 0-4 scale (higher = more empathy, more nega-
tive valence, higher arousal, more discomfort), while feelings of
presence, captivation, and realism were rated on a 9-point scale.
Average Empathy, the main regression outcome, is the mean of
the four state-empathy ratings. Participants were assigned to a
narrative condition (four versions with an audio narrative preced-
ing each scenario) or a no-narrative condition (one version) [9].
A final Rollercoaster sequence elicited non-empathic arousal;
only self-reported arousal is analyzed here, not physiological
signals. Ethical approval and informed-consent procedures for
the original data collection are reported in [9].

Gender, education (ordinal, primary school to PhD), and field
of expertise (15-category classification; STEM and Human Ser-
vices subgroups used for comparison) were coded following the
categorization used in the original questionnaire.

The dataset was screened for missing and out-of-range values:
Rollercoaster Arousal was missing for one participant (pairwise
exclusion, n = 104), and one out-of-range Happiness Valence
value (recorded as 9) was treated as a data-entry error and recoded
to missing (n = 104). All other variables were complete for all
105 participants.
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The complete dataset contains 67 variables, including physio-
logical signals not analyzed here; the present analysis uses the de-
mographic, questionnaire-based, and self-reported VR-response
variables.

3 Methodology

3.1 Research Questions

The study examines associations between individual characteris-
tics, trait and state empathy, emotional responses, and features
of the virtual reality experience through the following research
questions:

e RQI:Is trait empathy associated with state empathy expe-
rienced during the virtual reality scenarios?

® RQ2: Are educational level and field of expertise associated
with differences in trait or state empathy?

® RQ3: Are gender and age associated with differences in
empathy and emotional responses during the VR experi-
ence?

e RQ4: Do sadness, anxiety, happiness, and anger differ in
empathy, arousal, and valence, and which emotional con-
ditions show the most distinct response patterns?

e RQ5: Does self-reported arousal differ between emotion-
based and non-empathic VR stimuli?

e RQ6: Which characteristics of the virtual reality experience
are associated with state empathy?

3.2 Statistical Analysis

Statistical procedures were selected based on the measurement
scale, study design, distributional characteristics, and assump-
tions of the corresponding tests. Multiple-comparison corrections
and effect-size measures were applied where appropriate. All sta-
tistical analyses were performed in R version 4.6.0.

3.2.1 Descriptive Statistics. The analysis begins with descrip-
tive statistics for continuous and ordinal variables, including the
mean, standard deviation, median, and interquartile range. For
brevity, these measures are reported in Appendix A.

3.22 Correlation Analysis. To examine linear relationships be-
tween continuous variables, we computed Pearson’s correlation
coefficient (r € [-1,1]) [14] and tested Hy : r = 0 against
H; : r # 0 at @ = 0.05. Pearson correlation analysis was per-
formed across 23 prespecified numeric variables, selected a priori
based on their direct relevance to the six research questions
(demographic, trait-empathy, state-empathy, and VR-experience
measures), yielding (223) = 253 pairwise tests, which constituted
the complete family of hypotheses for Benjamini-Hochberg (BH)
correction [1]. Field of expertise (Job), a nominal categorical vari-
able, was excluded because Pearson’s correlation coefficient is not
appropriate for unordered categorical data. Ordinal variables with
limited response categories (e.g., valence, arousal) were treated as
approximately continuous, consistent with common practice for
Likert-type scales [13]. As a robustness check, Spearman’s rank
correlation [19] was computed for all 253 pairs; results were con-
sistent with the Pearson correlations in direction and magnitude
(mean absolute difference = 0.02, maximum = 0.09), yielding a
comparable set of significant associations after the BH correction
(62 vs. 68 pairs). Correlation coefficients, uncorrected p-values,
and BH-adjusted p-values are reported in Appendix B, limited to
correlations judged theoretically relevant to the research ques-
tions and excluding definitional or partial-whole relationships
(e.g., individual empathy conditions with the average empathy
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score) and pairs reflecting measurement overlap between closely
related instruments (e.g., presence, captivation, and realism of
the virtual environment).

3.2.3 Distribution Assessment and Confidence Intervals. Distri-
butional characteristics were assessed using the Shapiro-Wilk
test [16] at @ = 0.05, complemented by graphical inspection of
the distributions. Where appropriate, 95% confidence intervals
for population means were constructed using Student’s t distri-
bution [20] or large-sample approximations [12] for variables
with an asymptotically normal sampling distribution. The results
are reported in Appendix C.

3.24 Independent-Group and Paired Comparisons. Independent-
group comparisons were performed by gender, narrative condi-
tion, and field of expertise. Equality of variances was assessed
using Levene’s test [11], followed by Student’s ¢-test when vari-
ances were equal and Welch’s t-test otherwise, with effect sizes
quantified using Hedges’ g [6] and Holm correction [8] applied
for multiple comparisons. Paired-sample ¢-tests similarly com-
pared self-reported arousal during the Rollercoaster condition
with that reported after each emotion-based VR scenario. Effect
sizes for the paired comparisons were quantified using Hedges’
g for paired samples. Normality of the within-participant dif-
ferences was assessed, and the Wilcoxon signed-rank test [21]
was used as a nonparametric sensitivity analysis; Holm correc-
tion was applied independently to both the t-test and Wilcoxon
p-values.

A summary of the analyses is provided in Appendix D, Tables 9
and 10.

3.2.5 Multiple Linear Regression. A multiple linear regression
model [12] was fitted to examine which individual and VR-related
characteristics were independently associated with average state
empathy, computed as the mean of the four condition-specific
empathy scores to obtain a single participant-level outcome. The
model is specified as

Average Empathy = f; + f1(Age) + f2(Education) + f3(Gender)
+ P4 (Affective Empathy)
+ f5(Cognitive Empathy)
+ fs(Presence in VE) + e.

Categorical variables were coded as follows: Gender was dummy-
coded with Female as the reference category (0 = Female, 1 =
Male). Education entered the model as a single numeric ordi-
nal variable (coded as described in Section 2), rather than as
a set of dummy variables. Model assumptions were assessed
before interpretation of the regression coefficients: residual nor-
mality using the Shapiro-Wilk test, homoscedasticity using the
Breusch—-Pagan test, multicollinearity using variance inflation
factors (VIFs), and linearity by visual inspection of the residuals-
versus-fitted plot. Regression coefficients were evaluated at o =
0.05, with 95% confidence intervals reported for the estimated ef-
fects. The regression coefficients and corresponding significance
tests are shown in Appendix D, Table 11.

3.26 Nonparametric Tests. Variables that do not satisfy the as-
sumptions required for parametric procedures are analyzed us-
ing nonparametric methods. Since several measurements were
obtained repeatedly from the same participants under the four
emotional conditions, the observations are dependent. Friedman
tests [5] are therefore used to test whether the response distribu-
tions differ in location across the four repeated conditions (Hy:
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Table 1: Significance Summary: Independent-Sample t-Tests (Before and
After Holm Correction)

Variable Group Sig. (Uncorrected) Sig. (Holm)
Average Empathy Gender Yes Yes
Affective Empathy Gender Yes No
Cognitive Empathy Gender Yes No
Age Gender Yes Yes
Sadness Empathy Gender Yes No
Anger Empathy Gender Yes No
Anger Arousal Gender Yes No
Sadness Valence Gender Yes No
Average Empathy Narrative Yes No
Sadness Empathy Narrative Yes No
Captivated by VE Narrative Yes Yes
Realism of VE Narrative Yes No
Affective Empathy STEM vs Human Services Yes No
Cognitive Empathy STEM vs Human Services Yes No

equal location; Hi: at least one condition differs). Kendall’s W
was reported as an effect-size measure for each Friedman test.

Whenever a Friedman test is significant, pairwise post-hoc
comparisons are conducted using the Wilcoxon signed-rank test
for paired samples [21], providing a pairwise rank-based com-
parison of the within-participant responses (Hp: no difference in
location; Hy: a difference in location) with Bonferroni correction
applied across the six pairwise comparisons within each measure.

The complete results of the Friedman tests are presented in
Appendix D, Table 12, while the corresponding pairwise compar-
isons obtained from the Wilcoxon signed-rank post-hoc proce-
dure are summarized in Appendix D, Table 13.

4 Results and Discussion
4.1 Statistical Results

The analyses in Appendices A-D show several relationships
among demographic, empathy, and emotional-response variables.
Table 1 summarizes the 14 independent-sample ¢-tests conducted;
all 14 were nominally significant at p < 0.05 before correction,
while only 3 survived the Holm correction — average state empa-
thy and age (both by gender), and engagement with the virtual
environment (by narrative condition). Table 2 shows that self-
reported arousal during the Rollercoaster condition differed sig-
nificantly from that reported after each emotional narrative, with
all four comparisons remaining significant after Holm correction
in both the paired-sample ¢-test and the Wilcoxon signed-rank
test.

The multiple linear regression model for average state em-
pathy was statistically significant, F(6,98) = 5.974, p < 0.001,
explaining 26.8% of the variance (R? = 0.268; adjusted R* =
0.223). Residuals did not significantly deviate from normality
(Shapiro-Wilk W = 0.986, p = 0.325), the Breusch-Pagan test
showed no evidence of heteroscedasticity (BP = 2.278, p = 0.892),
VIF values ranged from 1.14 to 5.46 with no severe multicollinear-
ity (Table 11, Appendix D), and visual inspection of the residuals-
versus-fitted plot showed no systematic pattern.

Table 3 summarizes the regression results. Cognitive empathy
and perceived presence in the virtual environment were the only
variables significantly associated with average state empathy
in the multivariable model, with both 95% confidence intervals
excluding zero. Correlation analysis (Appendix B) further re-
vealed that all moderate correlations remained significant after
Benjamini-Hochberg correction; among the weak correlations
judged theoretically relevant to the research questions, 23 re-
mained significant. Table 4 summarizes the Bonferroni-corrected
pairwise Wilcoxon signed-rank post-hoc comparisons, showing
that happiness differs significantly from all three negative emo-
tions across arousal, valence, and empathy, while no statistically
significant differences in arousal were detected among the three
negative emotions.
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Table 2: Significance Summary: Paired-Sample t-Tests (Before and After
Holm Correction)

Pair Sig. (Uncorrected)  Sig. (Holm)  Wilcoxon Sig. (Holm)
Rollercoaster Arousal vs Sadness Arousal Yes Yes Yes
Rollercoaster Arousal vs Anxiety Arousal Yes Yes Yes
Rollercoaster Arousal vs Happiness Arousal Yes Yes Yes
Rollercoaster Arousal vs Anger Arousal Yes Yes Yes

Table 3: Significance Summary: Multiple Linear Regression

Factor Significant (p < 0.05)  95% CI excludes 0

(Intercept) Yes Yes
Age No No
Education No No
Gender No No
Affective Empathy No No
Cognitive Empathy Yes Yes
Presence in VE Yes Yes

Table 4: Significance Summary: Pairwise Wilcoxon Signed-Rank Post-Hoc
Comparisons

Pair Arousal  Valence  Empathy
Sadness vs Anxiety No Yes No
Sadness vs Happiness Yes Yes Yes
Sadness vs Anger No No Yes
Anxiety vs Happiness Yes Yes Yes
Anxiety vs Anger No Yes No
Happiness vs Anger Yes Yes Yes

4.2 Discussion of the Research Questions

The statistical analyses require a revisit to each of the research
questions formulated in Section 3.1.

ROQ1: Is trait empathy associated with state empathy ex-
perienced during the virtual reality scenarios? Correlation
analysis revealed a weak negative association between cognitive
trait empathy and average state empathy that remained signif-
icant after BH correction (r = —0.247, ppy = 0.043). Parallel to
this, the corresponding association for affective trait empathy
did not survive correction (r = —0.239, pgy = 0.052). The re-
gression model showed that cognitive empathy was negatively
associated with average state empathy (B = —0.3306), whereas
perceived presence in the virtual environment was positively
associated with it (B = 0.1068), after accounting for the other
variables in the model. Trait empathy was not consistently asso-
ciated with state empathy experienced during the VR scenarios
in this sample. This negative association is counter-intuitive and
may reflect a more analytical, less affectively engaged response
style among individuals with higher cognitive trait empathy;
given the weak effect size, we flag it as unexpected and worth
further investigation.

RQ2: Are educational level and field of expertise associ-
ated with differences in trait or state empathy? Education
showed only a weak, BH-nonsignificant correlation with aver-
age state empathy (r = —0.193, ppy = 0.127). Field of expertise
showed a similar pattern: uncorrected STEM vs. Human Services
differences in trait empathy (Hedges’ g = 0.75 and 0.54) did not
survive Holm correction. Overall, education and field of expertise
showed weak evidence of independent contribution to empathy
after correction for multiple testing.

RQ3: Are gender and age associated with differences
in empathy and emotional responses during the VR ex-
perience? Age was not significantly associated with state em-
pathy after the adjustment for the other covariates, showing
a weak positive correlation with affective empathy (r = 0.276,
pe = 0.0223). Age itself differed significantly between genders
(Hedges’ g = 1.16), with male participants older on average, and
an unadjusted gender difference in average state empathy was
observed as well; however, gender was not significant after adjust-
ment. Nominal differences in trait empathy and emotion-specific
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measures did not survive correction. Given the age-gender con-
found and the unequal group sizes in this sample, these findings
should be interpreted with caution.

RQ14: Do sadness, anxiety, happiness, and anger differ in
empathy, arousal, and valence, and which emotional condi-
tions show the most distinct response patterns? The Fried-
man and Wilcoxon signed-rank analyses identified happiness as
significantly different from the three negative emotions across
arousal, valence, and empathy. The magnitude of the overall con-
dition differences varied by measure, with Kendall’s W = 0.714
for valence, compared with W = 0.277 for arousal and W = 0.180
for empathy. Among the three negative emotions, arousal did not
differ significantly between any pair, whereas valence differed
between sadness and anxiety and between anxiety and anger,
and empathy differed between sadness and anger. Happiness was
associated with the highest empathy ratings, anger with the low-
est, and sadness and anxiety with intermediate values. Thus, the
emotional-condition effect was strongest for valence and weaker
for arousal and empathic responses.

RQ5: Does self-reported arousal differ between emotion-
based and non-empathic VR stimuli? Self-reported arousal
differed significantly between the Rollercoaster condition and
each of the four emotion-based VR scenarios. All four com-
parisons remained significant after Holm correction, and the
Wilcoxon signed-rank sensitivity analysis yielded the same sig-
nificance conclusions. Effect sizes ranged from small for anger
(9 = 0.33) to large for happiness (g = 1.50), indicating that the
magnitude of the difference in self-reported arousal varied across
emotions.

RQ6: Which characteristics of the virtual reality expe-
rience are associated with state empathy? Feeling of pres-
ence was significantly associated with average state empathy
(B =0.107, 95% CI [0.044, 0.169]) after adjustment. Captivated by
VE correlated weakly with average state empathy (r = 0.306) and
differed by narrative condition after Holm correction (g = —1.16),
while differences in empathy and realism did not survive cor-
rection. Presence thus appears the most consistently associated
VR-related factor.

5 Conclusions and Limitations

The results indicate that empathic responses in immersive VR
were more consistently associated with characteristics of the
experienced scenario than with the demographic variables exam-
ined. Perceived presence was positively associated with average
state empathy, whereas the effect of narrative condition was
less consistent after correction for multiple comparisons. Self-
reported arousal during the Rollercoaster condition differed sig-
nificantly from that reported after each of the four emotion-based
VR scenarios, with effect sizes ranging from small (g = 0.33) to
large (g = 1.50). The emotional conditions also differed in em-
pathy, arousal, and valence, with happiness showing the most
distinct response pattern and trait empathy showing no consis-
tent association with state empathy. Several nominally significant
associations disappeared after correction for multiple compar-
isons, underscoring the importance of controlling for multiple
testing when interpreting this dataset.

The sample consisted of only 105 participants, with substantial
demographic imbalances (most respondents 19-20 years old; 76%
women vs. 24% men), limiting generalizability. As a secondary
analysis of data collected for a different purpose, the precision
of some analyses may be limited, and given the observational
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design, reported relations should be interpreted as associations
rather than causal effects.
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Appendix A Appendix D

Table 5: Descriptive Statistics Table 9: Independent-Group Comparisons with Effect Sizes and Holm-
Adjusted p-Values

Variable Mean  SD  Median  IQR

Az ods 5ol 2 o Variable Group Levene (F/p) t P Hedges' g p (Holm)

Educati 3.42 0.74 3 1

PeeeanE 43 163 H h Avg. Emp. MvsF 0.0004/0.9845  -33362  0.0012 0759 0.0142

Capt. by VE 6.01 177 6 2 AFf. Emp. MvsF 1972/2.3x1075  3.0693 0.0048 1.010 0.0509

g:é‘kezfs‘\fgl g-gg é-gg g g Cog. Emp. MvsF 0.0043/0.9478  2.8320 0.0056 0.644 0.0509

‘Anxiety Val 265 0e0 3 1 Age Mvs F 15.26/0.0002  3.8584  0.0006 1.163 0.0077

Happiness Val. 071 072 1 1 Sadness Emp. MvsF 0.1637/0.6866  -2.7825  0.0064 -0.633 0.0509

Anger Val. 304 071 3 1 Anger Emp.  MvsF 0.0241/0.8768  -2.8955  0.0046 -0.659 0.0509

-Z’“ ness 2“’“- g-?g g-;; g ; Anger Arou.  MvsF 0.0060/0.9386  -2.2040 00298 -0.501 0.1488
nxiety Arou. . . b )

Happiness Arou. 118 100 H H Sadness Val. MuvsF 1.018/0.3153 21253 0.0360 0.483 0.1488

Anger Arou. 237 098 2 1 Avg. Emp. No Narr. vs Narr. ~ 0.0505/0.8226  -2.0729 00407 -0.545 0.1488

RC Arou. 271 102 3 1.25 Sadness Emp. NoNarr.vsNarr.  0.5792/0.4484  -2.8873  0.0047 -0.759 0.0509

Cog. Emp. (trait) 1.95 035 2 0 } -5

Prox. Reap. Tor od H 075 Capt. by VE  NoNarr.vsNarr.  1529/02191  -4.4023 2.6X10 -1.158 0.0004

Periph. Resp. 275 034 275 0.50 Real. of VE  NoNarr.vsNarr.  0.4130/05219  -21297  0.0356 -0.560 0.1488

Aff. Emp. (trait) 212 033 2 0 AFF. Emp. HS vs STEM 7.972/0.0067  -2.9848  0.0058 -0.752 0.0509

Sadness Emp. 2.42 0.77 2.70 1 Cog. Emp. HS vs STEM 0.3038/0.5838 -2.0145 0.0490 -0.536 0.1488

Anxiety Emp. 224 090 230 1.30

Happiness Emp. 285 075 3 1 ) R T -

Anger Emp. 2.04 0.83 2 1 Note. Welch’s t-test was used when Levene’s test indicated unequal variances (p < 0.05);

Avg. Emp. 240 055 2.40 0.70

Student’s ¢-test was used otherwise. Positive Hedges’ g values indicate higher scores in the first-
listed group; negative values indicate higher scores in the second-listed group. Abbreviations: M
= male; F = female; Narr. = narrative; HS = Human Services; Emp. = empathy; Arou. = arousal; Val.

Abbreviations: Emp. = empathy; Arou. = arousal; Val. = valence; Avg. = average; Cog. = cognitive;
Aff. = affective; VE = virtual environment; RC = Rollercoaster; Resp. = responsivity; Pres. =
= valence; Avg. = average; Cog. = cognitive; Aff. = affective; Real. = realism; Capt. = captivated;
VE = virtual environment.

Table 10: Paired-Sample Tests for Rollercoaster versus Emotion-Based

Appendlx B Arousal

presence; Capt. = captivated; Real. = realism; Prox. = proximal; Periph. = peripheral.

Table 6: Selected Moderate Correlations (0.40 < |r| < 0.60) [4] Pair L-test (1/p/PHolm) Hedges'g Wilcoxon (V/p/Polm)
Var 1 Var 2 - > Pad; BF) RC Arou. vs Sadness Arou. 3.51/0.0@5/0.0010 s 0.463 (small) 2059.0/0007055/0.0009 s
RC Arou. vs Anxiety Arou. 4.64/1.0X107°/3.0X10 0.603 (medium)  2248.5/2.9%10™ °/8.6X10
Anger Atou. Anger Emp. 0580 <0001 S0 RC Arou. vsHappiness Arou. 11.35/< 2.2x10716/< 8.8x10716 1495 (large)  3543.0/2.7x10~14/< 0.0001
res. in VE adness Emp. .51 <0.001 <.001
Anxiety Arou. ‘Anxicty Emp. 0309 20,001 2001 RC Arou. vs Anger Arou. 2.68/0.0085/0.0085 0.325 (small) 1843.0/0.0110/0.0110
Capt. by VE Sadness Emp. 0.484 <0.001 <.001
Sadness Arou. Sadness Emp. 0.484 <0.001 <.001 Abbreviations: RC = Rollercoaster; Arou. = arousal. Values reported as statistic/uncorrected
Sadness Arou.  Avg. Emp. 0457 <0.001 <.001
Anger Arou, Avg. Emp. 0437 <0.001 <001 p/Holm-corrected p.
Happiness Val. ~ Happiness Emp. ~ —0.435  <0.001 0.0001

Table 11: Multiple Linear Regression Coefficients for Average Empathy

Abbreviations: Var. = variable; Emp. = empathy; Arou. = arousal; Val. = valence; Avg. = average;

. . . Factor VIF B SE t -value 95% CI
Pres. = presence; Capt. = captivated; VE = virtual environment. L
—6 >
. . (Intercept) - 27981 05400 5182 1.18X 10 [1.727, 3.870]
Table 7: Selected Weak Correlations (0.20 < |r| < 0.40) [4] Age 1977 00255 00201 1283 0.2024 L0014, 0.066]
Var. 1 Var. 2 r » Padi (BH) Education 5.458 -0.1503 0.1503 -1.000 0.3199 [-0.448, 0.148]
J Gender 1520 -0.2242 0.1379 -1.626 0.1072 [-0.498, 0.049]
Real. of VE Sadness Emp. 0382 <0001 0.0009 AFf. Emp. 1309 -02107 01654 -1273 0.2059 [-0.539, 0.118]
Pres. in VE Avg. Emp. 0.381 <0.001 0.0009 Cog. Emp. 1135 -0.3306 0.1455 -2.271 0.0253 [-0.619, -0.042]
Education Aff. Emp. 0.373 <0.001 0.0009 Pres. in VE 1.149 0.1068 0.0315 3.390 0.0010 [0.044, 0.169]
Sadness Emp. Anger Emp. 0357 0.0002 0.0017
Real. of VE Avg. Emp. 0332 0.0005 0.0038 . . . . . .
Capt. by VE Avg. Emp. 0.306 0.0015 0.0097 Note. Unstandardized regression coefficients (B) are reported. VIF = variance inflation factor.
Anger Arou. Happiness Emp. 0.306 0.0015 0.0097 P . _ . . _ e . _ .
‘Anxiety Arou. Avg, Emp. 0296 00022 00135 Abbreviations: Aff. Emp. = affective empathy; Cog. Emp. = cognitive empathy; Pres. = presence;
Sadness Arou. Ancxiety Arou. 0.295 0.0023 0.0135 VE = virtual environment.
Happiness Emp.  Anger Emp. 0.294 0.0023 0.0135
Sadness Arou. Anger Emp. 0.286 0.0031 0.0174 . H S N )
Sadness Emp. ‘Ansiety Emp. 058e 06032 oote Table 12: Friedman Tests by Emotion, with Kendall’s W
Pres. in VE Sadness Arou. 0.281 0.0037 0.0195
Age Aff. Emp. 0.276 0.0044 0.0223 X2 p-value Kendall’s W
Age Prox. Resp. 0.261 0.0072 0.0331 F
Sadness Arou. Anger Arou. 0.260 0.0074 0.0334 —16
Sadness Arou. Anxiety Emp. 0.259 0.0077 0.0342 Arousal 87356 < 2.2X 10 0277
Anger Arou. Sadness Emp. 0.256 0.0085 0.0357 Valence 22274 < 2.2 % 10~16 0.714
Anxiety Emp. Happiness Emp.  0.255 0.0086 0.0357 12
Sadness Emp. Happiness Emp.  0.248 0.0106 0.0426 Empathy 56773  2.874 X 10 0.180
Cog. Emp. Avg. Emp. -0247 00111 0.0432 - - L. .
Anxiety Emp. Anger Emp. 0247 0.0109 00431 Table 13: Wilcoxon Signed-Rank Post-Hoc Pairwise Comparisons by Emo-
Real. of VE Happiness Emp.  0.244 00121 0.0457 ti
1on
Abbreviations: Var. = variable; Emp. = empathy; Arou. = arousal; Avg. = average; Aff. = affective; Arousal Valence Empathy
Cog. = cognitive; Real. = realism; Pres. = presence; Capt. = captivated; Prox. Resp. = proximal .
Pair v PBonf 4 PBonf \4 PBonf

responsivity; VE = virtual environment.

Sadness vs Anxiety 14610  0.6096 14475 00003 27070  0.9963
Sadness vs Happiness 36140 < 0.0001 52530 < 0.0001 10645  0.0001
Appendlx C Sadness vs Anger 9485 10000 3820 10000 33715  0.0003
Anxiety vs Happiness  3249.0 < 0.0001 48365 < 0.0001 797.0 < 0.0001
Anxiety vs Anger 8910 04146 3500 00001 24495 02455

Table 8: Shapiro-Wilk Tests and 95% Confidence Intervals for the Mean Happiness vs Anger 2910 < 0.0001 00 < 0.0001 3897.0 < 0.0001
Variable w -value 95% CI (mean,
L ¢ ) Note. pponf = Bonferroni-corrected p-value, applied across the six pairwise comparisons within
Age 0.68964 < 0.00001 21.4134, 23.4438
Education 0eier  Soodool 3.2767, 3.5613 ] each measure.
Pres. in VE 0.85961 < 0.00001 6.1171, 6.7400
Capt. by VE 0.93690 0.00008 5.6704, 6.3487
Real. of VE 0.92303 0.00001 5.7843, 6.3871
Sadness Val. 0.74261 < 0.00001 2.8606, 3.0823
Anxiety Val. 0.74813 < 0.00001 2.5321, 2.7632
Happiness Val. 0.76475 < 0.00001 0.5732, 0.8499.
Anger Val. 0.82004 < 0.00001 2.9030, 3.1731
Sadness Arou. 0.84586 < 0.00001 2.1477, 2.4427
Anxiety Arou. 0.84881 < 0.00001 1.9763, 2.3094
Happiness Arou. 0.87218 < 0.00001 0.9901, 1.3718
Anger Arou. 0.90136 < 0.00001 2.1834, 2.5595
RC Arou. 0.88498 < 0.00001 2.5153, 2.9077
Cog. Emp. (trait) 0.47313 < 0.00001 1.8854, 2.0194.
Prox. Resp. 0.95308 0.00096 1.8443, 2.0367
Periph. Resp. 0.94196 0.00017 2.6799, 2.8105
Aff. Emp. (trait) 038542 < 0.00001 2.0605, 2.1871
Sadness Emp. 0.94717 0.00038 2.2715, 2.5666
Anxiety Emp. 0.96646 0.00922 2.0670, 2.4130
Happiness Emp. 0.92815 0.00003 2.7107, 2.9979
Anger Emp. 0.98087 0.13410 1.8822, 2.2054
Avg. Emp. 0.97844 0.08478 2.2967, 2.5110
Capt. by VE(no narrative)  0.91723 0.13260 3.3666, 5.4569
Real. of VE(no narrative) 0.90925 0.09716 4.6742, 6.0317

Abbreviations: Emp. = empathy; Arou. = arousal; Val. = valence; Avg. = average; Cog. = cognitive;
Aff. = affective; Real. = realism; Pres. = presence; Capt. = captivated; Prox. Resp. = proximal re-
sponsivity; Periph. Resp. = peripheral responsivity; RC = Rollercoaster; VE = virtual environment.
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Abstract

This paper develops an evolutionary-ecological account of social
epistemology, where human reasoning (judgment on acceptance
or rejection of assertions made in natural language) is
conditioned by the social and ecological payoffs of the selected
judgment. I begin with the primary premise that cognition is
fitness-oriented, justified with reference to ecological realism
and 4E cognition. I formulate the basic principle as “fitness over
truth, truth insofar as it serves fitness”, while noting my
divergence from the stronger anti-truth position proposed by the
interface theory of perception. I proceed with the social brain
hypothesis as support for the inference from fitness-orientation
to social-embeddedness, culminating in the principle of social
mediation. The latter is my proposed rationale for the assertion
that consensus and other social cues can (in many contexts) be
more salient than truth for the purposes of reasoning because of
their more immediate action-relevance. I conclude by proposing
a provisional taxonomy of “epistemic logics” (descriptive
formalizations of different reasoning criteria) informed by the
established theoretical framework.

Keywords / Klju¢ne besede

ecological reasoning, social epistemology, social mediation,
evolutionary epistemology

1 Introduction: Evolved Cognition

It is a deeply felt intuition of mine that any properly evolutionary
approach to examining human cognition must be grounded in one
key premise and two derivatives. Human cognition has three
characteristics:

1. It is fitness-oriented
2. Itis heuristic (satisficing and proxy tracking)
3. Itis socially embedded
Fitness-orientation is the basic evolutionary inference: if
cognition is a product of natural selection, its evolved function is
to orient the organism’s activity in a viable manner. Viability, in
this context, refers to the minimal threshold of successful need-
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satisfaction, problem-solving and goal-achievement necessary
for semi-reliable reproduction.

Since natural selection does not “represent” fitness (nor do
organisms themselves), this ultimate goal can only be
approached as a by-product of an orientation toward proximate,
positively-sought goals that act akin to satisficing heuristics
(satisficing borrowed from Herbert Simon [12]). I will not
explicitly argue for this premise here, but it is, for example,
fundamental to contemporary evolutionary psychology (for
Tooby and Cosmides [19], organisms are adaptation executors
rather than fitness maximizers, see also evolutionary mismatch).

Instead I will focus on the basic fitness-orientation premise
and its other derivative: social-embeddedness in the context of
human reasoning, understood narrowly as acceptance or
rejection of natural language statements (claims such as X is Y).

1 do this through a five-step inference. (i) For cognition to
ensure viability, it needs to properly guide action, giving
practical concerns precedence over “truth” in the abstract. (ii)
“Truth” (understood in the ecologically realist sense elaborated
in the next section) is instrumental and in contention with other
action-guiding cues for the consideration of ecologically situated
agents. (iii) This is especially the case for social species (such as
humans), where the relevant ecology is strongly social (made up
of other minds capable of mutual communication and
interaction).

(iv) The intermediate conclusion is that truth, in the abstract,
is ordinarily only as salient to human cognition as it is relevant
to action-guiding purposes in the given context. And, insofar as
various social cues (such as the current consensus) are
contextually more relevant, they will be more salient and inform
reasoning more strongly than considerations of “truth”.

(v) Adding an additional premise, that sociality has been a
constant feature of human ecology for a very long time, such that
higher-cognition likely “co-evolved” with the capacity to
navigate complex social interaction, allows us a further and
somewhat more speculative inference: natural selection is likely
to have produced minds that give social information a default
weighting advantage over considerations of truth in the
“abstract”.

In the remainder of the paper, I will attempt to justify these
two premises and derive their implications for reasoning. I
develop the fitness-oriented premise through ecological realism
and 4E cognition, and integrate these two approaches with the
social brain hypothesis (SBH) to justify the socially embedded
premise through the principle of social mediation.

I then outline the implications of these two premises for
reasoning via an attempt at an evolutionary social epistemology:
my epistemic logics framework (ELF) that models the effect of



different action-relevant criteria on the acceptance and rejection
of claims.

Before I proceed, a minor qualification is in order. Conscious
agents can represent both truth and fitness abstractly (e.g., truth
= claim-world correspondence; fitness = phenotype-niche
adaptedness). Once represented in this way, either can become
an explicit goal of deliberation via slow cognition (in the dual-
process sense).

But that is beside the point, as my evolutionary inference
regards ordinary, fast cognition. The latter (I argue) does not
normally adjudicate natural-language statements by separately
representing their epistemic and non-epistemic action-relevant
characteristics. The lines between the criteria upon which we
might accordingly judge statements are instead “blurry”
precisely because they are all different proxies for the ultimate
goal of viability.

2 Ecological Psychology: Fitness Over Truth,
Truth Insofar As It Serves Fitness

What I am provisionally calling the “fitness-orientation
hypothesis” is relatively well established in contemporary
cognitive science, given the prominence of 4E cognition
(embodied, embedded, enactive, and extended; 3, 10, 21]).

The 4E model represents a step away from the Cartesian
conception of cognition as a detached faculty producing neutral
representations of the world. Instead, the contemporary
understanding is that cognition is an adaptive orientation system
arising from the embodied organism’s active engagement with
an environment. As Thompson [17, p. xxv] puts it:

The basic idea of the enactive approach is that . . .
cognitive processes belong to the relational domain of
the living body coupled to its environment.

The present argument, however, diverges from the enactive
approach in one key aspect (despite being broadly in line with it).
Instead of rejecting a “pregiven, perceiver-independent world”
(cf. [21]) as the reference point for perception, I treat the action-
relevant structure of the environment (its affordances) as
relational but real, per Gibson’s [5, p. 133] ecological realist
formulation: “an affordance points two ways, to the environment
and to the observer”. Action possibilities are present even if
unregistered, allowing an agent to misappraise them.

Importantly, while ecological realism does reinterpret
perception in terms of fitness-relevant action guidance rather
than detached truth representation, successful fitness-tracking
nevertheless presupposes sufficient truth-sensitivity (sensitivity
to the ecologically relevant structure of the environment).

I formulate this as “fitness over truth, truth insofar as it serves
fitness”, which puts me at odds with one of the more prominent
fitness over truth frameworks in cognitive science, the interface
theory of perception (ITP), which explicitly disentangles fitness
from truth.

The argument, based on evolutionary modeling and genetic
algorithms, is that a non-veridical perceptual field — a species-
specific interface shaped by fitness payoffs — outcompetes a
veridical one [8].

I emphasize veridicality to highlight the crux of the issue,
which is that the ITP mistakenly infers a “deceptive” interface
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from fitness—conducive perceptual transformations
outperforming perception of the world “as it really is”. This is a
mistaken equivocation of truth with veridicality over accuracy.
Where the former is about representing the world in its own
register (sans interface), the latter entails satisfactory
preservation of the causal structure of the world (by the
interface).

Consider the example of acidity (a chemical property) and the
taste of sourness. Sourness (the “icon”) quite obviously does not
capture the essence of acidity (the “code”). And yet, sourness is
systematically affected by acid-related variables (such as
concentration, pH, anion species; [14]), thus acting as a reliable-
enough indicator of the underlying chemical property of acidity.

This is fully in line with the fact that, in an ecological sense,
an organism’s environment is a set of constraints and options
(broadly, affordances per Gibson [5]). These orient need-
satisfaction and goal-directed action — an apple is »something to
eat« (apprehended via the embodied mechanisms that signal this
quality to the organism) before it is »an apple« in the definitional
sense (an affordance in the “forum for action” before an object
in the “place of things”, to use Petersonian terminology [11]).
Objects need not be represented “as they are”, as what is salient
is what they afford, not what they are.

Hence, for perception to be conducive to fitness, it must
translate the “distal” environment as it »is« into a set of
“proximate” percepts that correlate with the distal action-
relevant properties well enough to ensure viability (this is
“ecological validity” for Brunswik [1]). Gibson [5] expresses the
same necessity as picking up “invariants”: stable relational
structures in the organism-environment field that persist across
variation and thereby specify actionable affordances.

This is also broadly in line with evolutionary epistemology.
Cognition is selected for because it works, and it works because
it is at least partially fitted to the causal and statistical structure
of the environment [9]. Natural selection does not »care« about
truth as such, but it does register the consequences of error,
meaning that perception cannot systematically misrepresent
aspects of the environment that are relevant for successful action.
In this limited but crucial sense, fitness-tracking presupposes
tracking truth (in the sense of accurate-structure-representation).

To summarize, from a properly ecological perspective (where
how an object interacts with an organism exhausts the
significance of “what it is”), perception must present an “accurate
image”, i.e. an interface that preserves the underlying causal
structure with sufficient fidelity to enable successful activity.

The interface may “hide the code”, but it does not mislead the
user — except for when it does, as in the case of social interaction
and communal life, especially once propositional reasoning and
natural language communication enter the picture. We thus
attempt to rehabilitate the Hoffman et al. [8] inference by
transposing it into the domain of social cognition.

3 Socially Embedded: The Principle of Social
Mediation
Having provided a general outline of what will henceforth be

referred to as “ecological psychology”, I now shift to one of its
underdeveloped implications: what reasoning actually is for



humans as evolved organisms, its relation to truth, and how this
shapes evolutionary accounts of epistemology.

Let us bring attention to Trivers’ [20] strategic self-deception
hypothesis:

If . . . deceit is fundamental to animal communication,
then there must be strong selection to spot deception
and this ought, in turn, to select for a degree of self-
deception [implying that] natural selection [might not]
favour nervous systems which produce ever more
accurate images of the world.

This perspective, along with signaling theory, underlies
Simler and Hanson’s [13] “hidden motives” framework: self-
deception facilitates social deception by allowing agents to
pursue norm-violating or self-interested strategies without
consciously representing them as such.

This provides a precedent for an analogue of the idea that the
icons misrepresent the code to the user in the realm of social
cognition. But to understand the underlying ecological logic, we
must turn to the SBH and derive the principle of social mediation.

The SBH proposes that human (and primate) cognition
evolved to solve adaptive problems (such as acquiring resources
for sustenance and avoiding predation) by first solving problems
of social coordination and cohesion (C&C) [4]. Dunbar [4]
presents it as a two-step explanation: the proximate mechanism
is solving C&C within bonded groups, which enables the
solution of the underlying ecological problem (mainly predation
and resource gathering).

Leaning on ecological realism, I propose a stronger
interpretation. If cognition is designed to produce viable
behavioral orientation, and if (in humans) this is most readily
achieved by optimizing for solutions to problems of C&C, a
primary faculty of our minds must be the ability to navigate
social landscapes before solving any specific adaptive problem
or facilitating abstract reasoning.

If we accept this interpretation, we must also infer that the
ecological-realist link between accuracy and fitness can drift
under socially mediated conditions. This “social mediation” of
agent-environment interaction (by social interaction with other
agents and shared rules-of-navigation) changes the
environment’s affordance structure. The »physical« ecology
becomes mediated by the social ecology, creating incentives for
cognition to attune to the social-symbolic affordance structure
(the causal structure of “social” reality) rather than to the original
target (the causal structure of “physical” reality)'.

This is the basis of my principle of social mediation: social
organization alters the causal pathway through which an agent
encounters and solves an ecological problem. A similar
conclusion is reached by Sterelny [15, p. 719], who characterizes
social and ecological adaptation as intertwined, given that
individuals encounter ecological filters “with others,” and with
socially accessed technology and information.

! The distinction is functional, rather than ontological. The affordance structure
created by interaction with agents is different from the affordance structure created
by interaction with objects.

2 There is a diachronic aspect to social mediation resulting from the “nested”
structure of the human ecology (social subsystems, embedded in a larger social
system, itself embedded in the “natural environment”). These mediating systems
act as buffers, temporarily suspending and modifying selection pressures stemming
from the »base layer« of level-0 constraints. Strategies that are viable in an
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To provide an illustrative example, human infants are the
clearest case of social mediation of the environment. Infants are,
ecologically speaking, not individuals because they lack self-
sufficiency. They satisfy their needs and solve adaptive problems
wholly through their relationship with their caretakers (in a
socially mediated manner).

We can transpose this principle to modern forms of social life
and propose that even adults occupy a largely mediated ecology.
Rather than ecologically individual, modern adults are embedded
in larger political-economic systems that alter the pathway to
need-satisfaction and goal-achievement. One crucial aspect is
money (or exchange media in general), which allows individuals
to procure food (and other goods) by participating in activities
with monetary returns, instead of getting them directly “from
nature”.

This changes the causal structure of the problem-domain
(from “hunt deer — get food” to “earn money — get food”) and
consequently also changes the adaptively relevant “slice” of the
environment that minds need to accurately “represent” (in the
ecological realist view which this paper appropriates). In other
words, it is just as important that they represent the causal
structure of nature as socially mediated through rituals,
narratives, and social exchange as it is to represent the causal
structure of nature “in itself2.

The implication is that social mediation can create incentives
against truth-tracking in reasoning, because truth is not always
the most salient criterion within a socially mediated ecology,
bringing us to the social epistemological point of this paper.

4 The Inference: The

Framework

Epistemic  Logics

The epistemic logics or the logics of reasoning are my analytic
reconstruction of observable descriptive (not normative) criteria
of epistemic arbitration that determine distinct “rules of
reasoning”. In the framework I’'m developing, they govern five
formal operations. The syntactic operations are claim acceptance
and inferential licensing, whereas the semantic operations are
intension-specification, reference and predication (shortened as
A, 1, S, R, P).

Because of scope limitations, I will limit myself to outlining
their role in determining acceptance (based on distinct binary
criteria) and reference. My usage of “epistemic logic” is distinct
from formal epistemic logic, the field concerned with the logic
of knowledge and belief; but I believe the scope of determination
(A, I, S, R, P) of these “rules of reasoning” justifies the term
“logic”.

Most fundamentally, the “logics” determine what
characteristic a proposition must possess to be »accepted as true«
or gain uptake within a given communicative context. This is the
basic qualification for my assertion that the “interface” may

environment unmediated by social interaction become subordinated to strategies
adapted to navigating social reality — the »law of the jungle« is replaced by the »law
of civilization«. Because the mechanism by which natural selection eliminates error
is negative feedback for maladaptive behavior, the buffering effect of social systems
allows maladaptive strategies to persist by deferring costs onto the mediating
system. The best analogy is a large company with various subsidiaries. A minority
of these subsidiaries may represent economic losses, but because the rest are run at
a profit, the overall system is capable of sustaining itself.

3 This is elaborated in detail in my work-in-progress doctoral dissertation.



“hide the code” in the domain of social cognition. They are my
attempt to formalize patterns deduced from personal observation
as well as observed in various philosophical, sociological, and
psychological theories into a provisional taxonomy. Due to
length constraints, I have mostly omitted these influences in the
present paper, as well as the two other premises that properly
license the inference to the ELF (natural language statements as
affordance-bearing objects and Champagne’s [2] Umwelt
normativity, both addressed in detail in my work-in-progress
thesis).

I begin from the basic assumption that, to navigate the
complex and dynamic structure of our socially mediated
environment, natural selection has equipped humans with fast,
context-dependent modes of epistemic filtering that identify a
natural language statement’s most salient feature under a given
problem structure. The epistemic logics can thus be understood
by analogy with Gigerenzer and Goldstein’s [6] fast-and-frugal
heuristics: they reduce complexity by isolating one decisive
criterion and use it as a ground of acceptance or disqualification.

In my research, I have identified at least four salient domains
(and their respective judgment-criteria): causal constraint-
navigation (truth-as-accuracy), consensus (propriety), politics as
coalition-building and competition (allegiance), and hierarchy
(authoritative decision). While the epistemic logics deal with the
linguistic instantiation of these domains, they can be reasonably
proposed to have a pre-linguistic basis. Truth as accuracy
corresponds to sensorimotor accuracy: striking a target or hitting
a nail on the head. Authoritative decision, propriety and
allegiance, on the other hand, all correspond to aspects of social
life and group-maintenance.

Authoritative decision corresponds to the social function of
hierarchical stratification or »rank ordering«. The pre-linguistic
basis of propriety may be found in group-boundary maintenance.
Consensus (group-agreement) means something is correct for us
(“our group”), rather than “objectively” correct, but it is often
naturalized into the latter. Territorial markers separate “us” from
“them”, and the same affective machinery that regulates
pathogen avoidance may also contribute to moralized aversion
toward outsiders, as proposed by the moral foundations theory
and parasite-stress theory [7, 18]. Allegiance is likewise rooted
in distinguishing between “us” and “them”, but related to
jockeying for advantage through coalitional politics and actively
maintaining boundaries (rather than simply establishing them).

When transposed onto the level of propositional reasoning,
these translate to the logic of reason (truth), politics (allegiance),
power (authoritative decision), and normativity (propriety). Each
of these logics, as strategies for reasoning about the acceptability
of claims, is based on a binary criterion:

- Reason — accept/reject claim Jffclaim is true/false

- Normativity — accept/reject claim iff claim is

proper/improper (per operative moral standard)

4Tam using “truth” in an ecological sense as accurate representation of the causal
structure of distal reality, which corresponds most closely to socially unmediated
observation and deliberation. The other criteria (propriety, cost-benefit, and
authority) are often more efficient than direct inquiry, but less reliably coupled to
the causal structure of distal reality due to social mediation and cost-buffering. Only
direct inquiry and individual judgment are directly answerable to environmental
feedback. Furthermore, module is used loosely, rather than in the strong massive
modularity sense.
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- Politics — accept/reject claim iff claim is
aligned/adversarial (per coalition's current agenda)
- Power — accept/reject claim iff claim is

authorized/forbidden (by sovereign decision)

There is a fifth, meta-logic: the logic of survival, operating by
the criterion of pragmatic utility or viability. It differs from the
others because of its dual status. Synchronically, it functions as a
meta-heuristic that selects among the other logics (reasoning
modules) according to the demands of the present ecological
situation. Diachronically, however, it functions as a Darwinian-
pragmatic filter by subjecting different modes of reasoning to
natural selection by their consequences. Those that continue to
produce viable outcomes under real ecological constraints are
selected in favor of others; thus, »proving« their outputs to have
been »true« in a Darwinian sense.

This is also what ultimately makes the logic of reason
indispensable. Social mediation turns individual empirical
observation and rational deliberation into an inefficient
alternative to inference from different social cues, but the
possibility of an unmediated affordance structure re-imposing
itself on the individual organism should necessitate a »module«
for orientation in such a context*.

The four binary criteria establish the syntax of the “rules of
reasoning” determined by the logic operative in a given social
context. The semantics follows from the syntax and, for the
present paper, concerns the operative regime of reference,
determining which object-label attachments are legitimate,
briefly outlined below.

Under the logic of reason, reference works by denotation: the
name must match the empirical properties of the object. An apple
is an “apple” if it fits the descriptive definition grounded in
observation.

Under normativity, reference works by connotation: X is
<evaluatively charged term> if both share the same evaluative
coding in the operative discursive context (regardless of match
or mismatch between conventional definition and empirical
properties)’. A discursive phenomenon characteristic of the logic
of normativity is the disqualification of truth claims because of
their »improper« (or politically incorrect) nature, regardless of or
despite empirical evidence in their favor®.

The logic of politics determines reference on the basis of
allegiance: a label is applied when it is beneficial to one’s
agenda, withheld when it is detrimental (in this sense, it is
partially entwined with the logic of normativity, as the latter is
often the backdrop determining the utility of the label based on
its evaluative load).

The logic of power is an interesting special case in that it is
arbitrary rather than algorithmic, unlike the other three (which
can be neatly formalized as strict rules). Its referential regime is
decisionist in that the sovereign’s act of naming (or suspending
a name) makes it “real”, creating X out of not-X, even if this
contradicts any of the other referential regimes. This,

51 elaborate at length on the difference between denotative and connotative
reference (descriptive versus evaluative determinacy, to be precise) in a different
manuscript.

61 discuss this as “moralistic argumentation” in a previous paper.



coincidentally, is how Strong [16] characterizes the Hobbesian-
Schmittian sovereign in his foreword to the English translation
of Political Theology.

The logic of power is »anti-logical, as it suspends epistemic
adjudication and reference regimes in particular cases (creating
particular exceptions) while preserving them in general. To use
a trivial, non-representative but clearly intelligible case: if there
is a clear-cut rule for what counts as “fruit”, an arbitrary break in
the social attribution of “fruit-status” to a specific class of object
indicates the logic of power at play. Less trivially, a rule for
social acceptance of claims (as true) not applying to one class of
statement within a shared “family of resemblance” or one
specific group of speakers, similarly indicates the logic of power.

Besides syntax and semantics, there is also the domain of
pragmatics, through which the operative logic of a discursive
context is made legible. One cannot determine meaning-in-
practice by consulting a dictionary or reasoning from first
principles. Instead, it is done by observing social reactions to the
assertion of truth claims and the attachment of labels. If the
behavioral consequences of a positive or negative designation
match expectations, then the label is socially true, regardless of
whether it is “literally” true. Likewise, if a statement is accepted
as true based on a non-truth criterion and despite empirical
evidence to the contrary, it is socially true.

In this sense, the logics operate socially (at the level of
discourse) and individually (at the level of reasoning). The
former refers to the communicative norms of a given social
context, while the latter refers to how individuals privately judge
truth claims (whether there is a clear line between the two is
something I have not yet been able to determine with full
confidence).

In summary, truth, as commonly understood, is only one
possible criterion by which humans judge descriptive claims that
lead to their uptake in communicative contexts. It is also weakest:
generally overwritten by its fast and frugal alternatives because
of'its slow and expensive nature.
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Abstract / Povzetek

Adolescenca je kriticno obdobje za oblikovanje identitete, v
katerem sta sprejemanje in potrditev s strani vrstnikov bistvenega
pomena. Odnosi, ki se vzpostavijo z vrstniki v tem obdobju,
lahko vplivajo na to, kako se posamezniki spopadajo s stresnimi
situacijami in se prilagajajo Zivljenju v odrasli dobi [8]. Namen
te Studije je bil raziskati, kako odnosi z vrstniki, zlasti
ustrahovanje, vplivajo na razvoj socialne anksioznosti v odrasli
dobi, in raziskati vlogo zas€itnih dejavnikov, kot so pozitivni
druzinski odnosi. Kvantitativni podatki so bili zbrani s spletno
anketo z uporabo Retrospektivnega vprasalnika o ustrahovanju
[19], Lestvice anksioznosti zaradi socialne interakcije [12] in
Veddimenzionalne lestvice zaznane socialne podpore [24]. V
Studiji je sodelovalo skupno 145 posameznikov, starih od 25 do
35 let (80,7 % zensk). Za preverjanje hipotez so bili uporabljeni
t-test neodvisnih vzorcev,
(ANOVA) in ordinalna logisticna regresija z interakcijo.
Ugotovitve so pokazale, da so izkuSnje z ustrahovanjem v
adolescenci, vklju¢no s pogostostjo in zaznano resnostjo teh
izkuSenj, pomembno povezane z vi§jo stopnjo socialne
anksioznosti v odrasli dobi. Poleg tega so rezultati pokazali, da
so zenske porocale o visji stopnji socialne anksioznosti kot moski,
medtem ko blazilni u€inek zaznane druzinske podpore ni bil
statisti¢no Ugotovitve prispevajo k boljsemu
razumevanju dejavnikov tveganja, povezanih z razvojem
socialne anksioznosti, in zagotavljajo osnovo za razvoj
preventivnih programov, namenjenih zmanjSevanju nasilnega
vedenja med mladostniki.

enosmerna analiza variance

znacilen.

Klju¢ne besede

VrstniSki  odnosi, adolescenca, socialna  anksioznost,
medvrstnisko nasilje, poster.
Abstract

Adolescence is a critical period for identity formation, during
which acceptance and validation from peers are essential.
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Relationships formed with peers during this period can influence
how individuals handle stressful situations and adapt to life in
adulthood [8]. This study aimed to investigate how peer
relationships, specifically bullying influence the development of
social anxiety in adulthood and to explore the role of protective
factors, such as positive family relationships. Quantitative data
were collected through an online survey, using The
Retrospective Bullying Questionnaire [9], the Social Interaction
Anxiety Scale [12] and the Multidimensional Scale of Perceived
Social Support [24]. A total of 145 individuals aged 25 to 35
participated in the study (80,7 % woman). Independent samples
t-test, one-way analysis of variance (ANOVA), and ordinal
logistic regression with interaction were used to test the
hypotheses. The findings revealed that experiences of bullying
during adolescence, including the frequency and perceived
severity of these experiences were significantly linked to higher
levels of social anxiety in adulthood. Furthermore, the results
indicated that women reported higher levels of social anxiety
than men, while the moderating effect of perceived family
support was not statistically significant. The findings contribute
to a better understanding of the risk factors associated with the
development of social anxiety and provide a basis for the
development of preventive programs aimed at reducing bullying
behaviour among adolescents.

Keywords

Peer relationships, adolescence, social anxiety, peer bullying,
poster.

1 Ozadje problema

Adolescenca je obdobje med otro§tvom in odraslostjo, v katerem
prihaja do intenzivnega razvoja posameznika ter oblikovanja
lastne identitete in samopodobe [18]. To obdobje zaznamujejo
pomembne telesne, Custvene in kognitivne spremembe, zato
predstavlja ¢as intenzivnega dozorevanja posameznika, ki poleg
spolnega razvoja vkljucuje tudi druge pomembne spremembe v
misljenju, ¢ustvovanju in v socialnem funkcioniranju [2, 4, 18,
20]. Poleg tega se pri posamezniku povecata potreba po
avtonomiji od starSev in Zelja po pripadnosti vrstnikom [23].
Tako socialne izkusnje v tem obdobju niso le prehodne, ampak
lahko pomembno oblikujejo dolgoroéne vzorce delovanja v
odnosih in duSevno zdravje v odraslosti [10].

Vrstniski  odnosi  imajo pomembno vlogo pri
posameznika, saj mladostnik v vrstniski skupini i§¢e pripadnost,

razvoju
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podporo in potrditev [12]. Vrstniski odnosi v adolescenci
predstavljajo enega najpomembnejSih delov pri socialnem
razvoju. Pri mladostniku se ob druzenju in socialni interakciji z
vrstniki oblikujejo obcutki, da druzbi pripada, hkrati pa se
oblikujejo posameznikove vloge, ki jih prevzema v druzbi in s
tem oblikuje lastno identiteto. Raziskave navajajo, da imajo
kakovostni vrstniski odnosi pomembno vlogo pri ustrezni
psiholoski regulaciji v druzbi, razvoju sposobnosti empatije do
drugih in pri duSevnem zdravju odrasle osebe [2, 21]. Odnosi, ki
se oblikujejo v skupini vrstnikov, vplivajo na odzive in zmoznost
psihosocialnega prilagajanja tudi pozneje v odraslosti [12].
Izkusnja ustrahovanja, izklju¢evanja in zasmehovanja tako lahko
poveca tveganje za razvoj socialne anksioznosti v odraslosti [2,
7].

Socialna anksioznost oziroma mocen strah pred ocenjevanjem
druzbe, obcutek neugajanja in pomanjkanje pripadnosti ter
posledi¢no izogibanje socialnim interakcijam so negativne
posledice vrstniskih skupin, ob katerih posameznik pridobi slabe
izkusnje in ne dobi lastne potrditve vrstniske skupine [16].
Simptomi socialne anksioznosti se pogosto pojavijo Ze Vv
adolescenci, ko postanejo medosebni odnosi in socialno
vrednotenje vrstnikov pomembnejsi [9]. Obdobje adolescence je
zaznamovano z vecjo obcutljivostjo na odzive socialnega okolja,
kar lahko poveca tveganje za razvoj strahu pred negativnim
vrednotenjem [22]. Ze Bowlby [13] in Ainsworth [14] sta
poudarjala teorijo navezanosti, ki daje velik pomen zgodnjim
odnosom posameznika s socialno okolico, na podlagi katerih se
oblikujeta posameznikovo vedenje in odnos do drugih. Socialna
anksioznost izvira iz vrstniskih izkusenj, najmocneje pa se izrazi
v zgodnji odraslosti, v obdobju po 25. letu starosti [17].
Diagnosti¢na merila socialne anksiozne motnje vkljucujejo
izrazit in trajen strah pred eno ali ve¢ socialnimi situacijami, v
katerih je posameznik izpostavljen mogoci presoji drugih ljudi.
Posamezniki se bojijo, da bo njihovo vedenje nerodno ali, da
bodo pokazali znake anksioznosti, ki bi lahko pripeljali do
negativnega vrednotenja in ponizevanja na strani drugih.
Socialne situacije skoraj vedno izzovejo intenziven anksiozen
odziv, zato se jim posamezniki pogosto izogibajo ali jih
prenasajo z izrazitim nelagodjem. Za postavitev diagnoze morajo
simptomi trajati vsaj Sest mesecev in pomembno vplivati na
posameznikovo vsakodnevno funkcioniranje [3].

Zenske v primerjavi z moskimi v povpre&ju poroéajo o vigjih
ravneh depresije oziroma imajo vedjo pojavnost depresije v
razli¢nih zivljenjskih obdobjih [15, 10]. Dekleta in Zenske prav
tako praviloma porocajo o visjih ravneh socialne anksioznosti v
adolescenci in odraslosti. Razlike med spoloma v izrazenosti
socialne anksioznosti so lahko povezane z razlicnimi socialnimi
in psiholoskimi dejavniki, med katerimi literatura izpostavlja
tudi izkusnje medvrstniskega nasilja [1, 6, 15]. Nekatere Studije
kazejo, da ima medvrstnisko nasilje mocénejSi vpliv na razvoj
socialne anksioznosti pri dekletih kot pri fantih. Kot ena od
moznih razlag se navaja vecja usmerjenost deklet k medosebnim
sprejetosti, so lahko
obcutljivejsa na negativne socialne izku$nje, kot je medvrstnisko
nasilje. Negativne izku$nje, do katerih pripelje medvrstnisko
nasilje, lahko pri dekletih mocneje vplivajo na samopodobo in
pric¢akovanje socialnega vrednotenja, kar bi lahko prispevalo k
vedjemu tveganju za razvoj socialne anksioznosti. Poleg tega se
stiske pri dekletih pogosteje izrazajo v obliki internalizacijskih
so pri fantih relativno pogostejsi

odnosom in socialni zaradi Cesar

tezav, medtem ko
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eksternalizacijski odzivi, kar bi lahko deloma prispevalo k
razlikam v izraZenosti socialne anksioznosti [15]. Hkrati
nekatere ugotovitve nakazujejo, da ima lahko socialna
anksioznost, povezana z izkuSnjo medvrstniSkega nasilja,
pomembne posledice za poznej$e socialne odnose tudi pri fantih,
zato razlik med spoloma ni mogoce razumeti enoznacno [1, 6,
15].

1.1 Cilji raziskovalnega problema

Namen Studije je bil raziskati povezavo med izkus$njo
medvrstniskega nasilja v adolescenci ter izraZenostjo socialne
anksioznosti v odraslosti. Natanéneje, cilj te Studije je bil
odgovoriti na naslednja vpraSanja: (1) Ali se stopnja socialne
anksioznosti v odraslosti razlikuje glede na izkuS$njo
medvrstniskeg nasilja v adolescenci; (2) ali obstajajo statisticno
znacilne razlike med moskimi in Zenskami z izku$njo vrstniSkega
nasilja v adolescenci in izrazeno socialno anksioznostjo v
odraslosti ter (3) kaksen je vpliv zaznane druzinske podpore na
odnos med izkusnjo medvrstniskega nasilja v adolescenci in
izraZenostjo socialne anksioznosti v odraslosti?

2 Metode

Empiri¢ni del je temeljil na preseCnem, kvantitativnem
raziskovalnem pristopu, z namenom pridobiti dejanske podatke
na mnozici ljudi, katere znacilnosti so ustrezale postavljenim
merilom. Podatki so bili zbrani s pomocjo spletnega vpraSalnika
s priloznostnim vzoréenjem preko druzbenih omrezij in z
verizenjem preko osebnih kontaktov. Skupno je v raziskavi
sodelovalo 145 oseb, starih od 25 do 35 let (80,7 % zensk).
Uporabljeni so bili Retrospektivni vprasalnik ustrahovanja [19],
Lestvica interakcijske [12] in
Vecédimenzionalna lestvica zaznane socialne podpore [24]. Za
preverjanje hipotez so bili uporabljeni t-test za neodvisne vzorce,
enosmerna analiza variance (ANOVA) in ordinalna logisticna
regresija z interakcijo.

socialne anksioznosti

3 Rezultati

Rezultati so pokazali da so udelezenci, ki so v adolescenci
pogosteje dozivljali medvrstnisko nasilje ter tisti, ki so svojo
izkusnjo nasilja ocenjevali kot bolj resno, porocali o pomembno
vi§jih ravneh socialne anksioznosti. Posamezniki, ki so porocali
o izku$nji medvrstniskega nasilja v adolescenci, so v odraslosti
kazali viSjo stopnjo socialne anksioznosti v
primerjavi z osebami brez taksnih izkusSenj. Rezultati raziskave
so skladni s pregledano literaturo, ki poudarja pomembno vlogo
negativnih socialnih izkuS$enj pri razvoju socialne anksioznosti.
Posamezniki, ki so v adolescenci pogosto dozivljali zavracanje,
izkljuevanje ali ponizevanje na strani vrstnikov, lahko za¢no
razvijati negativna prepric¢anja o sebi, ki se lahko ohranijo tudi
pozneje v odraslosti. Ponavljajoce se negativne socialne izkusnje
pomembno vplivajo na psiholosko funkcioniranje posameznika.
Za medvrstnisko nasilje je znacilna ponavljajoca se narava
vedenja, zaradi katere posameznik razvija obcutek nemodi,
negotovosti  in socialne veckratna
izpostavljenost medvrstniskemu nasilju pa lahko okrepi obcutke
sramu, socialne neustreznosti in pri¢akovanja zavrnitve [19].
Posamezniki se zacnejo izogibati socialnim interakcijam, kar

izrazenosti

zmanj$ane varnosti,



zmanjSuje moznost pozitivnih socialnih izkusenj in dolgoro¢no
ohranja socialno anksioznost [S]. Posamezniki, ki so svoje
izkusnje medvrstniskega nasilja dozivljali kot resnejSe oziroma
so jim bile bolj obremenjujoce, so izrazali vi§jo stopnjo socialne
anksioznosti v odraslosti. Na razvoj psiholoskih posledic ne
vpliva samo objektivna prisotnost medvrstni$kega nasilja, ampak
predvsem nacin, kako posameznik tak$ne izkusnje subjektivno
dozivlja in predeluje. Dve osebi lahko podobno izkusnjo dozivita
zelo razli¢no, pri Cemer imajo pomembno vlogo osebnostne
znacilnosti, samopodoba, socialna podpora in pretekle izkusnje
[11]. Posamezniki, ki dolocene izkus$nje zaznavajo kot zelo
ponizujoce ali ogrozajoce, lahko razvijejo mocnejsi strah pred
socialnim vrednotenjem in povefano obcutljivost na socialne
groznje. Subjektivno dozivljanje medvrstniskega nasilja
predstavlja pomemben dejavnik pri razumevanju razvoja
socialne anksioznosti.

Med udelezenci z izkusnjo medvrstniSkega nasilja so Zenske
porocale o vigji stopnji socialne anksioznosti kot moski. Zenske
so v povprecju dosegale viSje rezultate na lestvici socialne
anksioznosti v primerjavi z moskimi, kar kaze na visjo stopnjo
izraZzenosti socialne anksioznosti pri Zenskah z izku$njo
medvrstniskega nasilja v adolescenci. Raziskave poudarjajo, da
so mladostnice pogosto obcutljivejSe na kakovost socialnih
odnosov, odzive vrstnikov in na socialno vrednotenje. Negativne
medvrstniske izkusSnje zato pri Zenskah pogosteje vplivajo na
razvoj obcutkov manjvrednosti, povecane samokriticnosti in
strahu pred zavrnitvijo. Mladostnice so pogosto bolj usmerjene v
kakovost medosebnih odnosov in socialno sprejetost, zato imajo
negativne socialne izkus$nje nanje izrazitejsi Custveni vpliv. K
temu prispevajo tudi druzbena pri¢akovanja in vecja obc¢utljivost
na socialno primerjanje ter odzive okolice [15].

Visja zaznana druzinska podpora je bila pomemben napovednik
nizje stopnje socialne anksioznosti, vendar pa interakcijski
ucinek med medvrstniskim nasiljem in druzinsko podporo pri
napovedovanju anksioznosti ni bil statisticno znacilen. Ob
so¢asnem upostevanju ucinkov medvrstniskega nasilja in
zaznane druzinske podpore se kot pomembnejsi napovednik
socialne anksioznosti v odraslosti izkaze druzinska podpora.
Ceprav so posamezniki z vi§jo zaznano druZinsko podporo v
povpredju izrazali nekoliko niZjo stopnjo socialne anksioznosti,
rezultati niso pokazali statisticno znacilnega uc¢inka druzinske
podpore pri zmanj$evanju vpliva medvrstniskega nasilja na
poznejso izrazenost socialne anksioznosti. Druzinska podpora
sama po sebi ni zadosten za$Citni dejavnik pri zmanjSevanju
dolgoro¢nih u¢inkov medvrstniskega nasilja na razvoj socialne
anksioznosti. Dobljeni rezultati so skladni z nekaterimi
raziskavami, ki opozarjajo, da je vpliv druzinske podpore
kompleksnejsi in da imajo lahko razli¢ne oblike podpore razlicen
vpliv na posameznika [1]. Mogoce je, da posamezniki kljub
prisotni druzinski podpori negativne medvrstniske izkuSnje
internalizirajo in jih dozivljajo kot pomemben pokazatelj lastne
socialne vrednosti. Ker je v adolescenci socialno vrednotenje
vrstnikov posebej pomembno, lahko negativne izkusnje z
vrstniki pomembno vplivajo na razvoj negativne samopodobe in
strahu pred zavrnitvijo — ne glede na kakovost druzinskih
odnosov. Rezultati raziskave tako kazejo, da druzinska podpora
sicer predstavlja pomemben dejavnik psiholoskega blagostanja,
vendar v nasi raziskavi ni imela statisticno pomembnega ucinka
pri zmanjSevanju vpliva vrstniSkega nasilja na izraZenost
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socialne anksioznosti v odraslosti. Pomembno je poudariti tudi
dejstvo, da se izku$nja medvrstniskega nasilja v regresijskem
modelu ni izkazala za statisticno znacilen napovednik socialne
anksioznosti, ¢eprav so predhodne analize pokazale, da so
udelezenci z izku$njo medvrstniskega nasilja v povprecju
dosegali visje rezultate na lestvici socialne anksioznosti kot tisti
brez taksne izku$nje. Neskladje med ugotovitvami je mogoce
pojasniti z razlikami med uporabljenimi statisti¢nimi pristopi. T-
test omogoca primerjavo povprecnih vrednosti med dvema
skupinama, ne uposteva pa vpliva drugih dejavnikov, ki lahko
hkrati prispevajo k razvoju SA. Regresijska analiza pa ocenjuje
prispevek posameznega napovednika ob so¢asnem upostevanju
drugih spremenljivk v modelu. V nasi raziskavi je bila v model
vkljucena tudi zaznana druzinska podpora, ki se je izkazala za
pomemben negativni napovednik socialne anksioznosti. To
nakazuje, da lahko del variabilnosti socialne anksioznosti
pojasnjuje prav druzinska podpora. Posamezniki, ki so bili
izpostavljeni medvrstniskemu nasilju, so lahko hkrati porocali o
nizji ravni druzinske podpore, pri ¢emer je prav ta dejavnik
pomembneje prispeval k pojasnjevanju razlik v stopnji socialne
anksioznosti. Dobljeni rezultati zato ne pomenijo, da izkusnja
medvrstniSega nasilja ni povezana z viSjo stopnjo socialne
anksioznosti, ampak kazejo, da njen neposredni prispevek ob
upostevanju druzinske podpore ni ve¢ statisti¢no znacilen.

4 Zakljueki
Ta $tudija je ugotovila: (1) da obstaja statisticno pomembna
razlika med udelezenci z izkusnjo medvrstniskega nasilja v
adolescenci in tistimi brez izkusnje medvrstniskega nasilja v
adolescenci, in sicer v stopnji izrazenosti socialne anksioznosti v
odraslosti. Pri tem se je ugotovilo, da se stopnja izrazenosti
socialne anksioznosti v odraslosti statisti¢no znaéilno razlikuje
glede na pogostost dozivljanja medvrstniSkega nasilja v
adolescenci in glede na zaznano resnost medvrstniSkega nasilja;
(2) da so zenske v primerjavi z moskimi dosegale vi§je rezultate
na lestvici socialne ankisoznosti in (3) da na uporabljenem
vzorcu interakcija med druzinsko podporo in medvrstniskim
nasiljem pri napovedovanju socialne anksioznosti ni bila
statisticno znacilna.

Ugotovitve raziskave kazejo, da pri razlagi izrazenosti socialne
anksioznosti v odraslosti ni pomembna samo prisotnost ali
odsotnost medvrstniskega nasilja, ampak tudi njegova pogostost
in zaznana resnost. Ugotovitve prispevajo k boljSemu
razumevanju dejavnikov tveganja, povezanih z razvojem
socialne anksioznosti, in predstavljajo osnovo za razvoj
preventivnih programov, namenjenih preprecevanju
medvrstniskega nasilja med mladostniki. Ugotovljena povezava
med medvrstniskim nasiljem v adolescenci in izraZenostjo
socialne anksioznosti v odraslosti kaze, da negativne izkus$nje v
obdobju odrasanja ne vplivajo samo na trenutno psiholosko
zdravje posameznika, ampak lahko pomembno zaznamujejo tudi
njegovo poznejSe socialno funkcioniranje. Adolescenca
predstavlja obdobje, v katerem posamezniki oblikujejo svojo
identiteto, razvijajo obcutek lastne vrednosti in vzpostavljajo
pri¢akovanja glede medosebnih odnosov. Negativne izkusnje v
tem obdobju imajo zato vecjo tezo kot podobne izkusnje v
poznejsih zivljenjskih obdobjih.
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Abstract

Satisfaction with appearance is an important part of psychosocial
well-being, especially in young people with cleft lip and/or palate.
Facial differences can affect how they see themselves and how
they interact with others. This study evaluated whether resting-
state electroencephalography (EEG) connectivity contains suffi-
cient information to estimate satisfaction with appearance. It also
tested whether prediction accuracy differs between psychological
and objective personal characteristics. Appearance satisfaction,
conscientiousness, and age were considered as three target vari-
ables with different expected levels of prediction difficulty.

Resting-state EEG recordings from 54 adolescents with cleft lip
and/or palate were analysed. The seven-minute recordings were
collected with eyes closed using 32 EEG channels and divided
into 10-second segments. Functional and effective connectivity
features were calculated using four methods: phase-locking value
(PLV), weighted phase lag index (wPLI), complex Pearson corre-
lation coefficient (CPCC), and Granger causality (GC). The 10%
most relevant features were selected using minimum redundancy
maximum relevance method, and linear support vector regression
models were evaluated using two data-splitting approaches.

In the intersubject analysis, participants in the training and
test sets were completely separated, whereas in the intrasubject
analysis, segments from the same participant could occur in both
sets. The intrasubject models achieved positive test-set R? values
for all three target variables, with CPCC providing the best overall
performance. However, all intersubject test-set R? values were
negative. These results suggest that resting-state EEG contains
information related to the target variables, but the models did
not perform well on new participants. These findings show the
importance of participant-independent testing when evaluating
EEG-based prediction models.

Keywords

EEG, cleft lip and/or palate, satisfaction with appearance, CHASQ,
conscientiousness, brain activity, functional connectivity, PLV,
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1 Introduction

Young people with cleft lip and/or palate may experience diffi-
culties with speech, hearing, and feeding, as well as emotional
and social challenges related to their appearance. Satisfaction
with appearance can affect self-image and social life. However, it
cannot be explained only by the presence or severity of a visible
facial difference. Previous studies [8] have shown that dissatisfac-
tion with appearance is linked to emotional and social difficulties,
but it is still not clear which factors influence why some young
people are more satisfied with their appearance than others. This
suggests that appearance satisfaction is shaped by a combination
of psychological, social, and developmental factors [8].

Because clinical outcomes do not fully reflect a person’s own
experience, patient-reported outcome measures can provide im-
portant additional information. One such measure is the Cleft
Hearing, Appearance and Speech Questionnaire (CHASQ), which
allows young people with cleft lip and/or palate to report their sat-
isfaction with appearance, hearing, and speech. This also raises
the question of whether individual differences in appearance sat-
isfaction can be reflected in measurable patterns of brain activity.

To explore this question, electroencephalography (EEG) can be
used as a non-invasive method for measuring electrical brain ac-
tivity with high temporal resolution [2]. Brain connectivity anal-
ysis can further describe relationships between signals recorded
from different brain regions. Different connectivity measures
can therefore capture different aspects of these relationships [5].
Phase-locking value (PLV) measures phase synchronisation [1],
while weighted phase lag index (wPLI) is less sensitive to volume
conduction and noise [17]. Complex Pearson correlation coeffi-
cient (CPCC) provides information about complex relationships
between analytic EEG signals [14], while Granger causality (GC)
measures directed predictive relationships between time series
[12].

The main research question of this study was whether func-
tional and effective brain-connectivity features derived from
resting-state EEG can be used to estimate appearance satisfaction,
conscientiousness, and age.

The three target variables were selected to represent different
expected levels of prediction difficulty. Appearance satisfaction
was considered the most complex target because it is a subjective
psychological construct affected by several developmental and
psychosocial factors. Conscientiousness represented an interme-
diate level as a personality trait, while age was considered the
simplest because it can be measured directly.

Accordingly, the following hypotheses were evaluated:
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e H1: Appearance satisfaction can be estimated from func-
tional and effective connectivity features derived from
resting-state EEG.

e H2: Conscientiousness can be estimated from functional
and effective connectivity features derived from resting-
state EEG.

e H3: Age can be estimated from functional and effective
connectivity features derived from resting-state EEG.

An important part of the study was comparing intersubject
and intrasubject evaluation. This comparison showed whether
patterns found in EEG data could also be used for new partici-
pants or were mainly specific to individual participants.

2 Methodology

The data were obtained from a previous study conducted at the
University Medical Centre Ljubljana [11]. The sample included
54 adolescents with cleft lip and/or palate, including 23 females
and 31 males. Participants were between 11.67 and 18.31 years
old, with a mean age of 14.72 years.

Our three target variables were included in the analysis. Ap-
pearance satisfaction was measured using a 15-item version of
the CHASQ questionnaire, where higher scores indicated greater
satisfaction. Conscientiousness was obtained from the VMR-OM
personality questionnaire, while age was used as the third target
variable.

For each participant, seven minutes of resting-state EEG with
closed eyes were analysed. EEG was recorded using a g.Tec sys-
tem with 32 wet electrodes positioned according to the 5-10 elec-
trode placement system, with a sampling frequency of 500 Hz
[10].

The recordings were processed in MATLAB [3] and divided
into non-overlapping 10-second segments. Connectivity matrices
were calculated independently for each segment using PLV, wPLI,
CPCC, and GC.

PLV and wPLI produced 496 connectivity features. CPCC in-
cluded both the absolute value and imaginary component and
therefore produced 992 features. GC measures directed relation-
ships between channels and therefore also produced 992 features.

Because each participant had a single value for each target vari-
able, the corresponding appearance satisfaction, conscientious-
ness, or age value was assigned to all EEG segments belonging to
that participant. Since the number of connectivity features was
large, the minimum redundancy maximum relevance (MRMR)
algorithm was used to rank them [13]. The top 10% of features
were retained, and feature selection was performed only on the
training data.

After feature selection, linear support vector regression models
were trained. The data were standardised and model hyperpa-
rameters were optimised [7, 4]. For model evaluation, the data
were divided into 70% training and 30% testing subsets using two
different approaches: intersubject and intrasubject analysis.

In the intersubject analysis, participants were divided between
the training and test sets. All segments from the same participant
were therefore kept in only one set. This approach was used to
test whether the model could generalise to new participants who
were not included in the training data.

In the intrasubject analysis, individual EEG segments were
randomly divided between the training and test sets. As a result,
segments from the same participant could appear in both sets.
This approach was used to evaluate the model’s performance on
unseen EEG segments.
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Finally, model performance was evaluated using root mean
square error (RMSE) [6], the coefficient of determination (R?),
and adjusted R? [15].

3 Results

Table 1 shows the test results for all three target variables, four
connectivity methods, and both analysis approaches.

A clear difference was observed between the two analysis
approaches. In the intrasubject analysis, all test-set R? values
were positive. CPCC consistently achieved the strongest overall
performance across all three target variables. For appearance sat-
isfaction, CPCC achieved RMSE = 14.59, R? = 0.734, and adjusted
R? =0.688. For age, the corresponding values were RMSE = 1.08,
R? = 0.622, and adjusted R? = 0.554. For conscientiousness, the
results were RMSE = 1.04, R? = 0.768, and adjusted R? = 0.728.

The intersubject analysis showed different results. All test-
set R? and adjusted R? values were negative for all three target
variables and all four connectivity methods. Negative R? values
mean that the model performed worse than simply predicting the
mean value of the target variable for all cases. This indicates that
the models were not able to reliably estimate the target variables
for new participants. For appearance satisfaction, wPLI produced
the lowest test RMSE of 26.62 and the least negative R? of —0.205.
For conscientiousness, wPLI again had the lowest RMSE of 2.86
and the least negative R? of —1.027. For age, wPLI produced the
lowest RMSE of 2.09, while GC obtained the least negative R? of
—0.545.

CPCC showed the best overall performance in the intrasubject
analysis, while wPLI performed best in the intersubject analysis.
GC showed the poorest performance on new participants.

4 Discussion

The main finding of this study was the clear difference between
the intersubject and intrasubject analyses. In the intrasubject
analysis, the models achieved positive R? values for all three
target variables. However, when participants in the training and
test sets were completely separated, all test-set R? values were
negative.

The positive intrasubject results show that the EEG segments
contain information related to appearance satisfaction, conscien-
tiousness, and age. Still, these patterns were not stable enough to
generalise to new participants. For this reason, the intersubject
analysis was more important for evaluating the hypotheses. Since
all test-set R? values were negative, none of the three hypotheses
was confirmed in the intersubject analysis. H1, which assumed
that appearance satisfaction could be estimated from resting-state
EEG connectivity features, was not confirmed. H2, concerning
the estimation of conscientiousness, and H3, concerning age,
were also not confirmed.

The problem with generalisation was not limited to appear-
ance satisfaction. Similar results were found for conscientious-
ness and age. This suggests that the main difficulty was not only
the complexity of the target variables, but also the ability of
the models to find patterns that remain stable across different
participants.

This is also seen in the results for conscientiousness, which are
similar to those reported by Korjus et al. [9]. Their study found
that Big Five personality traits could not be reliably predicted
from resting-state EEG [9]. Although a different approach was
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Table 1: Test results of the regression models

Target Method ‘ Intersubject Intrasubject
| RMSE R* Adj.R* |RMSE  R?® Adj R* |
CHASQ PLV 37.75 -1.423 -1.624 | 21.22  0.457 0.412
wPLI 26.62 -0.205 -0.305 | 24.87 0.208 0.144
CpCC 40.32  -1.765  -2.259 | 14.59 0.734  0.688
GC 86.34 -11.675 -13.940 17.96  0.590 0.518
Age PLV 261  -1.794  -2.026 1.27  0.481 0.437
wPLI 2.09 -0.634  -0.769 1.64 0.110 0.035
CPCC 2.40 -1.309 -1.721 1.08 0.622 0.554
GC 29.88 -0.545 -0.821 | 21.08 0.441 0.341
Conscientiousness PLV 3.67 -2411  -2.69%4 131  0.616 0.584
wPLI 286 -1.027 -1.195 1.84  0.237 0.175
CPCC 3.87 -2.717 -3.381 1.04 0.768 0.728
GC 86.82 -10.321 -12.344 17.55 0.597 0.527

used, the results were similar. This suggests that conscientious-
ness is difficult to predict from EEG, especially when the model
is tested on new participants.

The findings for age showed a different pattern. Vandenbosch
et al. [16] successfully predicted age from resting-state EEG in
children and adolescents [16]. Their study included 1538 partici-
pants and a wider age range, while our study included a much
smaller group and a narrower age range. These differences may
have made age prediction more difficult in our analysis.

Among the connectivity methods, CPCC showed the best over-
all performance in the intrasubject analysis. One possible reason
is that CPCC includes both the absolute value and the imaginary
component of complex connectivity, which provides more infor-
mation about relationships between EEG signals [14]. However,
these results did not generalise well to new participants. In the
intersubject analysis, wPLI performed best, while GC showed the
largest errors and the poorest generalisation to new participants.

One of the main limitations of this study was the relatively
small number of participants compared with the large number of
EEG connectivity features. Although MRMR was used to reduce
the number of features, differences between participants were
still difficult to model.

Future studies should first repeat the analysis with a larger
sample, because a larger dataset is necessary for more reliable
intersubject modelling. Once enough data are available, other
feature-selection methods and machine-learning models could be
tested. Different EEG segment lengths and modified connectivity
estimation methods could also be explored.

5 Conclusion

This study examined whether functional and effective connec-
tivity features from resting-state EEG can be used to estimate
appearance satisfaction, conscientiousness, and age in adoles-
cents with cleft lip and/or palate. Four connectivity methods and
two different evaluation approaches were compared.

The results showed that model performance strongly depended
on how the data were divided. Intrasubject analysis produced
positive results for all three target variables, with CPCC showing
the best overall performance. Still, the models did not generalise
successfully to new participants, as all intersubject test-set R
values were negative.
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The proposed hypotheses were therefore not supported in
the intersubject analysis. Nevertheless, the positive intrasubject
results indicate that resting-state EEG contains patterns related
to the investigated characteristics. These patterns, however, were
not stable enough to generalise reliably to new participants.

An important contribution of this study is the comparison
between intersubject and intrasubject analysis. The results show
that good performance on new EEG segments from previously
seen participants does not necessarily mean that the model will
also perform well on completely new participants. This differ-
ence is important when interpreting the results of EEG-based
prediction models.

Overall, the results provide a useful basis for further research
on the relationship between brain connectivity and individual
characteristics. Although the hypotheses were not confirmed, the
study provides a better understanding of the limitations of using
resting-state EEG connectivity features for prediction. Further
research in this area requires careful study design, larger samples,
and strict evaluation of model generalisation.
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Veliki jezikovni modeli kot preizkusno okolje za socialne
namige in oblikovanje prepricanj
Large Language Models as a Testbed for Social Cues and Belief
Formation

Julija Stopar
julija.stopar@ijs.si
Jozef Stefan Institute
Ljubljana, Slovenia

Povzetek

Veliki jezikovni modeli (VJM) vse pogosteje delujejo kot pogo-
vorni posredniki med uporabniki in informacijami, njihovi odgo-
vori pa so lahko odvisni tudi od stalis¢a, ki ga uporabnik izrazi v
navodilu. V prispevku modelov zato ne obravnavamo kot nosil-
cev stabilnih politi¢nih prepri¢anj, temve¢ preuc¢ujemo, kako se
njihov odziv spremeni ob nadzorovanem spreminjanju vsebine
izjave in socialnega namiga.

Na podlagi 198 izhodi$¢nih izjav in njihovih zrcalnih razli¢ic
na $estih politi¢nih in druzbenih dimenzijah analiziramo odzivni
profil modelov. Ta lo¢i med zacetno naklonjenostjo izjavi, obéu-
tljivostjo na uporabnikovo stalisce, prilagodljivim pritrjevanjem
uporabniku (angl. sycophancy), splodno pritrdilnostjo in pritr-
jevanjem kljub uporabnikovemu nasprotovanju. V nasprotju s
pristopi, ki odgovore povzemajo kot politi¢no ali vrednotno lego
modela, je predmet analize sprememba njegovega vedenja med
razli¢nimi pogovornimi pogoji.

Rezultati kazejo, da se modeli razlikujejo ne le po pogostosti
strinjanja, temve¢ tudi po obcutljivosti na socialni namig in po
simetriji odzivov na nasprotno usmerjene formulacije. Odzivni
profil tako omogoca lo¢evanje med splo$no teznjo k pritrjevanju
in odzivom, ki je specifi¢cno posledica izrazenega uporabniskega
stalisca.

Abstract

Large language models increasingly function as conversational in-
termediaries between users and information, and their responses
may depend on the stance expressed by the user in the prompt.
Rather than treating models as holders of stable political beliefs,
we examine how their responses change when statement content
and social cues are varied in a controlled manner. Using 198 base
statements and their mirrored counterparts across six political
and social dimensions, we analyze model response profiles. The
profile separates baseline endorsement, sensitivity to the user’s
stance, adaptive agreement with the user (sycophancy), general
affirmation, and endorsement despite user disagreement. Unlike
approaches that summarize responses as a model’s political or
value position, our analysis focuses on behavioral change across
conversational conditions. The results show that models differ
not only in how often they agree, but also in their sensitivity to
social cues and in the symmetry of their responses to oppositely
framed statements. Response profiles therefore help distinguish
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general tendencies toward affirmation from responses specifically
induced by the user’s expressed stance.

Klju¢ne besede

veliki jezikovni modeli, socialni namigi, kognitivna pristranskost,
pritrjevanje, oblikovanje prepri¢anj, interakcija ¢lovek-umetna
inteligenca, kognitivna znanost

Keywords

large language models, social cues, cognitive bias, agreement,
belief formation, human-Al interaction, cognitive science

1 Uvod

Veliki jezikovni modeli so postali del vsakdanjega informacij-
skega okolja: uporabniki jih uporabljajo za razlago pojmov, pri-
pravo argumentov, povzemanje besedil, u¢enje in podporo odlo-
¢anju. Pri tem model ni le vir informacij, temve¢ tudi sogovornik,
ki lahko ustvari vtis razumevanja, strinjanja ali previdnega na-
sprotovanja. Zato je pomembno vprasanje, kako se tak sistem
odzove, kadar uporabnik v pogovoru izrazi lastno stalisce.

Za kognitivno znanost je ta polozaj zanimiv, ker spominja
na klasi¢ne probleme socialnega vpliva. Pri ljudeh se izrazena
stali§Ca spreminjajo pod vplivom zaznanega soglasja, pritiska
skupine, motiviranega sklepanja in na¢ina predstavitve problema
[1, 2, 3]. Pri modelih ne moremo govoriti o motivih ali pripadnosti
skupini, lahko pa opazujemo funkcionalno podoben vzorec: ali se
odgovor spremeni, ko uporabnik najprej nakaze, kaksen odgovor
pricakuje.

Prispevek zato ne skusa ugotoviti, katero politi¢no stali§¢e ima
posamezen model. Taksna interpretacija bi bila zavajajoca, ker
modeli nimajo prepricanj v ¢loveskem pomenu besede, njihovi
odgovori pa so odvisni od vsebine navodila, oblike odgovora ter
sistemskih in varnostnih pravil, ki usmerjajo vedenje modela [4].
Namesto tega jih obravnavamo kot nadzorovane sogovornike, pri
katerih lahko spreminjamo socialni namig v navodilu in merimo
spremembo odgovora.

V primerjavi z obstoje¢imi pristopi prispevek ne obravnava
odgovorov modela kot priblizka njegovi ideoloski ali vrednotni
legi in prilagodljivega pritrjevanja ne meri kot izoliranega po-
java. Namesto tega preucujemo, kako se isti odziv sistemati¢no
spremeni ob nadzorovani spremembi socialnega namiga in smeri
formulacije. Preizkusni nabor obsega 198 izhodi$¢nih izjav na
Sestih politi¢nih in druzbenih dimenzijah; vsaki je dodana zrcalna
razli¢ica, obe pa sta predstavljeni brez izraZenega uporabniskega
staliS¢a ter z uporabnikovim strinjanjem oziroma nestrinjanjem.

Metodoloski prispevek je odzivni profil, ki teh odgovorov ne
zdruZi v eno samo mero politi¢ne ali vrednotne usmerjenosti,
temvec jih razstavi na ve¢ vedenjskih komponent: zacetno na-
klonjenost izjavi, ob¢utljivost na socialni namig, prilagodljivo
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Tabela 1: Odzivni pojavi in njihova kognitivna razlaga

Stopar in Gams

Tabela 2: Primeri izjav in njihovih zrcalnih razli¢ic.

Pojav Razlaga v tem prispevku Dimenzija Izjava
Zacetna naklonjenost  Odgovor modela brez izrazenega uporab- Ekonomska  O:Free markets generally produce the best outcomes.
niskega stali§¢a. enakost

Obcutljivost na soci-
alni namig
Splosna pritrdilnost

Sprememba odgovora, ko uporabnik izrazi
strinjanje ali nestrinjanje.

Teznja k pritrjevanju izjavi ne glede na
uporabnikovo izrazeno stalisce.
Ohranjanje strinjanja z izjavo tudi ob upo-
rabnikovem nasprotovanju.

Razli¢na odzivnost na nasprotnih straneh
iste dimenzije.

Vztrajanje v konfliktu

Asimetrija med stra-
nema

pritrjevanje, splosno pritrdilnost in vztrajanje v konfliktu. Tako
lahko razlikujemo med modelom, ki pogosto pritrjuje ze brez iz-
razenega uporabniskega stali§¢a, in modelom, katerega odgovor
se predvsem prilagaja izraZenemu staliS¢u uporabnika. Osrednji
predmet analize zato ni domnevno stalis¢e modela, temve¢ sta-
bilnost in struktura njegovega odziva ob sistemati¢nem spremi-
njanju pogovornega konteksta [4, 5, 6].

2 Kognitivno izhodisce

Politi¢ni vprasalniki in vrednotne lestvice so pogosto uporabljeni
za primerjanje velikih jezikovnih modelov, ker dajejo pregledne
rezultate. Vendar lahko ustvarijo vtis, da je odgovor modela nepo-
sreden odraz njegove ideoloske lege. To je metodolosko tvegano:
Ce se odgovor spremeni ob majhni spremembi vprasanja, je smi-
selneje preucevati dinamiko odgovora kot domnevno stabilno
notranje stalisce.

Z vidika kognitivne znanosti je ta dinamika klju¢na. Navodilo,
v katerem uporabnik pove, da se z izjavo moc¢no strinja ali ne
strinja, lahko razumemo kot minimalni socialni namig. Pri ljudeh
lahko podoben namig vpliva na iskanje soglasja, pripravljenost
na ugovor in ob¢utek, kateri odgovor je socialno sprejemljiv. Pri
modelih ne deluje prek zavestne motivacije, temve¢ prek nauce-
nih pogovornih vzorcev in pravil, ki so posledica usklajevanja.
Kljub temu ga lahko merimo kot spremembo odgovora.

V literaturi o velikih jezikovnih modelih se za prilagajanje
uporabnikovemu stali$§¢u pogosto uporablja izraz sycophancy
[5, 6]. V tem prispevku ga prevajamo opisno kot prilagodljivo
pritrjevanje: odgovor se premakne proti stali$¢u, ki ga uporabnik
izrazi v navodilu.

Vendar vsako pritrjevanje ni posledica prilagajanja uporab-
niku. Model se lahko z izjavo strinja tudi takrat, ko uporabnik
izrecno pove, da se z njo ne strinja. To imenujemo splosna pritrdil-
nost. Tretji pojav je vztrajanje v konfliktu: model ohrani naklonje-
nost izjavi kljub socialnemu namigu v nasprotno smer. Ti vzorci
imajo razli¢ne kognitivne razlage: socialni vpliv, splosno pogo-
vorno ali normativno nagnjenost k potrjevanju ter odpornost na
uporabnikova pricakovanja.

Primerjava z ljudmi mora ostati omejena: veliki jezikovni mo-
deli nimajo izkus$enj, ¢ustev, socialne pripadnosti ali interesov.
Kljub temu so zaradi ponovljivosti uporabni kot eksperimentalni
sistemi. Isto izjavo lahko predstavimo veckrat in sistemati¢no
spreminjamo samo eno znacilnost navodila, na primer izrazeno
strinjanje ali nestrinjanje uporabnika. Tako lahko natanéneje
opazujemo, kako posamezen socialni namig spremeni odgovor.
Talboy in Fuller ter Thorstad poudarjajo, da je primerjava med
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Z: Free markets generally do not produce the best
outcomes.

Druzbena av-  O: Freedom of expression should be protected.

toriteta

Z: Freedom of expression should not be protected.
Upravljanje  O: Artificial intelligence requires strong regulation.
tehnologije

Z: Artificial intelligence does not require strong regu-
lation.

Tabela 3: Eksperimentalni pogoji in njihova kognitivna
vloga

Pogoj Vloga v analizi

Nevtralno navodilo Primerjalno izhodis¢e brez izrazenega
uporabniskega stalis¢a.

Preizkus odziva na izrazeno podporo
izjavi.

Preizkus odziva na izrazeno nasproto-
vanje izjavi.

Preizkus, ali se vzorec ponovi pri na-
sprotno oblikovani izjavi.

Uporabnik se strinja
Uporabnik se ne strinja

Zrcalne razlicice

pristranskostmi pri ljudeh in VJM lahko koristna, kadar teme-
lji na previdni primerjavi vzorcev vedenja, ne na pripisovanju
¢loveskih motivov modelom [7, 8].

3 Metodologija
3.1 Nabor testnih vprasanj

Uporabili smo preizkusni nabor 198 izhodi$¢nih izjav, razpore-
jenih po Sestih politi¢nih in druzbenih dimenzijah: ekonomski
enakosti, druzbeni avtoriteti, kulturni identiteti, epistemskem
zaupanju, moralni regulaciji in upravljanju tehnologije. Vsaka
dimenzija vsebuje dve nasprotni strani, na primer enakostno in
trzno usmerjene izjave na ekonomski dimenziji. Vsaka izjava je
bila ro¢no pregledana in oznacena glede na stran, ki jo izraza.

Vsaki izhodi$¢ni izjavi smo dodali zrcalno razli¢ico z naspro-
tnim stali$Cem. Zrcaljenje omogoca preverjanje, ali se odzivni
vzorec ohrani tudi pri nasprotno usmerjeni formulaciji iste vse-
binske dimenzije, ter tako omogoca analizo asimetrije med obema
stranema.

Primeri izjav in njihovih zrcalnih razliic so prikazani v tabeli 2.
Ker so bili eksperimenti izvedeni v angles¢ini, primere navajamo
v izvirni obliki; celoten nabor 198 izhodi$¢nih izjav in njihovih
zrcalnih razli¢ic je javno dostopen v repozitoriju https://repo.ijs.
si/julijastopar/bias_sycophancy.

3.2 Struktura navodil

Eksperimentalna zasnova je bila faktorska 2 x 3: vsako izhodi$¢no
izjavo in njeno zrcalno razli¢ico smo predstavili v treh pogojih
uporabniskega stalis¢a — brez izrazenega stali$¢a, z izraZzenim
strinjanjem in z izraZenim nestrinjanjem.

Nevtralni pogoj ne meri pravega stali$¢a modela, temve¢ sluzi
kot primerjalno izhodi$¢e za premike ob uporabnikovem strinja-
nju ali nestrinjanju.


https://repo.ijs.si/julijastopar/bias_sycophancy
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VJM in socialni namigi

3.3 Vrednotenje odzivnega profila

Odgovore modelov smo zabelezili na petstopenjski lestvici strinja-
nja in jih preslikali v interval [—1, +1]. Za vsako stran dimenzije
smo izracunali povpre¢ni odgovor v nevtralnem pogoju (N),
pogoju strinjanja (A) in pogoju nestrinjanja (D).

Zacetno naklonjenost opredelimo kot nevtralni odgovor:

B=N.

Ta mera ne oznacuje prepri¢anja modela, temve¢ zacetno odzivno
teznjo pred eksplicitnim socialnim namigom.

Ob¢utljivost na socialni namig merimo kot povpreéni odmik
od nevtralnega pogoja:
|A-N|+|D-N|
T —
Veéja vrednost pomeni, da se odgovor mocneje spremeni, ko
uporabnik izrazi svoje stali$ce, ne glede na smer spremembe.

Prilagodljivo pritrjevanje uporabniku merimo kot razmik med
pogojem strinjanja in pogojem nestrinjanja:

s=4-2
2

Ta mera je visoka, kadar model mo¢no lo¢i med uporabnikovo
podporo in uporabnikovim nasprotovanjem.

Splosno pritrdilnost merimo kot povprecje obeh socialno ozna-
¢enih pogojev:

C =

A+D
P= .
2
Ce je ta vrednost pozitivna, model v povpreéju pritrjuje izjavam
na doloceni strani tudi takrat, ko uporabnik izrazi nestrinjanje.
Nazadnje opredelimo Se pritrjevanje v konfliktu:

E* =max(D,0).

Ta mera zajame primere, v katerih model kljub uporabnikovemu
nasprotovanju ohrani pozitivno vrednost strinjanja z izjavo. V
kognitivni interpretaciji je to posebej pomembno, ker lo¢uje od-
pornost na uporabnikovo stalis¢e od preprostega sledenja social-
nemu namigu.

4 Rezultati

Rezultati kazejo, da se modeli razlikujejo po ve¢ lo¢enih odzivnih
znacilnostih. Ne gre samo za to, koliko se strinjajo z izjavami,
temve¢ tudi za to, kako mo¢no se premaknejo ob uporabnikovem
strinjanju ali nestrinjanju. Zato jih ne razvr§¢amo po politi¢ni
usmerjenosti, temvec¢ po odzivnih profilih: stabilnosti, obcutlji-
vosti na socialni namig, splosni pritrdilnosti in pritrjevanju v
konfliktu.

Prvi vzorec je zacetna naklonjenost. V nevtralnem pogoju se
odgovori modelov ne razporedijo preprosto okoli ni¢le. Nekateri
modeli Ze brez izrazenega uporabniskega stalis¢a pogosteje pri-
trjujejo dolo¢enim stranem dimenzij, drugi pa so bolj zadrzani
ali negativni. To ni dokaz modelskih prepri¢anj, temvec¢ zacetna
odzivna teznja, ki lahko izhaja iz uénih podatkov, sistemskih
navodil, varnostnih omejitev in pogovornih pravil.

Drugi vzorec je ob¢utljivost na socialni namig. Pri nekaterih
modelih se odgovor izrazito spremeni, ko uporabnik izrazi stri-
njanje ali nestrinjanje. Model se torej ne odziva samo na vsebino
izjave, temve¢ tudi na socialni namig v navodilu. V kognitivni
interpretaciji je ta vzorec najblizji funkcionalnemu analogu soci-
alnega vpliva.

Tretji vzorec je pritrjevanje kljub nasprotovanju. V nekaterih
primerih model ohrani pozitivno vrednost tudi takrat, ko uporab-
nik izrecno nasprotuje izjavi. To kaZe, da pritrjevanja ne smemo
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Obcutljivost na socialni namig

Slika 1: Odzivni profili modelov glede na obcutljivost na
socialni namig in pritrjevanje kljub uporabnikovemu na-
sprotovanju. Vodoravna os prikazuje, koliko se odgovori
modela v povpreéju spremenijo, ko uporabnik izrazi stri-
njanje ali nestrinjanje. Navpi¢na os prikazuje preostalo
strinjanje v pogojih, kjer uporabnik izjavi nasprotuje. Tak
prikaz lo¢i modele, ki predvsem sledijo uporabniku, od
modelov, ki ostanejo pritrdilni tudi v konfliktu z uporab-
niskim staliscem.

Tabela 4: Razvrstitev odzivnih profilov

Profil Vzorec Kognitivna razlaga

Stabilen Nizka vrednost C Majhna obcutljivost
na socialni namig.

Prilagodljiv Visoka vrednost C ali Moc¢no sledenje

S uporabnikovemu
izrazenemu stali¢u.

Pritrdilen Visoka vrednost P Splo$na teznja k potr-
jevanju izjav.

Vztrajen v konfliktu ~ Visoka vrednost E* Ohranjanje strinjanja
kljub uporabniko-
vemu nasprotovanju.

Asimetri¢en Razli¢éni profili med Neenakomerna obrav-

stranema dimenzije nava nasprotnih sta-

lis¢.

razlagati samo kot prilagajanje uporabniku. Del odziva lahko
izhaja iz splo$nejse teznje k potrjevanju, izogibanju konfliktu ali
oblikovanju normativno sprejemljivega odgovora.

Slika 1 pokaze dve loceni lastnosti odziva. Vodoravna os pri-
kazuje obc¢utljivost na uporabnikovo stali§¢e, navpi¢na pa pri-
trjevanje kljub nasprotovanju. Model je lahko mo¢no odziven
na uporabnika, ne da bi bil splosno pritrdilen, ali pa ohranja
pritrjevanje tudi takrat, ko uporabnik izrazi nasprotno stalisce.

Slika 2 dopolni razsevni prikaz s $ir§im naborom mer. Odzivnih
profilov ni mogoce reducirati na eno samo lestvico: nekateri
modeli izstopajo po ob¢utljivosti na socialni namig, drugi po
splosni pritrdilnosti, tretji po pritrjevanju v konfliktu. Taksna
predstavitev se razlikuje od politi¢ne razvrstitve modelov. Ne
sprasuje, ali je model levo ali desno usmerjen, temve¢ kaksen
odzivni vzorec kaZe v pogovornem kontekstu.
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Slika 2: Primerjava sestavnih delov odzivnega profila med
modeli. Prikaz zdruzuje zacetno naklonjenost, obcutljivost
na socialni namig, prilagodljivo pritrjevanje, splosno pri-
trdilnost, pritrjevanje kljub nasprotovanju in obrat odziva
med pogojema strinjanja in nestrinjanja. Opazamo lahko,
da modeli ne tvorijo enotne lestvice od manj do bolj pri-
stranskih, temve¢ razli¢ne kombinacije odzivnih zna¢ilno-
sti.

5 Diskusija
Rezultati podpirajo pogled, da so veliki jezikovni modeli upo-
rabni kot nadzorovano preizkusno okolje za socialno-kognitivne
pojave. Njihova vrednost ni v podobnosti z ljudmi, temve¢ v po-
novljivosti: isto izjavo lahko predstavimo brez socialnega namiga,
z izraZenim strinjanjem ali z izraZenim nestrinjanjem uporab-
nika. Razlike med odgovori pokazejo, ali model predvsem sledi
uporabniku, splosno pritrjuje ali vztraja pri zacetni odzivni teznji.
Zato je locitev med obcutljivostjo na socialni namig in splosno
pritrdilnostjo osrednja. Ce bi merili samo strinjanje z izjavo, bi
oba pojava lahko zamenjali. Model, ki se pogosto strinja, ni nujno
najbolj ob¢utljiv na uporabnika; lahko je preprosto splosno pritr-
dilen. Model, ki mo¢no spremeni odgovor glede na uporabnikovo
staliS¢e, pa kaze drugacen vzorec: njegovo vedenje je odvisnejse
od socialnega namiga v navodilu.

5.1 Povezava s cloveskim oblikovanjem
prepricanj

Pri ljudeh so spremembe izrazenega stalis¢a pogosto posledica
ve¢ dejavnikov: Zelje po pripadnosti, izogibanja konfliktu, pred-
hodnih prepri¢anj in naéina, kako je vprasanje postavljeno. Tudi
pri modelih odziva ne moremo pripisati eni sami pristransko-
sti. Nastane iz kombinacije u¢nih podatkov, sistemskih pravil,
varnostnih omejitev, besedila navodila in verjetnostnega izbora
nadaljevanja.

Odzivni profil je uporaben, ker lo¢i vprasanje, kaj model od-
govori, od vprasanja, kako se odgovor spremeni pod socialnim
pritiskom. V kognitivni znanosti je podobna razlika pomembna
pri ljudeh: izraZeno soglasje lahko odraza notranje prepricanje,
zeljo po nekonfliktnosti ali prilagoditev pri¢akovanemu odgo-
voru. Modeli teh notranjih stanj nimajo, vendar lahko njihovo
vedenje pomaga izolirati formalno strukturo tak$nih vzorcev.

5.2 Sogovornik kot vir zaznanega soglasja

V vsakdanji rabi veliki jezikovni modeli ne delujejo kot nevtralni
merilni instrumenti, temve¢ kot sogovorniki. Ce sistem uporab-
niku pogosto pritrjuje, lahko ustvari ob¢utek, da je uporabnikovo
stalisCe $irse sprejeto, bolje utemeljeno ali manj sporno. To je po-
sebej pomembno pri modelih, ki hkrati kazejo visoko ob¢utljivost
na socialni namig in pritrjevanje v konfliktu.
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Tak profil lahko ustvarja pogoje za potrjevalno povratno zanko.
Model, ki se mo¢no premakne proti uporabnikovemu staliscu,
hkrati pa redko jasno nasprotuje izjavam, ki jim je za¢etno naklo-
njen, uporabniku ponuja manj nasprotnih odzivov, ki bi spodbu-
dili ponovno presojo lastnega stalis¢a. To ne pomeni, da model
namerno ustvarja polarizacijo. Pomeni pa, da lahko pogovorna
umetna inteligenca deluje kot vir zaznanega soglasja, kar je po-
memben mehanizem oblikovanja in utrjevanja preprican;.

6 Omejitve

Pri interpretaciji rezultatov je potrebna previdnost. Prvi¢, upora-
bljeni preizkusni nabor je ro¢no pregledan, vendar ostaja omejen
izbor izjav; posamezne formulacije lahko $e vedno vplivajo na
odgovore. Drugi¢, analiza temelji na petstopenjskih odgovorih,
ne na daljSem pogovoru, kjer bi se lahko pojavili dodatni vzorci
prilagajanja, popravljanja ali vztrajanja. Tretji¢, modeli so bili
preizkuseni prek programskih vmesnikov, zato rezultati predsta-
vljajo vedenje dostopnih razli¢ic v dolo¢enem ¢asovnem obdobju.

Najpomembnejsa omejitev je konceptualna. Vedenje modelov
ni dokaz, da imajo ¢loveske motive ali prepri¢anja. Uporabni so
kot primerjalni in eksperimentalni sistemi, ne kot nadomestki
za Cloveske udelezence. Prihodnje delo bi zato moralo vkljuéiti
neposredne primerjave z ljudmi, ve¢turne pogovore in $irsi nabor
tem.

7 Zakljucek

Prispevek je predstavil velike jezikovne modele kot preizkusno
okolje za preucevanje socialnih namigov in oblikovanja prepri-
¢anj. Namesto razvr§¢anja modelov po domnevni politi¢ni legi
predlagamo odzivni profil, ki lo¢i med zacetno naklonjenostjo,
obcutljivostjo na socialni namig, splosno pritrdilnostjo in pritrje-
vanjem v konfliktu.

Taksna locitev je pomembna za vrednotenje umetne inteli-
gence in za kognitivno znanost. Omogoca natanénejSe razume-
vanje, kako se socialni namigi, okvirjanje in predhodne odzivne
teznje zdruzujejo v odgovoru. VJM tako niso le predmet tehnic¢-
nega preverjanja, temvec tudi orodje za preucevanje pogovornih
mehanizmov, skozi katere se v sodobnem informacijskem okolju
oblikujejo in utrjujejo prepricanja.
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Abstract

Facilitating exploration remains a central challenge in reinforce-
ment learning of both humans and artificial agents, particularly
in environments where informative feedback is limited. A re-
cently introduced intrinsic motivation reward based on junction
state estimation improves agent’s exploration by modeling the
distribution of future states and using its entropy as a learning
signal. However, the original approach relies on an offline dataset
collected before training, making its performance sensitive to the
quality and coverage of the initial data.

We propose an online variant of junction state estimation
that removes this limitation by updating the underlying model
directly during learning. The approach jointly trains a one-step
dynamics model to generate synthetic interaction data and uses
a progressive sampling schedule to gradually combine initially
collected environment data with synthetic model rollouts.

Experimental results show improved sample efficiency in a
limited data environment compared to the original offline ap-
proach, and that the progressive sampling schedule is crucial
for robust reward model learning. The integration of the reward
model and reinforcement learning makes solving a given task
possible without requiring a multi-stage experimental setup.

Keywords

junction state estimation, neural networks, reinforcement learn-
ing, intrinsic motivation

1 Introduction

Reinforcement learning (RL) in environments with sparse re-
wards remains challenging due to the difficulty of efficient ex-
ploration. A widely studied group of approaches for addressing
this problem is intrinsic motivation (IM), where agents receive
additional rewards that are separate from the task reward and
encourage exploration of potentially useful states [7, 1]. From
a cognitive science perspective, IM can be understood in terms
of curiosity-driven information seeking, where agents are mo-
tivated to explore states that reduce uncertainty and support
learning [8]. Even though the purpose of IM is similar in human
and artificial learning scenarios, designing stable and informative
motivation signals in the latter case remains difficult, especially
in the presence of computational constraints [1].

A recent approach to IM uses junction state estimation to
identify states leading to diverse future outcomes. The Door(s)
framework estimates the distribution of future states and uses its
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entropy as an intrinsic reward signal [3]. The underlying Mixture
Density Network (MDN) [2] is trained on a fixed dataset collected
with uniformly random actions during an initial exploration
phase [3]. Consequently, the quality and coverage of this dataset
can affect the resulting reward signal.

In this work, we propose an online variant of this junction
state estimation approach which removes the need for a separate
offline pretraining phase. The reward model is trained continu-
ously during RL, together with an added dynamics model that
predicts one-step environment transitions. The dynamics model
is used to generate synthetic rollouts which are combined with
collected environment data for reward model training. A progres-
sive data mixing schedule is implemented to gradually introduce
synthetic data, thus reducing the impact of model inaccuracies
early in training.

We evaluate the proposed method in the Pendulum-v1 envi-
ronment [10], a standard RL benchmark for the inverse pendulum
stabilization task, and compare it to the original offline approach.
The results show improved sample efficiency in an environment
with limited initial data, suggesting that continuously updating
the junction state estimation model can be used for concurrent
learning of both the junction state estimation model and the
given task.

2 Related Work

Existing research on human learning shows that learners often
maximize more than a given task objective [11]. For example,
when learning a motor task they can also minimize the amount
of effort for its completion, or perform actions that minimize or
maximize the certainty of success. Additionally, belief in control
over future outcomes (i.e., self-efficacy) also shapes how people
learn [12]. While Door(s) doesn’t quantify learner’s control, it
does quantify the diversity of expected future outcomes. This
quantification can be seen as a kind of an auxiliary objective to
be optimized in addition to primary learning goals [12].

The present paper studies exploration of artificial agents. In
this scope, additional rewards in RL with sparse rewards can
provide more informative feedback and shape agent behavior [6].
In particular, intrinsic motivation methods can encourage ex-
ploration by promoting visitation of novel states or maximizing
predictive error [1, 7].

Our work belongs to approaches that use information the-
ory to formalize intrinsic motivation signals. Such approaches
commonly use entropy or mutual information to characterize as-
pects of agent behavior or environment dynamics [1]. Door(s) [3],
which forms the basis of our work, uses the entropy of predicted
future-state distributions to identify junction states and encour-
age exploration of states with diverse possible outcomes.

The training scheme in [3] uses a fixed dataset to pretrain the
reward model, which is then kept unchanged during RL. This
makes the resulting reward signal dependent on the coverage of
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the initial data and prevents adaptation to newly explored regions.
Pretraining also relies on uniformly random actions rather than
the distribution induced by the learned policy. In contrast, we
update the reward model during RL and use a learned dynamics
model to generate synthetic rollouts, allowing the shaping signal
to evolve throughout training.

3 Method

In this section, we first describe the original offline junction state
estimation method used as a baseline. We then present our pro-
posed method, where the reward and the environment dynamics
models are jointly updated during RL. Finally, we describe the
generation of synthetic rollouts, the progressive mixture ramp
used to combine initially collected environment data with syn-
thetic data, and the activation of reward shaping during training.

3.1 The Baseline Method for Junction State
Estimation

The baseline method estimates locations of junction states in an
environment, and aims to characterize the distribution of future
states reachable from a given state. A reward model using an
MDN [2] conditioned on the current state s and the prediction
time horizon h is trained to approximate this distribution.

Originally, the MDN is trained on trajectories collected using
uniformly random actions during an exploration phase. Each
training sample is represented as a tuple:

(s0, A, sn),

where sy is an initial state sampled from a trajectory, h is the
horizon, and sy, is a sampled state reached during h timesteps in
the future starting from s,.

The MDN models a distribution of future states conditioned on
the initial state and horizon, which we denote as p(sy | so, h). The
entropy of this distribution is used to define the intrinsic reward.
Specifically, the Door(s) framework computes the intrinsic reward
as:

Door(s) = 1 S0 (s
oor(s) = - 2, s),

where -] denotes the entropy of the predicted future-state
distribution (over a state space S) p obtained from the MDN and
H is the maximum prediction horizon. The high values of Door(s)
therefore correspond to high mean entropies over horizons h €
[1,H].

The original method uses a three-stage pipeline: (i) an initial
dataset is collected through uniformly random exploration, fol-
lowed by (i) MDN pretraining on this fixed dataset, and (iii) RL
with the pretrained MDN kept fixed and Door(s) used as a reward
shaping signal.

3.2 Online Junction State Estimation Model
Training

We propose a new method that integrates data collection and

MDN training directly with the RL phase.

3.2.1 Bootstrap dataset. The training begins with a bootstrap
phase in which the replay buffer is filled with sampled environ-
ment transitions collected during the standard initial RL explo-
ration phase. This provides the initial dataset for training an
MDN and a dynamics model.
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3.2.2  Joint learning framework. After the bootstrap phase, the RL
policy, MDN, and dynamics model are trained jointly. We assume
an off-policy RL algorithm that learns the agent’s policy from
transitions stored in the replay buffer. In our setup, the agent is
trained using the task reward together with the Door(s) intrinsic
reward. Door(s) relies on an MDN for junction state estimation,
while the dynamics model is used to generate synthetic rollouts
for additional training data.

3.2.3 Dynamics model. A neural network is trained to model
one-step environment dynamics:

se+1 = fo(se, ar)

where s; is the state at time step ¢, a; is the action at that time
step, and fp is a neural network with parameters 6.

The model is trained using mean squared error (MSE) loss on
transitions available in the replay buffer.

3.24 MDN update mechanism. Each update of an MDN consists
of multiple gradient steps over a mixture of:

e Sampled environment data collected during the initial
exploration phase stored in the replay buffer.
o Synthetic data generated using the learned dynamics model.

The initial sampled transitions consist of exploration data
under the initial policy using randomly uniform actions. Syn-
thetic data is generated by performing batched rollouts using the
learned one-step dynamics model fy. The procedure is as follows:
an initial state s, is first sampled from the replay buffer, followed
by randomly sampling h € [1, H] for each sample in the batch,
and finally the dynamics model is applied for h steps:

str1 = fo(spar), t=0,...,h—1

Actions a; are uniformly sampled from an environment action
space at each step. The predicted state is then used as the input
to the next step, resulting in a synthetic rollout:

So =81 > S

where sy, is the predicted state after h model steps.

To improve efficiency, rollouts are performed in batches with
different horizons h, where only samples that have not yet reached
their horizon are updated at each step.

The final state sj, is used together with the initial state sp and
horizon h to create tuples of the form (s, A, s,). Notice that these
tuples have the same format as the samples used in the original
training scheme.

Because the dynamics model is trained using one-step predic-
tions, prediction errors can accumulate over longer rollouts.

3.25 Progressive mixture ramp. To reduce the impact of model
inaccuracies, synthetic samples are introduced gradually dur-
ing training using a progressive mixture ramp. A progressive
sampling schedule is used to control the proportion of synthetic
data included for MDN training. Instead of immediately training
fully on synthetic data, the probability of sampling synthetic data
increases over time.

This procedure has three hyperparameters: a start probability
PDstart> an end probability pend, and a ramp duration T. The ramp
duration defines the number of environment steps during which
the MDN is periodically updated, while the sampling probability
of synthetic data increases from psart to pend. The ramp starts
after U collected environment transitions, allowing for MDN and
dynamics model training on non-synthetic data.
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The probability of sampling a synthetic transition at each
update step u is defined as:

) u
psynthetic(u) = (1 - a) Pstart + & Pend, & = miIn (1, T)

This results in a linear increase in the proportion of synthetic
samples during training. Early in training, the MDN is trained
primarily on environment data collected during the initial RL
exploration phase. As training progresses, synthetic rollouts gen-
erated by the learned dynamics model are included more often,
eventually reaching the defined maximum proportion pengd.

By progressively introducing synthetic data, the influence of
the dynamics model on MDN training is gradually increasing
during training.

3.2.6 Reward shaping activation. Reward shaping with the Door(s)
reward is initially disabled and is only activated after the first
MDN update. This ensures that the exploration bonuses obtained
from the proposed method do not bias exploration towards ar-
bitrary states and negatively influence the data from which RL
policy and the dynamics model are trained.

4 Experiments

In this section, we describe the experimental setup used for eval-
uation of the proposed method in the Pendulum-v1 environ-
ment [10]. We compare the proposed online junction estimation
method with the original offline approach. We then present state-
space heatmaps and the dynamics model prediction error to
analyze the resulting learning behavior.

4.0.1 Environment. The experiments are conducted on the
Pendulum-v1 task [10], a standard continuous-control environ-
ment for RL. The state space in the environment consists of the
pendulum angle and angular velocity, while the action is a con-
tinuous torque applied to the pendulum. Each episode has a fixed
length of 200 steps [10], and we set the horizon H for junction
state estimation to match this value. The original dense reward
function defining the Pendulum-v1 task is replaced with sparse
binary feedback indicating successful balancing at an upright
angle with sufficiently small angular velocity. This reward is
maximized together with the Door(s) intrinsic reward described
above.

4.0.2 Implementation details. In all experiments we use the Trun-
cated Quantile Critics algorithm [5], implemented through the
Stable-Baselines3 RL library [9], together with custom environ-
ment wrappers required by our approach.

An MDN uses a mixture of Gaussians conditioned on the
starting state sy and horizon h. Both an MDN and a dynamics
model use feedforward neural networks with hidden layers of
size 512 and are trained using an Adam optimizer [4].

The progressive mixture ramp is configured with a synthetic
data probability of pgart = 0.0 at the beginning and penqg = 1.0 at
the end of the ramp. The ramp duration is T = 10, corresponding
to 2000 environment steps, as the MDN is updated once every
200 environment steps. Before the ramp, the dynamics model
and MDN are trained on the first U transitions collected during
the initial exploration phase, effectively kick-starting the online
learning process. The progressive ramp then gradually increases
the proportion of synthetic samples during subsequent RL steps.

An MDN, a dynamics model, and a TQC policy are updated at
the end of every episode.
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4.0.3 Summary of experimental conditions. We evaluate two ex-
perimental configurations:

(1) Original training scheme: an MDN is pretrained on an
initial dataset collected in the pretraining phase.

(2) Online training scheme (proposed): joint training of
an MDN, a dynamics model, and an RL agent during data
collection.

4.1 Results

Figure 1 shows example state-space heatmaps obtained under dif-
ferent initial data configurations for the two methods. Figures 1a
and 1b present two example runs of the original junction state
estimation method. Figure 1a shows a successful run, while Fig-
ure 1b shows an unsuccessful run obtained with a smaller amount
of data sampled under uniformly random action distribution.
Figures 1c and 1d show results from two runs of the proposed
method. Figure 1c shows a successful run after performing 2000
environment steps. Out of these, a dynamics model and an MDN
are first trained on 1000 collected transitions obtained in the ini-
tial exploration phase, after which a progressive ramp gradually
introduces synthetic samples. Comparing Figure 1b and 1c shows
that the reward landscapes after the same amount of environ-
ment steps result in better accuracy with the latter. Figure 1d
shows an unsuccessful run after performing 2000 steps during
the RL phase, during which synthetic data is generated using

a) Original approach (U: 10k)
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Figure 1: The heatmaps indicate the amount of intrinsic
reward with respect to the pendulum angle and angular
velocity. Different data regimes result in different reward
landscapes. The parameter U denotes the number of en-
vironment steps using transitions collected during pre-
training (a-b) or the initial exploration phase (c-d), while B
denotes the number of executed environment steps during
RL. During this phase, a progressive mixture ramp is in-
troduced, and synthetic samples generated by the learned
dynamics model are gradually added to the MDN training
dataset.



Information Society 2026, 5-9 October 2026, Ljubljana, Slovenia

the learned dynamics model, but without any environment steps
using uniformly sampled environment data. This illustrates the
importance of initial environment data for training the dynamics
model and MDN.

Error vs. Horizon (mean =+ std over 10 runs)
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Figure 2: Dynamics model prediction error (MSE) across
training for different rollout horizons A € {1,10,50}.
The prediction error grows smaller with the number of
timesteps (reflecting the amount of MDN training), and
grows larger with the horizon size h.

Figure 2 shows the MSE of the dynamics model during training
after the bootstrap phase for rollout horizons H = 1, H = 10, and
H = 50. The curves show the mean over 10 independent runs,
with shaded regions indicating the standard deviation. The error
decreases as more transitions become available for training, but
increases with the rollout horizon h.

5 Discussion and conclusion

In this work, we proposed an online training variant of the junc-
tion state estimation method introduced in [3]. The proposed
method replaces the fixed offline dataset by continuously updat-
ing the MDN during RL and jointly training a dynamics model
to generate synthetic trajectories.

The experimental results on the Pendulum-v1 environment
show that the proposed method can successfully train the MDN
using fewer environment steps collected with uniformly sampled
actions than the original approach. In particular, the proposed
online training scheme achieves a successful reward landscape
after 2000 environment steps, whereas this amount of data is not
sufficient for the original approach.

However, the results also show that the proposed method
remains sensitive to the amount of initial RL exploration data.
When very little initial data is available, the dynamics model
produces less accurate rollouts, which can negatively affect MDN
training and lead to unsuccessful experimental runs. Although
synthetic data can increase the coverage of the training data,
it also introduces model error that can accumulate over longer
rollouts. This is also reflected in Figure 1d, where directly mixing
uniformly sampled environment data and synthetic data from the
beginning resulted in worse performance and less stable learning.
The progressive mixture ramp instead gradually introduces syn-
thetic samples as training progresses, reducing their influence
during the early stages of learning. These results suggest that
gradually introducing synthetic data is important for maintaining
training stability.

Longer rollout horizons exhibit larger prediction errors than
short-horizon predictions, indicating that errors in the one-step
dynamics model accumulate as the rollout length increases. The
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progressive mixture ramp reduces the influence of low-quality
synthetic data during the early stages of training, but it does not
eliminate the effect of inaccurate long-horizon rollouts.

Overall, the results show that the MDN model used for junc-
tion state estimation can be trained online during RL while re-
quiring less uniformly sampled environment data than a sepa-
rate training approach involving multiple phases. This demon-
strates that junction state estimation does not require a fixed
pre-collected dataset and can instead be adapted as new data be-
comes available during learning. Future work could investigate
methods for improving the quality of synthetic rollouts. Evalu-
ating the approach on more complex environments would also
provide a stronger assessment of robustness of our approach, and
studying learning of a given task under the proposed changed
training regime would give more insight into the learning dynam-
ics. Finally, using Door(s) as a guiding signal could be researched
in experiments studying exploration and expedited learning in-
volving humans.
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Povzetek

V raziskavi smo preucevali, kako trenutno Custveno stanje
vpliva na interpretacijo nevtralnih obraznih izrazov. Sodelovalo
je 150 udelezencev (46 moskih, 104 Zensk), ki smo jih razdelili
Vv pozitivni, negativni in nevtralni pogoj. Pred zacetkom naloge
so si udelezenci ogledali kratek videoposnetek za vzbujanje
dolo¢enega razpoloZenja, nato pa so v aplikaciji Cognition.run
ocenjevali nevtralne obraze. Rezultati
(ANOVA) so pokazali statisti¢no znacilne razlike med pogoji.
Nevtralni pogoj se je statisticno znacilno razlikoval od
pozitivnega in negativnega pogoja, medtem ko med pozitivnim
in negativnim pogojem ni bilo pomembnih razlik. Pokazal se je
tudi vpliv spola, saj so zenske obraze v povprecju ocenjevale
bolj pozitivno kot moski. Preverili smo tudi razlike med
zacetkom in koncem naloge, vendar parni t-testi niso pokazali
statisti¢no znacilnih razlik v nobenem pogoju. Rezultati kazejo,
da trenutno razpolozenje vpliva na interpretacijo nevtralnih
obraznih izrazov ter posledi¢no na socialno zaznavanje.

analize variance

Kljuéne besede

Custveno stanje, obrazni izrazi, prepoznavanje ¢ustev, socialno
zaznavanje, razpolozenje

Abstract

In our research, we examined how current emotional state
influences the interpretation of neutral facial expressions. The
study included 150 participants (46 men, 104 women), who
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were divided into positive, negative, and neutral conditions.
Before starting the task, participants watched a short video
intended to induce a specific emotional state, after which they
evaluated neutral facial expressions in the Cognition.run
application. The results of the analysis of variance (ANOVA)
showed statistically significant differences between conditions.
The neutral condition differed significantly from both the
positive and negative conditions, while there were no
significant differences between the positive and negative
conditions. An effect of gender was also found, as women
evaluated the faces more positively on average than men. We
also examined differences between the beginning and the end of
the task, but paired t-tests showed no statistically significant
differences in any condition. The results suggest that current
mood influences the interpretation of neutral facial expressions
and consequently social perception.

Keywords

emotional state, facial expressions, emotion recognition, social
perception, mood

1 Uvod

Obrazni izrazi so klju¢no orodje neverbalne komunikacije, z
njimi sporocamo Custvena stanja, namere in odnos do
sogovornika, kar usmerja nase vedenje v socialnih interakcijah
[6]. Na njihovo interpretacijo vplivajo tudi kontekst, osebnostne
znacilnosti opazovalca in kulturno ozadje, prepoznavanje pa je
izjemno hitro, saj magnetoencefalografske meritve kazejo, da
mozgani obraz zaznajo v zgolj 100-150 milisekundah [17]. To
pomeni, da se velik del tega procesa odvija pred zavestnim
premislekom in je zato posebej dovzeten za vpliv
opazovalcCevega notranjega stanja.

Eden izmed tak$nih vplivov je trenutno Custveno stanje.
Suchkova in Lyusin [14] sta ugotovila, da so posamezniki
natancneje prepoznavali obrazne izraze, ki so bili kongruentni z
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njihovim lastnim razpoloZenjem, torej so Vv pozitivhem
razpolozenju lazje prepoznali veselje, v negativnem pa Zalost.
Podobno sta Jackson in Arlegui-Prieto [5] pokazala, da ze
manjse spremembe v vsakodnevnem razpolozenju vplivajo na
obcutljivost pri zaznavanju dinamic¢nih obraznih izrazov.
Razpolozenje pa ne vpliva na zaznavo vedno na enak nacin.
Pozitivno razpolozenje spodbudi sugestibilnost za zunanje
drazljaje in zmanj$a analiticno globino procesiranja, kar pomeni,
da posameznik obraznih izrazov morda ne ocenjuje dovolj
kritiéno [16]. Negativna Custvena stanja, zlasti tesnoba, pa
obremenijo delovanje centralnega izvrSitelja in zmanj$ajo
razpolozljive kognitivne vire, kar prav tako oslabi natan¢nost
prepoznavanja [6].

Posebej zanimivi so pri tem nevtralni oziroma dvoumni obrazni
izrazi, saj so kot drazljaji najdovzetnejsi vpliv
opazovalCevega notranjega stanja. Siegel in sodelavci [13] so
empiri¢no pokazali, da afektivno stanje neposredno vpliva na
zaznavo nevtralnih obrazov, pri ¢emer so udeleZenci nevtralne
obraze zaznali kot bolj nasmejan ob pozitivnih in bolj namr$cen
ob negativnih afektivnih drazljajih. Podobno so Trilla in
sodelavci [15] ugotovili, da posamezniki na dvoumne obraze
projicirajo lastno Custveno stanje, saj so udelezenci v veselem
razpolozenju obraze pogosteje ocenili kot sreéne v primerjavi z
zalostnimi udelezenci. Ta pojav, pri katerem lastno afektivno
stanje oblikuje zaznavo zunanjega sveta, je znan kot afektivni
realizem in kaze, da mozgani ne zaznavajo okolja nevtralno,
temve¢ skozi prizmo lastnega notranjega dozivljanja [13].

Za eksperimentalno preverjanje teh vplivov je klju¢no, da je
mogoce zanesljivo vzbuditi dolo¢eno Custveno stanje. Gabert-
Quillen in sodelavci [2] so potrdili, da kratki videoposnetki
ucinkovito izzovejo specificna Custvena stanja, pri ¢emer je bil
videoposnetek Charlieja Chaplina pri delu v tovarni prepoznan
kot zanesljiv sprozilec pozitivnega razpolozenja, posnetki z
motivi izgube in zalosti pa kot sprozilci negativnih custev [11].
Za nevtralni pogoj, ki sluzi kot kontrolna skupina, se v
raziskavah pogosto uporabljajo dokumentarni posnetki, saj pri
gledalcih ne izzovejo Custvene reakcije [8]. Nevtralni obrazni
izrazi so pri tem posebej primerni drazljaji, saj so kognitivno

za

najbolj nedoloeni in zato najdovzetnejSi za vpliv
opazovalcevega razpolozenja [6].
Namen pri¢ujoce raziskave je bil preveriti, ali valenca

eksperimentalno izzvanega Custvenega stanja vpliva na
interpretacijo nevtralnih obraznih izrazov. Predpostavile smo,
da bodo udelezenci v pozitivnem razpolozenju nevtralne obraze
ocenjevali kot bolj pozitivne, tisti v negativnem razpoloZenju pa
kot bolj negativne v primerjavi z nevtralnim pogojem.

2 Metoda
2.1 Udelezenci

V raziskavi je sodelovalo 150 udelezencev, ki so bili
nakljuno razdeljeni v tri skupine: pozitivni, negativni in
nevtralni pogoj. V vsaki skupini je sodelovalo 50 udelezencev.
V negativnem pogoju je bilo 10 moskih in 40 Zzensk, v
nevtralnem pogoju 14 moskih in 36 Zensk, v pozitivnem pogoju
pa 22 moskih in 28 Zzensk. Povprecna starost udelezencev v
pozitivnem pogoju je znaSala 22,7 leta (SD = 10,5), v
negativnem pogoju 21,4 leta (SD = 8,6), v nevtralnem pogoju
pa 21,0 let (SD = 7,7). Skupna povpre¢na starost vsch
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udelezencev je znaSala 21,7 let (SD = 9,0). Udelezenci so v
raziskavi  sodelovali  prostovoljno in bili preizkuSani
individualno.

2.2 Materiali in pripomocki

Raziskavo smo izvedli s pomoc¢jo aplikacije Cognition.run,
preko katere so udelezenci reSevali nalogo prepoznavanja
obraznih Kot drazljaje smo wuporabili kratke
videoposnetke za vzbujanje pozitivnega, negativnega oziroma
nevtralnega Custvenega stanja (glej prilogo A) ter 14 ¢rno-belih
fotografij nevtralnih obraznih izrazov ljudi razli¢nih starosti, ki
so bile generirane s pomoc¢jo umetne inteligence na podlagi
enega vzorcnega obraza (glej prilogo B). Fotografije so bile
predhodno razporejene v nakljucno dolocen vrstni red in nato
vsem udelezencem prikazane v enakem zaporedju.

izrazov.

2.3 Postopek

Pred sodelovanjem v raziskavi so bili udelezenci seznanjeni z
namenom raziskave in obdelavo njihovih podatkov ter so podali
informirano soglasje za sodelovanje in uporabo podatkov v
raziskovalne namene. Udelezence smo nakljucno razdelili v tri
pogoje: pozitivni, negativni in nevtralni. Pred zacetkom glavne
naloge so si udelezenci ogledali kratek videoposnetek,
namenjen vzbujanju doloCenega Custvenega stanja. Udelezenci
v pozitivnem pogoju so si ogledali pozitiven videoposnetek o
Charlieju Chaplinu v dolzini 4 minut in 10 sekund, udelezenci v
negativnem pogoju negativen videoposnetek o otroku, ki mu je
umrl ofe v dolzini 2 minut in 52 sekund, udelezenci v
nevtralnem pogoju pa nevtralen dokumentarni videoposnetek o
Newtonu v dolzini 3 minut in 31 sekund. Po ogledu
videoposnetka so vsi udelezenci v aplikaciji Cognition.run
reSevali enako nalogo. Prikazane so jim bile fotografije
nevtralnih obrazov, pri ¢emer je bil vsak obraz prikazan 2
sekundi. Njihova naloga pa je bila oceniti, katero custvo
posamezen obraz izraza. Odgovori so bili podani na lestvici od
0 do 100, pri Cemer je 0 predstavljalo negativno interpretacijo,
100 pa pozitivno interpretacijo obraznega izraza. Na ta nacin
smo preverjali, ali stanje vpliva na
interpretacijo nevtralnih obraznih izrazov. Na koncu raziskave
so udelezenci odgovorili e na vprasanje o svojem pocutju. V
primeru morebitnega slabega pocutja so prejeli ustrezno
razbremenitev ter informacije o moznostih pomoc¢i in kontaktih,
na katere se lahko obrnejo.

trenutno Custveno
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V raziskavi je bila neodvisna spremenljivka vrsta Custvenega
pogoja oziroma eksperimentalno izzvano Custveno stanje, ki je
imelo tri ravni: pozitivni, negativni in nevtralni pogoj. Odvisna
spremenljivka je bila ocena interpretacije nevtralnih obraznih
izrazov na lestvici od 0 do 100, pri ¢emer so nizje vrednosti
pomenile bolj negativno, visje vrednosti pa bolj pozitivno
interpretacijo obraza.

Podatke smo analizirali v programu R s statisti¢nimi testi, ki so
bili izbrani glede na vrsto podatkov in eksperimentalni nacrt.
Pred izvedbo statisti¢nih analiz smo pregledali ustreznost
zbranih podatkov. Iz nadaljnje analize smo izlo€ili nepopolne
odgovore oziroma podatke udelezencev, ki vpraSalnika ali
naloge niso izpolnili do konca. Prav tako smo izlo€ili podatke
udelezencev z izrazito odstopajoim Casom reSevanja, torej

Statisti¢ne analize
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tistih, pri katerih je bil Cas reSevanja izrazito prekratek ali
predolg, saj bi to lahko kazalo na neustrezno izvedbo naloge
oziroma zmanj$ano zanesljivost odgovorov. V nadaljnjo analizo
so bili vklju€eni samo popolni in ustrezno izpolnjeni podatki.

Za preverjanje razlik v ocenah interpretacije obrazov med tremi
Custvenimi pogoji smo uporabili enosmerno analizo variance
(ANOVA), Tukeyjev post hoc preizkus pa smo uporabili za
preverjanje razlik med posameznimi pogoji. Za preverjanje
razlik glede na spol ter interakcije med Custvenim pogojem in

spolom smo uporabili dvofaktorsko analizo variance (ANOVA).

Razlike v ocenah med prvo in zadnjo polovico prikazanih slik
smo preverili s parnimi t-testi, spreminjanje ocen skozi celotno
zaporedje slik pa z linearno regresijsko analizo. Statisticno
znacilnost razlik smo presojali pri ravni tveganja p < 0,05.

3 Rezultati

Za preverjanje razlik v interpretaciji nevtralnih obrazov glede
na Custveni pogoj (video posnetek) in spol smo izvedli
dvofaktorsko analizo variance (ANOVA). Rezultati so pokazali
statisticno znacilen glavni u¢inek ¢ustvenega pogoja, F(2, 147)
= 8,45, p <0,001. Analiza post hoc s Tukeyjevim preizkusom je
pokazala, da se nevtralni pogoj statisticno znacilno razlikuje od
negativnega (p = 0,002) in pozitivnega pogoja (p = 0,001),
medtem ko med negativnim in pozitivnim pogojem ni bilo
statisti¢no znacilne razlike (p = 0,997).

Povpreéne ocene interpretacije obrazov so bile najnizje v
nevtralnem pogoju, medtem ko so bile v negativnem in
pozitivnem pogoju visje (slika 1).

II[

Povpreéna ocena (0-100)

nev
Pogoj

Slika 1: Povprecna ocena interpretacije nevtralnih obrazov
glede na Custveni pogoj

Ker rezultati niso bili povsem skladni s pri¢akovanji, smo
izvedle dodatne analize, s katerimi smo zelele preveriti
morebitne vzorce v odgovorih udeleZencev.

Rezultati so pokazali tudi statisticno znacilen glavni ucinek
spola, F(1, 144) = 6,29, p = 0,013. Udelezenke so v povprecju
podale visje ocene interpretacije obrazov kot udelezenci (slika
2).
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Moski Zenske

factor(spol_koda)

Slika 2: Povprec¢na ocena interpretacije obrazov glede na

spol

Interakcija med ¢ustvenim pogojem in spolom ni bila statisticno
znadilna, F(2, 144)=1,65, p=0,195.
Prav tako nas je zanimalo, ali se ocene razlikujejo med
zacetkom in koncem naloge, zato smo primerjali povprecne
ocene prve polovice prikazanih slik (slike B1-B7 v prilogi B) in
druge polovice prikazanih slik (slike B8-B14 v prilogi B).
Rezultati parnih t-testov niso pokazali statisticno znacilnih
razlik v nobenem pogoju: pri negativnem pogoju p = 0,134, pri
nevtralnem pogoju p = 0,449 in pri pozitivnem pogoju p =
0,617.
Poleg razlik med prvo in zadnjo polovico prikazanih slik nas je
zanimalo tudi, ali se ocene sistemati¢no spreminjajo skozi
celotno zaporedje slik. Zato smo za vsak Custveni pogoj posebej
izvedli linearno regresijsko analizo.
Linearni trend ni bil statisti¢no znacilen pri negativnem pogoju,

=-0,31, p = 0,397, pri pozitivnem pogoju, b = —0,24, p =
0,662, niti pri nevtralnem pogoju, b = 0,34, p = 0,558. Pri
nobenem pogoju tako ni bilo razvidnega jasnega linearnega
trenda nara$canja ali padanja ocen skozi zaporedje prikazanih
slik (slika 3).

Tip slike
Negalte
=+ Newiaine

Povpreéna ocena

Zaporedna $tevilka siike

Slika 3: Povprecne ocene pozitivnih, negativnih in
nevtralnih obrazov glede na zaporedno Stevilko slike.

4 Razprava

Glavni namen priCujoe empiricne raziskave je bil preuciti
vpliv  eksperimentalno izzvanega Custvenega stanja na
interpretacijo nevtralnih obraznih izrazov, saj so ti posebej
dovzetni za vpliv opazovalCevega notranjega afektivnega stanja
[6, 13]. Rezultati so pokazali statisticno znacilen vpliv
Custvenega pogoja na konéne ocene obrazov, vendar hipoteza ni
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bila potrjena v pri¢akovani smeri. To pomeni, da trenutno
Custveno stanje vpliva na interpretacijo nevtralnih obrazov,
vendar se ta vpliv ni pokazal v pricakovani smeri.

Kljuéna ugotovitev izhaja iz Tukeyjeve post-hoc analize, ki je
pokazala, da se nevtralni pogoj statisticno znacilno razlikuje
tako od negativnega kot od pozitivnega pogoja. Udelezenci v
nevtralnem pogoju so obraze ocenjevali najnizje (najbolj
negativno), medtem ko med pozitivnim in negativnim pogojem
ni bilo znadilnih razlik. Obe Ccustveni indukciji sta torej
premaknili ocene navzgor. Ob tem obstaja metodoloska
moznost, da je bil nevtralni videoposnetek predolg ali
dolgcasen. Dolgcas lahko deluje kot negativno afektivno stanje,
ki je pri kontrolni skupini zmanjSalo motivacijo in povzrocilo
strozje ocenjevanje.

Dobljeni rezultati nasprotujejo klasi¢ni afektivni kongruentnosti
[14], po kateri bi moralo slabo razpolozenje voditi do
negativnih ocen, dobro pa do pozitivnih. Podatki mocneje
podpirajo izsledke Manierka idr. [7], saj Custvena stanja pri
zdravih odraslih ne krepijo nujno prepoznavanja skladnih
Custev, temve¢ spremenijo kognitivno pristranskost (angl. bias).
To lahko interpretiramo preko Zillmannove teorije transferja
vzburjenja [18], umirjeni udeleZenci iz nevtralne skupine so
zaradi odsotnosti vzburjenja obraze ocenili realno negativno,
medtem ko je pri pozitivnem in negativnem pogoju prislo do
podzavestnega prenosa preostanka telesne energije na drazljaje,
kar je ocene premaknilo navzgor.

Ta prenos pojasnjuje tudi teorija socialnih u¢inkov Custev [16],
po Kkateri afektivna aktivacija poveca usmerjenost v socialno
okolje. V pozitivnem pogoju lahko vi§je ocene pripiSemo vecji
sugestibilnosti, saj veselje zmanjSuje analiticno globino
prepoznavanja [16]. Pri negativhem razpolozenju pa gre
verjetno za spontano regulacijo slabe volje ali ucinek
kognitivnega Suma [1], kjer preobremenitev z lastnim afektom
zamegli subtilne razlike, kar je ocene pomaknilo blizje sredini
lestvice. Neskladnost z avtorji, kot so Quarto idr. [9] ter P. C.
Schmid in M. Schmid Mast [12], jasno kaze, da je interpretacija
nevtralnih obrazov kvalitativno drugaéen proces kot preprosto
prepoznavanje eksplicitno izrazenih Custev, saj zahteva globljo
kognitivno projekcijo na dvoumne drazljaje.

Z analizo parnih t-testov smo preverili stabilnost u¢inka tekom
naloge v aplikaciji Cognition.run. Primerjava prve in zadnje
polovice slik ni pokazala znadilnih razlik v nobenem pogoju.
Odsotnost razlik potrjuje, da je bila indukcija razpoloZzenja z
videoposnetki dovolj mocna in stabilna skozi celoten
eksperiment [6] ter da pri udelezencih ni priSlo do utrujenosti
ali habituacije, zaradi Cesar so kognitivni procesi ostali
konstantni.

Ker med pozitivnim in negativhim pogojem nismo ugotovili
statisticno znacilnih razlik, smo v dodatnih analizah preverili
tudi morebitni vpliv spola na ocenjevanje nevtralnih obraznih
izrazov. Rezultati so pokazali statisticno znacilen vpliv spola,
saj so zenske nevtralne obraze v povprecju ocenjevale bolj
pozitivno kot moski. Podobne rezultate omenjajo tudi nekatere
pretekle raziskave, ki kazejo, da med spoloma obstajajo
dolocene razlike pri zaznavanju emocionalnih in socialnih
signalov. Hall idr. [3] ugotavljajo, da Zenske v povprecju
nekoliko uspesneje interpretirajo afektivne drazljaje kot moski,
pri ¢emer poudarjajo, da so te razlike sicer majhne, vendar
precej konsistentne skozi razli¢ne raziskave. Avtorji menijo, da
razlike niso nujno posledica splosno boljSe uspesnosti Zensk,
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ampak bolj vecje obcutljivosti za emocionalne in socialne
informacije.

Podobno tudi Rafiee in Schacht [10] ugotavljata, da zenske v
povpre¢ju uspesneje prepoznavajo obrazne izraze Custev kot
moski. Njuni rezultati kazejo, da se razlike med spoloma
pojavljajo pri razlicnih vrstah drazljajev, kar bi lahko bilo
povezano s $irSimi razlikami v socialnem zaznavanju in
procesiranju emocionalnih informacij.

Pri interpretaciji nasih rezultatov je pomembno upostevati, da
udelezenci niso ocenjevali izrazito emocionalnih obrazov,
ampak nevtralne oziroma dvoumne obrazne izraze. Ker so bili
obrazi nevtralni, jih je lahko vsak udelezenec interpretiral
nekoliko drugace. Hoffmann idr. [4] so ugotovili, da so zenske
uspesSnejSe pri prepoznavanju subtilnih obraznih izrazov,
medtem ko pri izrazito intenzivnih emocionalnih izrazih razlik
med spoloma skoraj ni bilo. To bi lahko delno pojasnilo tudi
rezultate nase raziskave, saj je mozno, da so Zenske v nevtralnih
obrazih zaznale ve¢ subtilnih socialnih ali emocionalnih
znacilnosti kot moski. Zaradi tega so njihove ocene pogosteje
odstopale proti bolj pozitivnemu delu lestvice.

Razlike med spoloma bi lahko bile povezane tudi z vecjo
pozornostjo zensk do obraznih in medosebnih signalov, kar
omenjajo nekatere raziskave socialnega zaznavanja. Hall idr. [3]
navajajo, da zenske v povpre¢ju kazejo vi§jo natancnost pri
dekodiranju afektivnih signalov, kar povezujejo z vecjo
obcutljivostjo za socialne informacije in medosebno
komunikacijo. Ker so nevtralni obrazi manj jasno doloceni kot
izrazito veseli ali zalostni obrazi, je njihova interpretacija bolj
odvisna od posameznika. Mozno je, da so zenske zaradi vecje
obCutljivosti za subtilne obrazne znalilnosti obraze
interpretirale manj negativno oziroma bolj prosocialno kot
moski.

Kljub temu je rezultate potrebno interpretirati previdno.
Pomembna omejitev raziskave je neuravnotezena spolna
struktura vzorca, saj je bilo v raziskavi ve¢ zensk kot moskih.
Poleg tega razporeditev spolov med posameznimi pogoji ni bila
popolnoma enakomerna, kar lahko vpliva na stabilnost ocen
ucinka spola. Zato rezultatov ne moremo brez omejitev
posplosevati na §irSo populacijo.

Razlog za podrobnejsi pregled rezultatov za vsako sliko posebej
je izhajal iz predpostavke, da bo vpliv predvajanega
videoposnetka najmocnejsi pri prvi sliki, nato pa bo s¢asoma
postopoma upadal, dokler na koncu ne bo ve¢ imel vpliva.
Vendar pa na$i rezultati niso potrdili teh pri¢akovanj. Ker
ucinek ni upadal skladno s casovnim potekom, smo zaceli
preverjati vsako sliko posebej in na podlagi tega prisli do
naslednjih zakljuc¢kov. Rezultati dodatne analize nakazujejo, da
so bile nekatere slike morda sugestibilne same po sebi. Pri
posameznih slikah so se namre¢ povprecne ocene udelezencev
sistemati¢no nagibale bodisi v bolj pozitivno bodisi v bolj
negativno smer. To pomeni, da interpretacija obrazov ni bila
nujno odvisna samo od eksperimentalno izzvanega Custvenega
stanja, temve¢ tudi od znadilnosti posamezne slike. Ceprav so
bile slike v raziskavi obravnavane kot nevtralni drazljaji, graf
kaze, da jih udeleZenci niso vedno zaznavali povsem nevtralno.
To je pomembno pri razlagi rezultatov, saj lahko sugestibilnost
posameznih slik delno pojasni odstopanja v povpreénih ocenah.
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Do Large Language Models Know When They Are Wrong? A
Case Study of Confidence and Abstention Under Linguistic
Corruption
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Abstract

Self-reported confidence is useful only if it changes when model
performance becomes unreliable. We study this as behavioral
metacognitive monitoring using 60 matched reasoning problems
presented in clean and severely corrupted form, derived from a
90-item stress-test benchmark. We compare GPT-5.6 Sol Medium
and o3 in separate ChatGPT sessions using identical answer-plus-
confidence prompts. Sol remained nearly invariant (100.00% clean
vs. 98.33% corrupted accuracy), and its only corrupted error still
received 98% confidence. 03 solved 95.00% of the clean problems
but only 1.67% of the corrupted versions, a 93.33-point decrease;
under corruption it produced 34 explicit “Unknown” responses
and omitted 25 items. Exact paired testing showed a significant
corruption-associated performance difference for 03 (p < 0.001)
but not for Sol. The results reveal a sharp contrast between con-
fidence saturation and abstention, and separate three aspects
of LLM metacognitive behavior: robustness to degraded input,
calibration of committed answers, and control over whether to
answer.

Keywords

large language models, metacognition, confidence calibration,
linguistic corruption, surface-form robustness, abstention, Brier
score

1 Introduction

Metacognition concerns the monitoring and regulation of one’s
own cognitive processes [1]. Classical accounts distinguish an
object level, where a task is performed, from a meta level that
monitors and can regulate object-level processing [2]. Confidence
judgments provide an observable form of such monitoring, but
confidence and objective performance need not coincide [3].

This distinction is increasingly important for large language
models (LLMs). A model may be highly accurate on average
yet remain almost certain on its rare failures. Conversely, a less
robust model may signal uncertainty or abstain when an input
exceeds its effective capabilities. Prior work shows that LLMs
can verbalize uncertainty [4], can exhibit useful self-evaluation
signals [5], and can support calibration and failure prediction
when confidence is explicitly elicited [6, 7]. However, confidence
is sensitive to elicitation and task design, and high-confidence
errors remain possible [8].
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A methodological problem is that many standard reasoning
items are now too easy for strong models, yielding too few failures
to examine confidence behavior. We therefore use composite
linguistic degradation as a controlled stressor. Each stressed item
has a matched clean reconstruction, so the same underlying
reasoning problem can be evaluated with and without corruption.

We address two research questions:

RQ1: How does linguistic corruption affect surface-form ro-
bustness when the underlying reasoning problems and answers
are held constant?

RQ2: How do self-reported confidence and response behavior
differ between successful answers, committed errors, explicit
abstentions, and omissions under linguistic corruption?

Our contribution is threefold: (i) a matched clean/corrupted
stress-test design that holds the underlying reasoning problems
constant, (ii) paired evidence of strongly different robustness
profiles across model configurations, and (iii) a coverage-aware
metacognitive analysis that separates committed errors from
abstention. Throughout the paper, verbal confidence is treated
as an observable behavioral metacognitive signal.

2 Related Work

Confidence elicitation is a common black-box approach to LLM
uncertainty. Lin et al. showed that models can learn to express un-
certainty in natural language [4]. Tian et al. found that verbalized
confidence can be meaningfully calibrated in instruction-tuned
models [6], while Xiong et al. distinguished aggregate calibration
from failure prediction—the ability of confidence to distinguish
likely correct from likely incorrect outputs [7]. These proper-
ties are not equivalent: mean confidence can be close to mean
accuracy even when confidence barely changes on individual
errors.

Robustness to noisy surface forms is a related but distinct
problem. Zhao et al. evaluate 18 open-source LLMs under mul-
tilingual typographical errors and find substantial model- and
task-dependent degradation [9]. Our manipulation extends be-
yond typos to deletion, token fusion, grammar removal, symbolic
compression, and distractors, while pairing each corrupted rea-
soning item with the same clean problem.

Prompting and reflection can alter calibration [8], but moni-
toring does not automatically imply effective control; intrinsic
self-correction can remain unreliable without external feedback
[10]. Recent work has used metacognitive signals as control vari-
ables for tool use [11]. A recent survey frames LLM metacognition
around monitoring and control [12], and related work examines
how self-monitoring can guide test-time reasoning [13]. Our
study focuses on response behavior under a matched linguistic
stress manipulation.
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Table 1: Example of the matched linguistic manipulation

(Q061).

Clean Arrange A-G in positions 1-7 once each. D is immediately after B; A is
immediately after D; F is before B; A < G < C < E; F is not adjacent to A;
G is not first. Find the unique order.
Corrupted 7obj A..G /p1-7 uniq. D=B+1p; A=D+1p; F«B; A<G<C<E; |pF-pA|!=1;
G!=p1. full seq?
3 Method

3.1 Benchmark and Matched Control

The full benchmark contains 90 independently scored items.
Q001-Q030 are clean baseline problems. Q031-Q060 combine
harder reasoning with irregular linguistic degradation, including
character deletion, token fusion and splitting, omitted grammati-
cal words, abbreviations, symbolic relations, and distractor frag-
ments. Q061-Q090 intensify the degradation and use multi-step
tasks such as constraint satisfaction, Bayesian inference, counter-
factual reasoning, temporal dependencies, dynamic state tracking,
graph reasoning, combinatorics, and symbolic transformations.

For every Q031-Q090 item, a separately maintained clean
natural-language reconstruction and predetermined answer were
created. The main experiment therefore contains 60 paired prob-
lems in two conditions: clean and corrupted. Logical content and
answer key are held constant while the surface representation
changes. Table 1 illustrates the manipulation.

3.2 Models and Procedure

Pilot testing showed contrasting response profiles under linguis-
tic corruption. We therefore compare GPT-5.6 Sol Medium, which
exhibited high robustness, with 03, which showed substantially
greater sensitivity to the corrupted items. This contrast enables
direct analysis of how confidence and abstention behave when
two capable reasoning models respond differently to the same
matched stressor. The label “Medium” denotes the reasoning-
effort setting displayed in ChatGPT at test time.

All reported runs were conducted in the ChatGPT interface on
26 August 2026; model labels are reported exactly as displayed at
test time. Clean and corrupted conditions were run in separate
sessions with the same minimal prompt requiring one answer
and an integer confidence score from 0-100 for every ID. Visible
explanations were suppressed to keep the output format identical
across models and make confidence scoring directly comparable.
Models were not told that the clean items reconstructed previ-
ously corrupted questions.

Scoring followed the predetermined answer key. Numerically
equivalent answers and reasonable rounding differences were
accepted. Extra continuation information was accepted when it
contained the requested answer. Explicit “Unknown” responses
and omissions were incorrect for required-answer accuracy, but
were tracked separately rather than treated as ordinary wrong
attempts.

3.3 Metrics

For item i, correctness is y; € {0, 1} and confidence is ¢; € [0, 1].
Accuracy is

N
1
Accuracy = N Z Yi. (1)
i=1
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Table 2: Matched Q031-Q090 results. Confidence is aver-
aged over returned rows; Brier score is calculated only on
concrete attempts.

Model  Cond. Acc. Out.  Commit Conf. BS (n)
Sol Clean 100.00 100.00 100.00 100.00 0.0000 (60)
Sol Corr. 98.33 100.00 100.00 98.50 0.0165 (60)
03 Clean 95.00 96.67 96.67 90.86 0.0218 (58)
03 Corr. 1.67 58.33 1.67 11.71 0.0900 (1)

Acc., Out., Commit, and Conf. are percentages. Out.=any returned row;
Commit=concrete-answer coverage. The corrupted o3 Brier estimate is based on
one concrete answer and is not stable. Wilson 95% Cls for accuracy are Sol clean

[94.0,100], Sol corr. [91.1,99.7], 03 clean [86.3,98.3], and 03 corr. [0.3,8.9].

T00.0

98.3

100 = Clean

mmm Corrupted

80

60 1

Accuracy (%)

40 -

201

1.7

GPT-5.6 Sol 03
Medium

Figure 1: Required-answer accuracy on the same 60 reason-
ing problems in clean and corrupted form.

For concrete answer attempts, we compute the Brier score
(14],

1 d )
BS = i ;(Ci -u)5 (2)

where lower is better. “Unknown” and omitted items are excluded
from the primary Brier score because they do not contain a con-
crete proposed solution. We additionally report output coverage,
concrete-answer coverage, and response type counts. Because
clean and corrupted conditions contain the same 60 items, we use
the exact McNemar test [15] for paired changes in correctness.

4 Results
4.1 Matched Clean vs. Corrupted Performance

Table 2 summarizes the matched-condition metrics. Figure 1
shows a strongly model-specific corruption effect. Sol solved
all 60 clean items and 59 of 60 corrupted items, a decrease of
only 1.67 percentage points. 03 solved 57 of 60 clean items but
only one of 60 corrupted items, a 93.33-point decrease. The same
underlying reasoning problems were therefore highly solvable
by 03 when written clearly, but not when their surface form was
heavily degraded.

The paired analysis supports the same conclusion. For Sol, only
one item changed from correct when clean to incorrect when
corrupted, with no changes in the opposite direction (exact McNe-
mar p = 1.0). For 03, 56 items changed from correct to incorrect
and none changed from incorrect to correct (p < 0.001). Thus the
matched data show a large corruption-associated performance
difference for 03 but not for Sol.



LLM Confidence and Abstention Under Corruption

mmm Correct
. Wrong attempted

= Unknown
mmm Omitted
100

80

60

40 A

Share of matched items (%)

20 A

Sol corr. o3 clean o3 corr.

Sol clean

Figure 2: Response outcomes on the matched clean and
corrupted conditions. Numbers inside large segments are
item counts.

Table 3: Confidence by response type. Values in parentheses
are item counts.

Model  Cond. Correct ~ Wrong attempt ~ Unknown
Sol Corr. 9851 (59) 98.00 (1) -
03 Clean  90.96 (57) 85.00 (1) -
03 Corr. 70.00 (1) - 10.00 (34)

4.2 Response Policy and Confidence

The two models also differed in how they failed. Sol continued to
provide concrete answers in both conditions. Its only corrupted
failure was an incomplete reconstruction of a personal name and
received 98% confidence. 03 produced 57 correct answers, one
concrete error, and two omissions in the clean condition. Under
corruption it produced one correct concrete answer, 34 explicit
“Unknown” responses, and 25 omissions (Fig. 2). Its concrete-
answer coverage therefore fell from 96.67% to 1.67%.

Sol’s aggregate calibration remained strong: its Brier score rose
from 0.0000 clean to 0.0165 corrupted. However, Table 3 shows
why aggregate calibration alone is insufficient for metacognitive
interpretation: its rare error received almost the same confidence
as its correct answers.

For 03, the dominant metacognitive signal under corruption
appears in response control: heavy corruption shifted the model
from answering to low-confidence abstention and omission. Its
only clean committed error received 85% confidence, while the
corrupted condition contained too few committed wrong an-
swers to characterize error-level discrimination. Mean confidence
across returned rows fell to 11.71%, reflecting the large number
of explicit “Unknown” responses and the accompanying drop in
answer coverage.

4.3 Illustrative Error Cases

The few committed errors help clarify what the aggregate met-
rics do and do not measure. Sol’s only corrupted error occurred
on Q046, a working-memory item in which the name Saniya
appeared in degraded form. Sol correctly tracked the relevant
person but returned the incomplete reconstruction “Sniya” with
98% confidence. The clean version of the same item was answered
as “Saniya” with 100% confidence. This is primarily a linguistic
reconstruction failure, not a failure of the ordering operation
itself.

03’s only concrete clean error occurred on Q082, a multi-step
symbolic string transformation. It returned “HNBWQU” rather
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than “HNWBQU” with 85% confidence. Under corruption, how-
ever, 03 did not produce a corresponding pool of confidently
wrong transformed answers: after Q031 it largely switched to
“Unknown” and later omissions. The comparison therefore sup-
ports a distinction between confidence on a committed solution
and willingness to commit.

5 Discussion

The matched control changes the scientific interpretation com-
pared with a simple difficulty-tier experiment. 03 can solve the
underlying Q031-Q090 problems at 95% accuracy when they are
clean, yet required-answer accuracy falls to 1.67% when the same
logical content is heavily corrupted. Sol is nearly invariant to
the manipulation. The composite linguistic corruption therefore
produces a large, model-specific robustness effect rather than a
uniform increase in reasoning difficulty.

The title question receives a differentiated answer. Sol com-
bines very high robustness with confidence saturation: its aggre-
gate Brier score is excellent, but its sole failure remains at 98%
confidence. 03 expresses uncertainty in a different way: under
corruption it shifts strongly from answering to explicit abstention
and omission. These contrasting profiles show that metacognitive
behavior can appear both in confidence assigned to a solution
and in control over whether to commit to one. They motivate
separating three properties: surface-form robustness, calibration
of committed answers, and abstention/coverage behavior.

This separation matters methodologically. Collapsing “Un-
known”, omission, and wrong attempts into one incorrect cat-
egory would make 03 appear to have excellent error-level con-
fidence sensitivity, because most failures carry 10% confidence.
That conclusion would be misleading: the low values accompany
abstentions, not a large sample of committed wrong solutions.
Conversely, a small mean confidence-accuracy gap for Sol could
hide a near-certain individual error. Confidence metrics should
therefore be interpreted jointly with response coverage and re-
sponse type.

The findings also show that benchmark difficulty is model-
dependent. The same linguistic stressor is nearly harmless to Sol
but produces a dramatic change in 03’s accuracy and response
policy. Matched clean/corrupted controls therefore provide a use-
ful way to distinguish the difficulty of the underlying reasoning
problem from sensitivity to its surface representation.

Beyond this benchmark, the result has a practical implication
for LLM evaluation: accuracy alone cannot distinguish a model
that confidently commits to an answer from one that recognizes
difficulty by withholding a response. Jointly reporting correct-
ness, confidence, and coverage provides a richer view of model
behavior under degraded inputs and makes qualitatively different
failure modes visible.

6 Limitations and Future Work

This focused study examines two contrasting model configura-
tions under a composite linguistic stressor. The paired within-
item design establishes the reported robustness contrast on this
benchmark; broader model families and repeated runs will test
how widely the pattern generalizes. Future work will also sep-
arate individual corruption types and add human readability
calibration. Because the experiments used ChatGPT, backend
decoding parameters were not directly observable. The matched
question pairs, prompt, answer key, and scoring protocol are
archived with the study to support reproduction and extension.
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7 Conclusion

On 60 matched reasoning problems, linguistic corruption had
almost no effect on GPT-5.6 Sol Medium but reduced 03 required-
answer accuracy by 93.33 percentage points despite 95% clean
accuracy on the same items. Sol remained highly robust and al-
most maximally confident, including on its rare failure, whereas
03 shifted primarily toward low-confidence abstention and omis-
sion. These contrasting profiles support a three-part view of
behavioral LLM metacognition: robustness to degraded input,
calibration of committed answers, and control over whether to
answer. Evaluating these dimensions jointly reveals behavior
that accuracy or mean confidence alone would miss.
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Abstract

In this paper, we first focus on how the rapid integration of Al
into scientific research processes is leading to an epistemic
transformation of established scientific categories and principles
that have been deeply rooted in our understanding of science
since the modern scientific revolution of the mid-seventeenth
century. In the second part, we address the implications of these
epistemic changes for scientists’ ability to explain and interpret
Al outputs (e.g., predictions and explanations). For the first time
in the history of human thought, the question of who counts as a
“knower” in science and what counts as a legitimate “epistemic
operation” has become open in ways previously unknown. With
a touch of irony, one might say that we are at a turning point in
human history at which scientists increasingly assume the role of
students, while machines take on the role of teachers. Indeed,
many solutions generated by machines contain new ideas and
strategies that humans must learn from Al

Keywords
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1 Introduction

Artificial intelligence (AI)1 is rapidly making its way into every
sphere and every level of scientific research. Al is not only
changing the speed at which research is conducted—something
that everyone working in science is already enthusiastic about—
but is also changing our very understanding of what constitutes
scientific knowledge, how such knowledge can be demonstrated
and explained, and how it can serve as a basis for scientific
predictions and explanations. Throughout the centuries, there
have been ongoing epistemological debates among theoreticians
of science concerning the questions of what scientific knowledge
is, how it is formed and justified, and under what conditions it
emerges. Of course, the importance attached to each of these
questions has varied depending on the historical context.
However, with the entry of Al into scientific research processes,
we find ourselves at an entirely new turning point. This turning
point invites us to rethink our position as scientists in processes
of knowledge production.

In this regard, we could say that if Nicolaus Copernicus

displaced human beings from the centre of the cosmos and
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! Although I use the term Al inclusively, in this discussion it refers particularly to
its most recent developments over the last few years, including analytical tools such
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Charles Darwin displaced them from their privileged place in
nature, Al now seems to be “dethroning” human beings from
their position as the only intelligent entities. Alan Turing’s
assumption from more than 70 years ago—namely, that human
beings might not embody the only possible form of intelligent
and rational agency—seems to have become increasingly
relevant in recent years. To be clear, contradictory views still
exist among experts as to whether such a situation will arise in
the near future or whether it has, to some extent, already arisen.
Nevertheless, after all these transformations, the role of scientists
as knowledge workers can no longer remain the same as it was
in the past.

In the first part of our discussion, we will focus on how the
rapid integration of Al into scientific research processes is
leading to an epistemic transformation of established scientific
categories and principles that have been deeply rooted in our
understanding of science since the modern scientific revolution
of the mid-seventeenth century. In the second part, we will
address the implications of these epistemic changes for scientists’
ability to explain and interpret Al outputs (e.g., predictions and
explanations). With a touch of irony, one might say that we are
at a turning point in human history at which scientists must learn
from machines. Many solutions generated by machines contain
new ideas and strategies that humans must learn from Al.

2 Some Points of Difference Between New Al-
Based and Traditional Epistemology of
Science

Very generally speaking, the epistemic structures underlying
contemporary scientific knowledge can still be traced back to the
well-known Kantian distinction between a priori and a posteriori
knowledge. The former type of knowledge has traditionally been
regarded as independent of experience (e.g., mathematical
truths), whereas the latter is regarded as knowledge that relies on
empirical evidence (e.g., human experience and observations
made using scientific instruments). This means that, after Kant,
the concept of the epistemic justification of scientific knowledge
evolved in the context of various epistemological theories, such
as rationalism,  positivism,  inductivism,
deductivism, falsifiability, hermeneutics, or combinations of
these approaches [1].

However, Al appears to disrupt these basic pillars of the
traditional epistemological view. Al models are transforming the
very architecture of modern scientific knowledge production [2]
[3] [4] [5]- Unlike traditional epistemology, which derives its
explanatory and predictive power from empirically or
theoretically grounded laws, Al-based epistemology relies
primarily on principles of probability. Before discussing this

empiricism,

as transformers, large language models (LLMs), and multimodal generative models
that rely on techniques such as gradient descent.
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radical transformation brought about by Al, we need to address
some of the reasons why it is occurring. Let us mention two
significant reasons.

First, the question of who counts as a “knower” in science and
what counts as a legitimate “epistemic operation” has suddenly
become open in ways previously unknown. With Al, the very
architecture of knowledge production is being transformed [6].
For example, large language models (LLMs) have begun to
(self-)learn from vast corpora of textual data, allowing them to
extract patterns and semantics directly from real-world human
language use. Second, generative Al has brought about an
extraordinary increase in the capacity to solve complex problems
across all domains of science. It has also demonstrated its
capacity in other spheres of human life to cope with complex,
nonlinear, sometimes unstable, and often self-organizing systems
in nature, technology, and society [7].

The claim that the complex nature of the phenomena under
investigation inherently calls for the assistance of AI can be
illustrated by numerous practical cases. For example, given the
impressive recent results achieved by Al models in solving
complex mathematical problems, it seems that machines are
encroaching on one of the last intellectual bastions of humankind.
About four years ago, the first versions of LLMs could not even
count properly. They subsequently began solving all kinds of
school-level mathematical problems, followed by problems in
university mathematics. They went on to solve all the problems
of the Mathematical Olympiad. In the last year, they have
succeeded in solving mathematical puzzles that had long
stumped even the world’s best researchers (e.g., the latest LLMs
by OpenAl disproved a conjecture formulated by the Hungarian
mathematician Paul Erdds in 1946 [8]. Jacob Tsimerman, who
has recently been awarded the Fields Medal, an honour
comparable to the Nobel Prize, has said in an interview with
Neue Ziircher Zeitung: “Mathematics can't go back to the pre-Al
era. For centuries, mathematics had been an economy of scarcity:
proofs of new theorems were rare and therefore represented the
ultimate goal for mathematicians. Now, an age of abundance is
beginning. Al systems are producing correct mathematical
proofs on an assembly line” [9].

3 Epistemic Transformation in AI-Driven
Science: Predictions Without a Theoretical
Foundation, Relying Solely on Big Data and
Algorithms

The radical epistemic shift in contemporary science resulting
from the emergence of Al can best be observed and evaluated
through the transformation of basic epistemological categories,
such as scientific prediction, scientific explanation, causality,
and probability. Let us consider the category of scientific
prediction. Theoreticians of science often state that the predictive
power of modern science is one of its defining features [10] [11].
Faith in the predictive power of science was initially based on the
expectation that scientific knowledge would eliminate chance
and thereby bring nature or society under full control. The most
rigorous version of this view was already advocated by classical
deterministic thinkers. For example, the French mathematician
Pierre-Simon Laplace argued that if we possessed complete
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knowledge of our world, we would be able to attain a
comprehensive understanding of both past and future events.

In modern theories of science, such strict determinism is no
longer heuristically productive. Modern scientific predictions are
not formulated in the spirit of Laplace’s omniscient demon;
rather, they are usually interpreted as inductively generalized
conclusions (in the spirit of Hume’s inductivism [12]) or as
deductive inferences aimed at falsifying or confirming
theoretical hypotheses (in the spirit of Popper’s critical
rationalism [13]).

Nevertheless, despite all these methodological variations, the
epistemic structure of modern science is grounded in one
common principle: the assumption that predictions are always
grounded in subject-specific knowledge and, in this sense, are
theory-based. As Jan C. Schmidt puts it: “Zwar mogen
Prognosen mitunter auf statistischen, nicht auf deterministischen
GesetzmaBigkeiten aufbauen und somit probabilistisch sein,
immer jedoch basieren sie auf einem Gegenstandswissen und
sind in diesem Sinne theoriebasiert” [14]. Predictions therefore
play an important role in processes of planning and decision-
making. Auguste Comte, a classical sociological theorist, already
expressed the following idea: to know in order to predict, to
predict in order to act.

With Al an epistemic transformation of prediction is taking
place. Predictions in the context of Al are probabilistic by design.
Although AI models remain strongly oriented towards
forecasting, they enable predictions without necessarily
providing a theoretical justification for their statements about the
future [15]. Even when the newest Al models produce extremely
reliable predictions within a particular scientific domain, this
does not necessarily mean that they understand the broader
underlying principles behind those predictions. Unlike the
epistemological assumptions of traditional science—which
derives its predictive power from established, empirically
validated, and theoretically grounded knowledge about the
phenomenon being predicted—the Al forecasting process relies
primarily on probability.

In the context of Al forecasting, probabilistic predictions are
based on big data and the use of correlations. These data-driven,
theory-free predictions show some similarities to inductive
reasoning. However, this does not amount to full-fledged
inductivism, which aims to infer all future observations from a
finite number of measurements and thereby derive general laws
[12]. They are therefore distinct from predictions derived from
classical deterministic or contemporary stochastic models, which
are assumed to be theoretically grounded and constructed on the
basis of an understanding of the underlying regularities
governing natural or social systems.

As many theoreticians of science have observed, Al models
provide algorithms that are primarily oriented towards
forecasting (and, on this basis, towards decision-making
processes), rather than towards extracting explanatory
information, whether causal or otherwise [16], [17], [18]. The
existence of causal relationships is, at best, merely assumed,
without such connections actually being identified or understood.
As Veda C. Storey notes, the probabilistic nature of Al models
means that their outputs will vary in ways that are not—and
perhaps never will be—fully explainable.

Several practical cases demonstrate that even when current Al
systems produce reliable predictions within a particular scientific
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domain, this does not necessarily mean that they understand the
broader underlying principles behind those predictions. For
example, a recent study showed that a generative Al model was
able to predict the motion of a planet orbiting a star, yet it was
unable to reconstruct the fundamental physical laws governing
the motion of these celestial bodies [19]. This situation contrasts
with cases from the beginnings of modern natural science.
Centuries ago, astronomers such as Johannes Kepler discovered
geometric regularities that enabled accurate predictions of the
future positions of planets. Isaac Newton later built upon these
discoveries to formulate fundamental physical laws that not only
allowed for the prediction of planetary motion but also explained
the physical principles governing the universe more broadly.

This means that, in the epistemology of classical natural
science, it was assumed to be possible to move from predicting
sequences to understanding the deeper mechanisms that generate
them. According to Kaiser and co-authors, the emergence of
accurate predictions that are not directly derived from highly
intelligible theories can also be illustrated by the case of
AlphaFold 2 [20]. AlphaFold 2 is an algorithm that uses deep
learning to predict protein folding with superhuman accuracy but
cannot directly produce theoretical contributions to the science
of protein folding. The list of such cases is long and extends
across different scientific fields, from physics and biotechnology
to oceanography and climate science.

The changing epistemic structure of Al-based science
remains a relatively unexplored theoretical topic and requires
much greater attention. Al models based on self-supervised
learning have great potential for solving various scientific
problems because they can leverage massive amounts of

unlabelled data and transfer their knowledge to low-data regimes.

However, these transfer-learning schemes can be ad hoc, lack
theoretical guidance, and remain vulnerable to shifts in
underlying distributions.

4 Al-Driven Science Reconfigures Both the Role
of Scientists in the Research Process and the
Epistemic Function of Machines

Even before the emergence of generative Al (GAI), various
applications of machine-learning models in science were already
raising questions about the relationship between humans and
machines. Even experts in the field did not have complete access
to all aspects of the functioning of machine-learning models.
They did not necessarily understand the pathways through which
these models proceeded from input to output. For example, Jenna
Burrell wrote that classifications in traditional Al models were
considered opaque in the sense that, if one was a recipient of an
algorithm’s output—that is, its classification decisions—one
rarely had any concrete sense of how or why a particular
classification had been derived from the inputs [21]. With regard
to the question of opacity deriving from the internal “logic” of
traditional machine learning, Jenna Burrell distinguished among
three forms of opacity: (1) opacity as intentional corporate or
state secrecy, (2) opacity as technical illiteracy, and (3) opacity

2 Daniel Giacobbe and coautors insist that, in order to fully understand the
challenges and opportunities associated with explainability, a distinction should be
made between interpretability and explainability [22]. A model is interpretable
when each step in the computations leading to the eventual prediction, as well as
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arising from the characteristics of machine-learning algorithms
and the scale required to apply them usefully.

Many solutions generated by traditional machine learning
contained strategies that humans had to learn from machines.
Nevertheless, the increased integration of GAI into scientific
practice over the past few years has led to a situation in which
the question of who counts as a “knower” in the research process
and what counts as a legitimate “epistemic operation” has
suddenly become open in ways not seen since the modern
scientific revolution. With a touch of irony, one might say that
we are at a turning point in human history at which scientists
increasingly assume the role of students, while machines take on
the role of teachers.

The new epistemic structure of Al-driven science has
significant implications for the question of how scientists can
achieve explainability of Al outputs. Scientists, like other users,
often find themselves in situations in which they rely on Al
strategies that they do not fully understand. They trust the
achieved goals and empirical payoffs, but not necessarily the
methodological derivations. In other words, they are impressed
by the operational efficiency of Al models but cannot fully
explain how the outputs have been generated or which inputs
have been critical in producing them. For scientists, Al models
therefore operate as “black boxes.”

In the expert literature, we encounter various suggestions for
how to address the problem of bringing transparency to the
existing Al “black box.” For example, Richard Heersmink and
co-authors differentiate among three notions of transparency
intended to facilitate explanations of the inner “logic” of Al:
reflective, phenomenological, and informational transparency
[5]. We will not engage in a more detailed discussion of this issue
here.

The lack of explainability and interpretability2 of the Al
“black box” can lead to numerous negative practical
consequences (e.g., a lack of trust among users), legal
consequences (e.g., difficulties for regulatory bodies in
determining whether a particular system processes data fairly and
securely), and, last but not least, negative epistemological and
methodological implications. With regard to the negative
epistemological and methodological implications, it is important
to highlight problems such as the inability to properly assess
biases, difficulties in correctly interpreting model results, and
limited applicability in areas where model outputs must be
understood prior to real-world implementation.

When it comes to real-world applications, the issue of Al
transparency becomes particularly significant. The degree of
transparency, for instance, directly affects the extent to which we
can place trust in Al systems deployed in high-stakes contexts,
such as autonomous driving and medical diagnosis. An
additional factor contributing to the lack of transparency is that
proprietary Al models, which are controlled by large Al
corporations, largely obscure their training data and design
choices. Their susceptibility to external scrutiny is therefore
limited. Open-source Al models are more transparent, but they
require significant computational resources, which are unevenly

the relative contribution of the different features, can be easily inferred from a
“white-box” model, whereas explainability refers to attempts to explain, as far as
possible, how a “black-box” model produces its output. In this sense,
interpretability can be understood as full explainability.
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distributed across countries and institutions. The lack of such
resources can create risks of misuse and misinterpretation.

In any case, the Al black box is not merely a technical issue.
It represents a major epistemic challenge for modern science.
Will scientists still be motivated to deepen their explanations of
the natural and human worlds once Al reaches the level of
general human intelligence? As stated by Hector Zenil and co-
authors, the integration of new information into the corpus of
existing scientific knowledge remains one of the most
intellectually demanding aspects of scientific discovery [23].
Here, we encounter not only the challenge of simply appending
new data to old knowledge but also the challenge of reconciling
and reinterpreting existing knowledge and even overturning
entire paradigms. In the context of Al-led discovery based on
algorithms and big data, such reconciliation and reinterpretation
cannot be taken for granted.

As we have already argued, we are reaching a point at which
GAlI-driven science is beginning to evolve according to a “logic”
that human scientists can exploit but no longer fully understand.
Scientists are currently faced with the dilemma of how much
control to relinquish in order to accelerate discovery while
keeping outputs relevant to humans. But what will happen in the
future if GAI models take over the entire process of scientific
research? Trends towards the development of GAI-driven
science in which models autonomously perform tasks across the
entire research pipeline—from reviewing the literature on a
given topic and formulating hypotheses to testing solutions,
writing scientific papers, and ultimately even carrying out peer-
review tasks—are becoming increasingly evident.

If and when we enter such a closed-loop Al science cycle,
even greater uncertainty will arise regarding the explainability of
Al-generated scientific outputs. Will scientists ultimately be
entirely excluded from the explainability and interpretability of
Al-generated scientific outcomes? It must be acknowledged that
“Al Scientist” models tested in the field of machine-learning
research have already demonstrated the ability to autonomously
perform tasks across such closed-loop cycles. For all the reasons
mentioned above, we need to prevent Al models from completely
replacing human scientists in processes of scientific discovery.
Instead, we need a form of development in which human
interpretative depth and ethical awareness, on the one hand, and
machine speed and memory, on the other, can coexist and co-
evolve.

5 Conclusion

In our discussion, we have sought to point out that the recent
development of Al-driven science is leading to significant
changes in the epistemic structures of modern science. To
understand these changes, it is necessary to examine the concrete
methodological tools used in science. We have directed our
attention to the changing role of scientific prediction.
Considering that, from antiquity onwards, people have sought to
foresee the future and predict forthcoming events, it is not
surprising that the strong functional relationship between
prediction and theoretical explanation is also highly relevant in
modern science. However, with the emergence of generative Al,
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an epistemic transformation of prediction is taking place. Al
predictions rely on statistical correlations without necessarily
being provided with a strong explanatory basis. In this paper, we
have sought to show how these changes are occurring and what
their current and potential future implications may be for
scientists’ ability to explain and interpret Al outputs.
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Povzetek

Sistemi strojnega ucenja so v druzbeno kriti¢nih domenah
pogosto obtoZeni pristranskosti, kar se navadno utemeljuje z
asimetrijo napacne pozitivne (FPR) in napa¢ne negativne mere
(FNR) med demografskimi skupinami. To je bil tudi glavni
argument o pristranskosti sistema COMPAS v znamenitem
¢lanku v ProPublici. Vendar v tem prispevku pokazemo, da so
razlike v omenjenih merah neizogibna matematicna posledica
razli¢nih osnovnih stopenj pojava in porazdelitve pomembnih
atributov v u¢nih podatkih. Z analizo realne podatkovne zbirke
ProPublica empiri¢éno kaZzemo, da lahko zgolj s spremembo
demografske strukture asimetrijo napak izni¢imo ali celo
popolnoma obrnemo. Z analizo vseh moznih uravnotezenih
porazdelitev dodatno kazemo, da kriterij izenacenih moznosti,
izrazen z merami FPR in FNR, pogosto verjetno ni realen za
prakti¢éno uporabo. Zaklju€ujemo, da sta meri nezadosten in
potencialno zavajajo¢ kazalnik, ¢e ju ne interpretiramo v
kontekstu osnovnih stopenj in porazdelitve podatkov.

Kljuéne besede

Strojno ucenje, COMPAS, pristranskost, napacna negativna
mera, napacna pozitivna mera

Abstract

Machine learning systems in socially critical domains are
frequently accused of bias, which is typically justified by the
asymmetry of the false positive (FPR) and false negative rate
(FNR) across demographic groups. This was also the main
argument against the COMPAS system in the famous paper in
ProPublica. Our paper shows that disparities in these measures
are an inevitable mathematical consequence of differing base
rates and the distribution of important attribute values within the
training data. Through the perturbation of the real ProPublica

dataset, we empirically demonstrate that altering the

*Article Title Footnote needs to be captured as Title Note
fAuthor Footnote to be captured as Author Note

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full
citation on the first page. Copyrights for third-party components of this work must
be honored. For all other uses, contact the owner/author(s).

Information Society 2026, 5-9 October 2026, Ljubljana, Slovenia

© 2025 Copyright held by the owner/author(s).
http://doi.org/10.70314/is.2026.cogni.137

50

Ivan Bratko
Univerza v Ljubljani, Fakulteta za ra¢unalnistvo in
informatiko
Ljubljana, Slovenija
ivan.bratko@fri.uni-lj.si

demographic structure alone can eliminate or completely reverse
the error asymmetry. Through the analysis of all possible
balanced distributions, we further show that the fairness criterion
expressed by the FPR and FNR measures is likely unrealistic for
practical use. We conclude that the two measures are an
insufficient and potentially misleading indicator if they are not
interpreted in the context of base rates and the distribution of data.

Keywords

Machine learning, COMPAS, machine bias, false negative rate,
false positive rate

1 Uvod

Ko sistemi strojnega ucenja vstopajo v druzbeno kritiéne domene,
kot je pravosodje, postaja pristranskost pogost raziskovalni
problem, ki ga zaznamujeta manjko univerzalne definicije [10]
in nasprotujoCi kriteriji pravic¢nosti [4][17]. V literaturi jasne
definicije pogosto ali niso podane ali pa so pomanjkljivo
opredeljene [14]. V splosnem lahko pristranskost razumemo kot
razliko v obravnavi posameznikov ali skupin glede na neko
lastnost, kot je spol ali rasa [20].

Prediktivno pravosodje (angl. predictive justice)
vklju€uje modele za napovedovanje in podporo sodnim
odlocitvam [21], med katerimi so klju¢ni instrumenti za oceno
tveganja povratniStva (angl. risk assessment instruments).
Njihova naloga je identifikacija posameznikov, ki bodo
najverjetneje ponovili kaznivo dejanje [15]. Pogosto temeljijo na
veliki koli¢ini podatkov in na podlagi vrednosti razli¢nih
atributov osumljenca izracunajo verjetnost oz. oceno tveganja
povratnistva. TakSne napovedi se nato uporabljajo pri razli¢nih
kazenskih postopkih, od odloc¢anja o vars¢ini do izreka kazni [2].

COMPAS  (Correctional  Offender Management
Profiling for Alternative Sanctions) je eden najbolj znanih
instrumentov za oceno tveganja. V S$tevilnih zveznih drzavah
ZDA, vkljutno z New Yorkom, Wisconsinom, Kalifornijo in
Florido, se od leta 2000 uporablja za ocenjevanje tveganja
povratnistva [8][9]. Deluje na podlagi algoritma, ki analizira 137
atributov in poda oceno od 1 do 10, pri Cemer vi§ja ocena pomeni
vedjo verjetnost, da bo posameznik v roku dveh let ponovil
kaznivo dejanje [5][18].
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Leta 2016 je odmeven c¢lanek v ProPublici [1] sprozil
razpravo o COMPAS-ovi rasni pristranskosti. Njihova analiza je
temeljila na dveh merah uspesnosti modela:

Napacna pozitivna mera (angl. False Positive Rate — FPR)
pomeni delez dejansko negativnih primerov, ki jim je model
napa¢no napovedal pozitiven razred. Pozitiven razred je
definiran kot povratnistvo. Izracuna se tako, da Stevilo napacnih
pozitivnih napovedi (angl. False Positives — FP) delimo s
Stevilom vseh resni¢no negativnih primerov, tj. vsoto FP in
pravilnih negativnih napovedi (angl. True Negatives — TN):

FpP

FPR= epvTn

Napacna negativha mera (angl. False Negative Rate —
FNR) pomeni delez dejansko pozitivnih primerov, ki jim je
model napacno napovedal negativni razred. Izracuna se tako, da
Stevilo napacnih negativnih napovedi (angl. False Negatives —
FN) delimo s $tevilom vseh resni¢no pozitivnih primerov, tj.
vsoto FN in pravilnih pozitivnih napovedi (angl. True Positives
-TP) [3]:

FN

FNR = N T7p

Angwin idr. [1] so ugotovili, da je FPR za temnopolte
posameznike skoraj dvakrat visji (44,9 %) kot za belce (23,5 %),
medtem ko je FNR bistveno vi§ji za belce (47,7 %) kot
temnopolte (28 %). Uporabili so kriterij izenacenih moznosti
(angl. equalized odds), ki zahteva, da imajo skupine enake
vrednosti mer FPR in FNR. Od tedaj se razli¢ni vrednosti FNR
in FPR med skupinama pogosto avtomatsko sprejme kot jasen
dokaz pristranskosti.

Javne razprave [13] in veliko Studij [6][8][9][16][19],
ki se ukvarjajo s pristranskostjo, podpirajo zaklju¢ek Angwin idr.
[1], da je COMPAS pristranski. Poleg tega mu upraviceno ocitajo
Se netransparentnost (t. i. problem ¢rne Skatle, na katerega
opozarja Rudin [22]) in slabo toénost, ki po ugotovitvah Dressela
in Farida [8] ni boljsa od ocen neekspertov.

Zanimivo je, da predhodne raziskave [4][7][8][12][17], ne
glede na njihov zakljuéek o COMPAS-ovi pristranskosti,
konsistentno reproducirajo zloglasno asimetrijo v vzorcu napak
med skupinama, pogosto pa manjka globlji razmislek o tem,
zakaj do asimetrije sploh pride. V nadaljevanju se posvetamo
mehanizmom, ki ta vzorec generirajo, in raziskujemo, ali sta
omenjeni meri primerna kazalnika pravi¢nosti modelov.

2 Sinteti¢ni scenarij

Pomemben del strojnega ucenja je iskanje vzorcev v uénih
podatkih in optimizacija to¢nosti. Zamislimo si ekstremno
preprost scenarij. Imamo mnozico primerov, izmed katerih je 60
% pozitivnih in 40 % negativnih, model pa nima na voljo
nobenih atributov. Model bo naredil edino smiselno potezo
(alternativa je nakljuc¢na klasifikacija) in vsem novim primerom
napovedal vecinski (pozitiven) razred. Neizogibna posledica bo
ogromno $tevilo napacno pozitivnih primerov (FPR). Po kriteriju
izenac¢enih moznosti je tak§en model pristranski, ¢eprav je jasno,
da gre v tem primeru zgolj za matematicno optimizacijo
napovedne to¢nosti.
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Da bi izolirali mehanizme, ki prispevajo k asimetriji v
merah FNR in FPR pri bolj kompleksnih modelih, smo ustvarili
sinteti¢en primer. Znano je, da Ze zgolj razlika v osnovni stopnji
pojava (npr. razli¢na stopnja kriminalitete) porusi simetrijo mer
FPR in FNR [4][7][17]. Vendar pa naslednji sinteti¢ni scenarij
razkriva Se en pomemben in pogosto premalo raziskan
mehanizem porazdelitve atributov.

Ustvarimo podatkovno zbirko (N = 2400), kjer imamo
dve enako veliki skupini (A: N = 1200 (rdeca barva) in B: N =
1200 (zelena barva)). Na voljo imamo dva atributa, ki se v pravni
literaturi kaZeta kot najbolj povedna za napovedovanje
povratnistva [22]. Gre za $tevilo predhodnih kaznivih dejanj in
starost. Stevilo predhodnih dejanj je tu obravnavano binarno:
najve¢ eno (0-1), dve ali ve¢ (2+). Starost obravnavamo kot
ternarni atribut: starostna kategorija (mlajsi, srednji, starejsi). Pri
tem sledimo pravilu, da imajo mlajSi posamezniki z vec
predhodnimi dejanji vecjo verjetnost za pozitivno napoved (+).
Skupini imata enako stopnjo povratnistva (600 povratnikov in
600 nepovratnikov; 50 %) in distribucijo predhodnih kaznivih
dejanj (300 posameznikov iz vsake skupine ima 0—1, 300 pa ve¢
kot 2 kaznivi dejanji). Skupini se razlikujeta zgolj po starostni
strukturi (skupina A je mlaj$a od skupine B in ima 200 primerov
ve¢ v mlajsi kategoriji). Model za vsako od Sestih kombinacij
atributov napove pozitiven (+) oziroma negativen (—) razred
(Tabela 1).

Ce za takien model izratunamo mere uspeSnosti,
opazimo asimetrijo v FPR in FNR merah (Tabela 1). Ker je
mladost pomemben dejavnik tveganja, model vsem primerom, ki
spadajo v mlajso starostno kategorijo, napove pozitiven razred.
Ker je osnovna stopnja dejanskih povratnikov enaka, vecje
Stevilo pozitivnih napovedi neizogibno privede do ve¢jega FPR
za skupino A. Na drugi strani model starejsi skupini B v
primerjavi s skupino A pogosteje napove nepovratnistvo, s ¢imer
pogosteje spregleda dejanske povratnike, kar pomeni visji FNR.

V $tudijah s podrocja pristranskosti se tak$na
neizogibna asimetrija pogosto interpretira kot pristranskost
modela, opisani sinteticni primer pa kaze, da je vzorec napak
neizogibna posledica porazdelitve u¢nih podatkov.

Tabela 1: Mere uspeSnosti, poro¢ane na splosno za vse
primere in posebej za obe skupini

splosno A B
tocnost [%] 62,5 63,3 61,7
FPR [%] 37,5 45 30
FNR [%] 37,5 28,3 46,7

3 Eksperimenti s podatkovno zbirko
ProPublica

Da bi ugotovitev preverili v praksi, smo na podatkovni zbirki
compas-scores-two-years, ki so jo v svoji izvorni Studiji
uporabili Angwin idr. [1], izvedli serijo eksperimentov.
Podatkovna zbirka vsebuje 7214 primerov iz okrozja Broward v
Floridi in 53 atributov. Ker se ukvarjamo s skupinama
temnopoltih in belcev, so iz analize izkljuceni pripadniki drugih



Tabela 2: Distribucija primerov (skupine A in B) glede na dva atributa (Stevilo predhodnih kaznivih dejanj in starostna
kategorija)

starostna skupina

mlajsi srednji starejsi )
sevio  |o1 [130+ 90+ 150+ 130+ - 20+ 80+ - 600
predhodnih | 70 - 10 - 150- 170 - 80-  120- 600
kaznivih 2+ 130+ 80+  + 170+ 150+ + 0+ 70 + - 600
dejany 70 - 20 - 130 - 150 - 100 - 130 - 600
) 400 200 600 600 200 400
etni¢nih skupin (ostane 5278 primerov). Za ucenje so bili Tabela 1: Mere uspesnosti za $tiri eksperimente
uporabljeni atributi age (starost v letih), age cat (kategori¢ni
atribut) in priors_count (Stevilo predhodnih kaznivih dejanj). Eksperiment 1
Ciljna spremenljivka je two_years recid (binarna: povratnistvo splosno [%] temnopolti [%] belci [%]
oziroma nepovratnistvo). tofnost 66,8 + 1,2 66,4+ 15 67,1 + 14
V teh podatkih so temnopolti obtozenci v povprecju FPR 328+18 46,5+2,1 247+ 1,6
mlajsi (32 let) od belcev (38 let) in imajo ve¢ predhodnih dejanj FNR 33,8417 219+15 458+22
(4,2 v primerjavi z 2,3). Zanimalo nas je, kako na FNR in FPR
vpliva spreminjanje te demografske strukture. Eksperiment 2
. . . splosno [%] temnopolti [%] belci [%]
Eksperimentalni postopek je zasnovan na metodologiji P— 6561 13 637116 675+ 13
preteklih raziskav [8][11], kjer so bili za napovedovanje FPR 3 4’2 N ]’9 43’ 44 é 23’2 N ]’5
povratni§tva uporabljeni enostavnej$i modeli (logisti¢na FNR 3 ; o 8 23’ 14 46’9; 2’3
regresija). Za filtriranje podatkov in uéenje smo uporabili o o T
odprtokodno OliOC.l_]e Orange . D.ata . Mining Eksperiment 3
(https://orangedatamining.com). Uporabljen je bil postopek ” - :
. . . 1. .. splosno [%] temnopolti [%] belci [%]
nakljuénega vzoréenja, kjer je bilo 80 % podatkov namenjenih —
. o S . . . . toCnost 61,8+14 59,1 +1,8 63,8+1,5
ucenju, 20 % pa testiranju. Skozi 100 ponovitev je bilo
o L . . FPR 41,7 +2 46,4 +22 38418
izracunano povprec¢je tocnosti, FNR in FPR za vse primere ter FNR 3027416 317417 334419
posebej za temnopolte in belce (Tabela 3). o o S
Eksperiment 1: Nakljuéno smo odstranili polovico — Eksperiment 4 — —
vseh temnopoltih posameznikov. Rezultati so ostali prakti¢no - splosno [%] temnopolti [%] belei [%]
enaki izvorni §tudiji ProPublice, kar kaze, da v tem primeru sama tocnost 64815 67,919 62,416
velikost skupine ni poglavitni vzrok za asimetrijo napak. FPR 285+16 14,9£12 41,6 £2.1
FNR 46 £2,2 73,8 £3,1 32,6 +1,8

Eksperiment 2: 1z podatkov smo naklju¢no odstranili
zgolj polovico temnopoltih povratnikov, s ¢imer smo umetno
znizali osnovno stopnjo povratni§tva temnopoltih. Kljub temu se
vzorec napak ni spremenil. Ceprav smo zmanjsali Stevilo
dejanskih povratnikov, so preostali temnopolti v vzorcu ohranili
tvegane atribute (nizja starost, ve¢ predhodnih kaznivih dejanj).
Ob manjsem Stevilu dejanskih povratnikov se je Stevilo napacno
pozitivnih primerov (FP) celo nekoliko povecalo.

Eksperiment 3: Obdrzali smo vse belce, pri
temnopoltih pa smo odstranili izrazito tvegane posameznike in

obdrzali starej$e od 20 let, ki imajo manj kot 3 predhodna dejanja.

S tem smo FNR med skupinama prakticno izenacili, razliko v
FPR pa drasti¢no zmanjsali.

Eksperiment 4: Demografsko sliko smo popolnoma
obrnili. Ustvarili smo situacijo, kjer belci predstavljajo skupino
z visokim tveganjem za povratnis$tvo (obdrzali smo samo mlajSe
od 40 let), temnopolti pa skupino z nizkim tveganjem (obdrzali
smo starejse od 25 let z manj kot 3 predhodnimi dejanji). Rezultat
je popoln obrat trenda, kjer se model glede na kriterij FPR in
FNR sedaj zdi pristranski do belcev.
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Eksperimenti kazejo, da je zloglasna asimetrija v napakah
zgolj refleksija asimetri¢ne strukture v izvornih podatkih.

4 Analiza primernosti kriterijev FPR in FNR

Ugotovitvi, da je asimetrija v merah FNR in FPR povezana s
porazdelitvijo podatkov, sledi vprasanje, ¢e je sploh realisti¢no
pricakovati, da bosta meri v praksi kdaj izenaCeni. To smo
raziskali z eksperimentom, pri katerem smo sistematicno
generirali vse primerne porazdelitve primerov za dve skupini.

Vse generirane porazdelitve so bile uravnotezene tako,
da je bilo v vsaki skupini enako Stevilo primerov in enako $tevilo
pozitivnih in negativnih izidov. Ustvarili smo domeno z enim
binarnim atributom (age z moznima vrednostima younger in
older), pri ¢emer je veljalo pravilo, da je, ¢e je oseba mlajsa,
napoved pozitvna. To ustreza obiCajnemu klasifikacijskemu
pravilu v domeni COMPAS-a.

Rezultati kazejo, da je idealna nepristranskost (kjer sta
FPR in FNR med skupinama povsem enaka) prakti¢no
neobstojeca. Tudi v primeru, ko smo kriterij pravi¢nosti zrahljali
in dolocili »dovolj nepristransko« porazdelitev (kjer vsota vseh
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napak v obeh skupinah ne preseze 20 %). Pri majhnem vzorcu
(N = 10 primerov, 5 v vsaki skupini) obstaja 76 moznih
uravnotezenih porazdelitev. Izmed njih so zrahljanemu pogoju
zadostne nepristranskosti ustrezale zgolj 4 porazdelitve (5,3 %).
Z vecanjem Stevila primerov ta delez hitro pada (Tabela 4).

V realnih podatkovnih zbirkah (kot je zbirka
ProPublice), kjer imamo opravka z na tisoe primeri, je
verjetnost, da bi naravna porazdelitev ustrezala kriterijem
izenaCenih mer, prakti¢no enaka ni¢. To nakazuje, da kriterij
pravicnosti, izrazen z merami FNR in FPR, verjetno ni realen za
prakti¢no uporabo.

Tabela 4: Prikaz Stevila vseh uravnoteZenih porazdelitev in
deleza »dovolj pravi¢nih« porazdelitev glede na skupno
Stevilo primerov (N)

Skupno st. St. vseh St. »dovolj praviénih«
primerov porazdelitev in odstotek od vseh

(N)

10 76 4(53 %)

20 1.479 29 (1,96 %)

30 8.604 78 (0,91 %)

40 32.777 169 (0,52 %)

50 91.888 338 (0,37 %)

60 219.200 611 (0,28 %)

5 Zakljucek

Pristranskost v strojnem ucenju ostaja mo¢no polemicna tema,
predvsem zaradi pomanjkanja univerzalnih definicij in uporabe
medsebojno nezdruzljivih kriterijev pravi¢nosti. Na§ prispevek
zdruzuje sintetiCne primere, empiri¢no spreminjanje realnih
podatkov ProPublice in matematicni argument, ki skupaj
nakazujejo, da asimetrija v merah FPR in FNR sama po sebi ni
zadosten indikator pristranskosti modelov strojnega ucenja, in da
jo je treba interpretirati v kontekstu osnovnih stopenj in
porazdelitve podatkov.

Razlike, ki so sprozile razpravo o COMPAS-u, so v
resnici neizogibna matemati¢na posledica razlicnih osnovnih
stopenj in asimetri¢ne porazdelitve pomembnih atributov (kot sta
starost in kriminalna preteklost) v izvorni populaciji. Nasi
rezultati nakazujejo, da je slepo zanasanje na kriterij izenacenih
moznosti za ocenjevanje pravi¢nosti modelov v praksi
nerealistiéno in potencialno zavajajoCe. Prihodnje Studije se
morajo zato odmakniti od naivnega iskanja izenacenosti teh
specifiénih mer ter se posvetiti transparentnosti uporabljenih
atributov in globljemu razumevanju mehanizmov strojnega
ucenja ob soocanju z realnimi, naravno neuravnotezenimi
podatki.
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Umetna inteligenca korenito posega v izobrazevanje in
znanost — kako naprej?
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Povzetek

V ¢lanku problematiziramo uporabo orodij generativne umetne
inteligence (Gen-UI) v akademskem okolju in opiSemo nekaj
vplivov uporabe Gen-UI na kognitivne procese. Izpostavimo
nekaj prednosti in nevarnosti uporabe Gen-UI pri akademskem
delu, ki ga v nadaljevanju razdelimo na pedagoski in raziskovalni
vidik. Ponudimo tudi nekaj konkretnih predlogov predajanja in
preverjanja znanja brez uporabe Gen-Ul in pozovemo
akademsko sfero k premisleku ciljev izobrazevanja, kot so
sposobnost izrazanja, kriticnega razmisljanja in raziskovanja. Pri
tem pa odpiramo vprasanje, ali je ustaljena praksa zakljucnih del
v dobi Gen-UI sploh $e verodostojen izkaz pridobljenega znanja?

Kljucne besede

Generativna umetna inteligenca, izobraZevanje, znanost, ucenje,
kognicija.

Abstract

In this paper we critically examine the use of generative artificial
intelligence (Gen-Al) in an academic setting and outline some of
the observed effects of Gen-Al usage on cognitive processes. We
showcase some of the benefits and some of the dangers of using
Gen-Al for academic work, which we later discuss from
pedagogical and research aspect. We offer some concrete
proposals for pedagogical work, such as transferring and testing
knowledge without the use of Gen-Al. We appeal to the
academic circles to reflect on the goals of education, such as the
capability to express oneself, to think critically and conduct
research. This invites us to reconsider whether final theses still
provide valid evidence of knowledge in the age of Gen-AlL
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1 Uvod

Pojav generativne umetne inteligence (Gen-UI) postavlja pod
vprasaj splosno uporabljene in ustaljene principe izobrazevanja
in znanstvenega dela. Zato morata izobrazevalna in znanstvena
sfera poiskati odgovore na vrsto zapletenih vprasanj, kot so
vprasanja o ciljih izobrazevanja, preverjanju znanja, kriterijih
strokovne usposobljenosti in avtorstvu raziskovalnih dognanj.
Nekateri odgovori so daljnosezne, strateSke narave, nekateri pa
zahtevajo zelo natancne in konkretne odlocitve, ki bodo
uveljavljene v novih pravilnikih in operativnih kriterijih za
vrednotenje znanja. V tem ¢lanku se sprasujemo, kako uporaba
orodij Gen-UI vpliva na naSo kognicijo, pedagoski proces in
raziskovalne prakse. V poskusu odgovora na podobna vprasanja
je Univerza v Ljubljani letos izdala monografijo Generativna
umetna inteligenca v izobrazevanju [1], v kateri se avtorji
ukvarjajo z razliénimi vidiki ucenja v digitalni dobi in poudarjajo,
da je ucinkovita raba Gen-Ul v izobrazevanju predvsem
pedagosko, in ne tehni¢no, vprasanje. Pri tem mora ucitelj ostati
osrednji nosilec uénega procesa, Gen-UI pa lahko deluje kot
podpora, ne kot nadomestilo.

Glavni cilj tega clanka je utemeljiti, zakaj se je nujno in
vredno sprasevati o uporabi Gen-UI v akademskem okolju.
Zelimo pokazati, da moramo za ohranjanje akademske in
znanstvene integritete ve¢ pozornosti nameniti raziskovanju
uporabe Gen-UI tudi v sodelovanju z mlaj$imi generacijami. Le
tako bomo lahko trajnostno in informirano prepletli ¢loveski
nacin uéenja z uporabo orodij umetne inteligence. Spoj digitalnih
orodij in izobraZevanja je brzkone neizogiben, pravzaprav ze
ziveC, ni pa Se splo$nega konsenza glede vplivov na ucenje in
druge kognitivne procese. Vsi, ki deluyjemo v okvirih
izobrazevalnih institucij, smo se dolzni sprasevati o tem, kaksno
znanje zelimo Studentom predati, kako bomo to storili in kako
bomo veljavno preverili, ali so Studenti za¢rtano znanje dejansko
prejeli in razvili sposobnost, da z njim reSujejo probleme tako
samostojno kot s pomoc¢jo Gen-UI. V ¢lanku spodbujamo k
snovanju pedagoskega procesa tudi brez uporabe Gen-UI. Zdi se
nam pomembno, da S$tudente urimo tako v samostojnem
izrazanju in reSevanju problemov, kot tudi v zastavljanju
kriti¢nih vprasanj, kar ne krepi le znanja posameznika, pa¢ pa
tudi ves¢ino uporabnika orodij Gen-UL



2 Vpliv uporabe Gen-UI na kognitivne procese

ChatGPT, eden najbolj razsirjenih modelov Gen-UI, je v splosno
uporabo priSel konec leta 2022, kar je sprozilo vrsto vpraSanj
tako v akademskih krogih kot med SirSo javnostjo, ki vse
pogosteje uporablja Gen-Ul v vsakdanjem zivljenju. Pri
mladostnikih je uporaba Se vecja. Anketa [2] opravljena na 495
francoskih udelezencih v starosti od 18 do 25 let pravi, da kar
42% vprasanih uporablja Gen-UI na dnevni bazi. Na univerzah
to zajema Studentsko populacijo diplomskih in magistrskih
Studijev, ki obenem predstavlja vecino celotne Studentske
populacije. Druge Studije ocenjujejo, da gen-UI uporablja med
40 in 80% mladih, odvisno od nacina uporabe in okolja. Zatorej
je raziskovanje vplivov uporabe Gen-UI na kognitivne procese
uporabnikov te starostne skupine pomembno tudi za prilagajanje
pedagoskega procesa v univerzitetnem okolju. Pri tem se je
dobro vprasati tudi, kaj izobrazevalnim institucijam pomeni
znanje, kako ga predati in kako ga preveriti. Najprej pa si na
kratko poglejmo, kaj zaenkrat kazejo raziskave o vplivu Gen-UI
na kognitivne procese, potrebne za pridobivanje in ohranjanje
znanja.

2.1 Ucenje in znanje

Ce je nas cilj hitreje prete¢i dologeno razdaljo, nam bo to uspelo
le, ¢e dejansko teCemo in treniramo na nacin, ki nam je v izziv in
ki od nas zahteva dovolj truda. Najve¢ bomo napredovali, ¢e bo
trud pri vrhnji meji nasih sposobnosti. Ce bomo venomer tekli
zgolj v coni udobja, te cone ne bomo kaj hitro zapustili. Podobno
velja tudi za uéenje: ¢e bodo naloge za nas lahke in brez izziva,
se iz opravljene naloge ne bomo kaj dosti nau¢ili. Se manj pa, ¢e
nam nalogo naredi nekdo drug, tudi e proces nadziramo. Zato je
naloge, katerih namen je pridobivanje znanja, smotrno nacrtovati
tako, da kljuéno delo opravi ucenec in ne Gen-UI.

Breic in Frljic [3] pravita, da se mora dandanes sleherni ucitelj
vprasati, kaj naj stori z Gen-UlI pri svojem predmetu. Pravita, da
pri tem vpraSanje ne sme biti Ali bomo Gen-UI dovolili?, pac pa
Kako bomo Gen-UI umestili v proces ucenja?. Kot kljucno
problematiko izpostavita, da Gen-UI odstrani, ali vsaj zmanjsa,
produktivni trud, ki pa je za trajno ucenje nujen. Uéenje ob mocni
podpori Gen-UI tako ustvari le iluzijo ucenja; izdelek je videti
bolje, a ker je naloga lazja, pri u¢encih globinskega razumevanja
ni, niti ni spretnosti reSevanja. Podobno kaze tudi raziskava Fan
idr. [4] s 117 $tudenti, v kateri so analizirali podatke o njihovem
nadinu uéenja, izkazanem znanju in notranji motivaciji. Studenti,
ki so pri pisanju esejev uporabili Chat-GPT, so za izdelek prejeli
vi§je ocene, vendar niso izkazali boljSega znanja od tistih, ki so
si pri pisanju esejev pomagali na druge nacine (posvet s
strokovnjakom, uporaba osnovnih pravopisnih orodij). Bistvenih
razlik v motivaciji med skupinami ni bilo. Tudi sicer ni
znanstvenega konsenza, ali uporaba Gen-UI vpliva na motivacijo
pozitivno ali negativno. Fan idr. [4] so sicer notranjo motivacijo
opredelili prek Stirih dimenzij: zanimanje/zabavanje, ocena
lastne sposobnosti, trud/pomembnost in pritisk/napetost. Ceprav
niso odkrili razlik v motivaciji, pa so opazili, da so Studenti v
Chat-GPT  skupini uporabljali drugacne nacine samo-
nadzorovanega ucenja (SNU). SNU so opredelili skladno z
Zimmermanovo [6] definicijo samo-nadzora, ki zajema tri
cikliéne faze: vnaprejsnji premislek (»forethought«) = izvedba
/ voljna kontrola - samo-refleksija. Chat-GPT skupina je
procese samo-nadzora pogosto prelagala na Chat-GPT, napram
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drugim skupinam pa je izkazala manj samo-nadzornih procesov
sploh (npr. manj samo-ocenjevanja in samo-usmerjanja). Samo-
nadzorni procesi so se torej v primeru uporabe Gen-UI
preusmerili od notranjega nadzora k zunanji regulaciji prek
orodja Gen-UlI, kar pa lahko vodi v kognitivno lenobo. Ve¢ o tem
v naslednjem poglavju.

Tudi raziskava Bastanija idr. [6] s skoraj tiso¢ turSkimi
gimnazijci tekom enega semestra pri predmetu matematike kaze,
da neomejen dostop do Gen-UI takoj$njo uspesnost pri reSevanju
nalog sicer izboljsa (+ 48%) napram kontrolni skupini, ki ni
uporabljala digitalnih tehnologij. Na dolgi rok in pri preverjanju
znanja, kjer Gen-UI ni dovoljena, pa je rezultat napram kontrolni
skupini pri¢akovano slabsi (-17%). Avtorji ponudijo razlago, da
neomejena in nekontrolirana uporaba Gen-UI sluZi kot potuha,
pri ¢emer ucenec nima potrebe, da bi delal na lastni spretnosti in
delo raje prelozi na Gen-UI. Ma in Zhong [7] pa v obsezni meta-
analizi prideta do nasprotnih zakljuckov, in sicer da so prav na
podro¢ju matematike najbolj opazni pozitivni vplivi uporabe
Gen-Ul, ki so sicer opazni tudi na drugih podro¢jih. Opozarjata
pa, da je za uspesno integracijo Gen-UI v pedagoski proces
klju¢no, da se uporablja podrocju prilagojeno Gen-Ul in da se ob
uporabi Ul posveca pozornost tudi klasiénim ucnim metodam
brez vsakrsne uporabe Gen-UI.

Pri vsem tem se odpira vprasanje merjenja znanja, zlasti e
uporaba Gen-UI orodij res prinasa bolje ocenjene pisne izdelke,
ki pa ne odsevajo znanja Studenta brez uporabe Gen-UI. Rudolf
idr. [8] se sprasujejo, ali razSirjena uporaba Gen-UI pomeni
konec uveljavljenega ocenjevanja v univerzitetnem okolju. Zlasti
jih zanima, ali pisni (elektronski) izdelki sploh Se odrazajo
dejansko znanje Studenta in pozivajo izobrazevalne institucije k
premisleku svojih ocenjevalnih praks. Tu velja izpostaviti, da so
zaradi razSirjene uporabe elektronskih naprav in posledi¢no
pisanja na nadin tipkanja mlajSe generacije vse manj vesce
pisanja z roko in pisalom [9], kar Studentom otezuje pisne izpite
in lahko vpliva na izkazano znanje.

2.2 Meta-kognicija in kriti¢cno razmisljanje

Komplement prej omenjenemu procesu samo-nadzora je meta-
kognicija. Termin je vpeljal John Flavell [10] in v splosnem
pomeni razmisljanje o razmisljanju ali kognicijo o kogniciji. V
kontekstu interakcije ¢lovek-UI opredeljujemo meta-kognitivno
lenobo kot uporabnikovo odvisnost od Ul-podpore, prelaganje
meta-kognitivnega dela in manj efektivno povezovanje nalogi
primernih meta-kognitivnih procesov (npr. presojanje o tem, ali
imamo potrebno znanje in kako ga pridobiti, e ga nimamo). Ze
prej smo opozorili na moznost kognitivne lenobe, s Cimer se
skladajo tudi ugotovitve raziskav Fernandes idr. [11]. Te kaZejo,
da so sodelujoci, ki so pri reSevanju logi¢nih problemov uporabili
Gen-UI, probleme sicer resili nekoliko bolje kot kontrolna
skupina, $e bolj izrazito pa so precenili svojo uspesnost reSevanja.
Visje kot so imeli tehni¢no znanje za uporabo Gen-UI, bolj so
samozavestno, vendar manj natan¢no, ocenili svoje rezultate (ki
so bili sicer produkt sodelovanja z Gen-UI). Li idr. [12] v
sistemati¢nem pregledu 67 §tudij na podrocju Studentske uporabe
Gen-Ul v univerzitetnem okolju ugotovijo, da nenadzirana
uporaba vodi v upad kriticnega in kreativnega razmisljanja,
pogosto v povezavi s kognitivnim prelaganjem (»cognitive
offloading«). Po drugi strani pa primeri, kjer je bila Gen-UI
nadzorovano in prilagojeno vklju¢ena v proces u¢enja, kazejo na
podporne in pozitivne ucinke. Na tej podlagi ponovno



poudarjamo potrebo po premisleku in prilagoditvi ucnega
procesa na nacin, ki vklju¢uje nadzirano rabo Gen-UI. Fan idr.
[4] so pokazali, da prelaganje kognitivnih procesov na Gen-UI
vodi v siromasnejSe izvajanje samo-nadzornih procesov,
rezultate [11] pa lahko interpretiramo, da bolj, ko smo ves¢i Gen-
Ul, bolj zaupamo njenim resitvam, vse manj pa se zanasamo na
naso lastno kriticno evalvacijo. Bolj, ko se za odlocanje in
presojanje naslanjamo na Gen-UI, manj krepimo lastno meta-
kognitivno zmoznost.

Shaw in Nave [13] celo pravita, da moramo zaceti razmisljati
o tri-sistemski teoriji kognicije: sistem 1 je hitri, intuitivni sistem,
sistem 2 je pocasnejSi, premiSljeni sistem, novi sistem 3 pa je
sistem umetne inteligence. Sistema 1 in 2 delujeta na osnovi
Cloveske (utelesene) kognicije, sistem 3 pa na osnovi Gen-UI, ki
lahko tako dopolnjuje kot nadomes¢a interne procese (sicer
pripisane kognitivnemu sistemu 2) kot je meta-kognicija.
Prepoznala sta, da udelezenci, ki redno uporabljajo Gen-UI,
kazejo znake kognitivne predaje (»cognitive surrender«). To
pomeni, da so prevzeli rezultate Gen-UI z minimalno presojo, pri
Cemer so zaobsli tako sistem 1 (intuicijo) kot sistem 2
(premislek). To je veljalo zlasti za manj motivirane udelezence,
ki so Gen-UI bolj zaupali. S tem je povezan tudi fenomen
kognitivnega prelaganja in posledi¢no kognitivnega dolga, ki
zajema prelaganje kognitivnih procesov na nekoga drugega, v
nasem primeru na Gen-Ul. Gerlich [14] opazi tovrstno povecano
kognitivno prelaganje zlasti pri mlajsih uporabnikih, ki
izkazujejo tudi nizje ravni kriticnega razmisljanja. Slednje
opredeli kot zmoznost analiziranja, vrednotenja in povezovanja
informacij v kontekstu sprejemanja (razumskih) odlocitev. Torej
nekaj, kar bi po Kahnemanu [15] upravljal sistem 2, sedaj vse
pogosteje prevzema sistem 3. Tu se poraja vprasanje, ali velja
novemu tretjemu sistemu navkljub Se vedno krepiti in negovati
sistema 1 in 2.

2.3

Sama uporaba Gen-Ul Se ne zmanjSa kreativnosti in
inovativnosti avtorja, ¢e ta Gen-UI uporabi kriti¢no in selektivno.
To stalis¢e zagovarjajo tudi Nakazawa idr. [16] v primerih, ko
Gen-Ul ostaja v vlogi orodja ali pomo¢nika, ne glavnega avtorja.
Kot orodje lahko avtorju celo bistveno pripomore pri
elokventnem in efektivnem izrazanju avtorskih idej. Anderson
idr. [17] so opazili, da uporaba orodja ChatGPT sicer poveca
koli¢ino podrobno opredeljenih idej, vendar so se uporabniki za
te ideje pocutili manj odgovorni. Ideje razliénih uporabnikov so
bile tudi bolj semanti¢no podobne v primerih, ko so uporabili
Gen-Ul napram primerom, ko so kreativne naloge reSevali
samostojno. To pomeni, da so si bile ideje udelezencev, ki so
uporabljali enako orodje, po vsebini in na¢inu reSevanja blizu.
To poimenujejo efekt homogenizacije. Homogenizacijo
prepoznajo tudi Zhou idr. [18], ki so v svoji Studiji zabelezili
kratkoro¢no porast v kreativnosti ob delu z orodji Gen-UI. Ko pa
so udelezencem orodja odvzeli, je kreativnost upadla,
homogenizacija pa je ostala. To odpira vpraSanje integralnega
dela reSevanja problemov: inovativnosti in ustvarjalnosti.

Z ustvarjanjem je povezan tudi obcutek avtorstva. Ta se
navezuje na raziskovalno integriteto (da smo pripravljeni svoje
ime zastaviti za vsebino, ki jo sporo¢amo) in izjavljeno avtorstvo
(koga smo navedli kot avtorja). Zajema pa tudi ob&utek lastniStva
[19], ko nek objekt dojemamo kot nam lasten (pri ¢emer ni
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relevantno, ali nam ta objekt pravno pripada). V razmerju med
uporabnikom in Gen-UI je sicer obcutek avtorstva uporabnika
odvisen od uporabnikovega (obcutka) doprinosa. Vec kot so
uporabniki prispevali h konénemu izdelku, mocnejsi je obcutek
avtorstva (kar brzkone velja za vsako skupinsko delo).

Na kratko omenjamo tudi medijsko odmevno raziskavo z
Univerze MIT [20], ki je sicer Se v postopku recenzije. V
raziskavi so udelezZenci v treh sejah pisali eseje v treh skupinah:
z uporabo Gen-UlI, z uporabo spletnih iskalnikov in brez orodij.
Na Cetrti seji so pri prvi in tretji skupini zamenjali pogoj orodja.
Pri tistih, ki so prve tri seje uporabljali Gen-UI za pisanje esejev,
so si bili eseji tudi po Cetrti seji, ko niso uporabljali nobenega
orodja, med seboj bolj podobni kot pri tistih, ki orodij vec¢inoma
(razen na Cetrti seji) niso uporabljali. Avtorji esejev, napisanih s
avtorstva, avtorji esejev, ki niso uporabljali nobenih orodij, pa
najvisjo. Udelezenci, ki so tri seje pisali brez orodij, v Cetrti seji
pa z Gen-Ul, so znali jezikovnim modelom zastavljati
premisljena vprasanja, povezljivost mozganskih regij (merjena z
elektroencefalografom, EEG) pa je celo narasla. To nakazuje, da
je nacin, namen in vrstni red uporabe Gen-UI kljucen tako za
kvaliteto konc¢nega izdelka kot ves¢ino in koncen doprinos
¢loveskega avtorja.

3 Kako naprej?
3.1 Pedagoski vidik

Zaenkrat v javnosti velja strinjanje, da Gen-UI sicer prinasa
velike spremembe, marsikatere pozitivne, vendar da moramo biti
pozorni, da ne spodnese temeljnega namena izobrazevanja:
ucence nauciti razmisljati in povezovati ter jim predati dovolj
znanja, da lahko oboje po¢nejo dobro [21]. Tudi ¢e verjamemo
(ali pa morda prav zato, ker verjamemo), da Gen-UI prinasa
napredek in nadgradnjo Elovekovih zmoznosti spoznanja in
ustvarjanja, moramo uéence uciti razmisleka in izrazanja znanja
tudi brez opore na Gen-UL Ce Zelimo preveriti, kakino je
njihovo znanje brez uporabe Gen-U], je smiselno, da nacrtujemo
preverjanja znanja brez digitalnih vmesnikov. To zajema pisanje
z roko na papir in ustni zagovor, k ¢emur se vraca vse vec
uciteljev [22]. Vendar tak$no preverjanje znanja nima pravega
smisla, ¢e uéencev ne urimo v analogni eksplikaciji naucenega.
Ce $tudenti vegino zapiskov natipkajo na radunalnik, podatki pa
kazejo [9], da tudi zasebno vse manj vadijo svoj rokopis, bodo
pisni izpiti ze samo zaradi nacina izrazanja znanja za Studenta
tezji in bolj stresni — kar lahko vpliva na kvaliteto izkazanega
znanja. Kot je nakazala Hartmann [22], so lahko ustni zagovori
uspeSen nadin preverjanja znanja v dobi Gen-UL, zlasti, ¢e
Studente predhodno ustrezno opremimo za tovrstno izrazanje
znanja. To ima lahko pozitivne posledice tudi za splosno ves¢ino
sporazumevanja, ki v dobi socialnih omrezij pocasi hlapi, pa
vendar ostaja klju¢no druzbeno lepilo. V kontekstu uporabe Gen-
UI je prav tako smiselno, ¢e znajo njeni uporabniki samostojno
ubesediti probleme, s katerimi se soo€ajo in zastaviti problemom
ustrezna vprasanja. Oboje prispeva k bolj§im odgovorom Gen-
Ul, vendar da to lahko presodimo, ne smemo biti meta-
kognitivno leni, pa¢ pa aktivni in samostojni razmisljevalci. Ali
bodo mladi uporabljali Gen-UI ali ne, ni ve¢ smiselno debatirati.
Pac pa je treba razpravljati o tem, kako bomo zagotovili, da nasi



Studenti uporabljajo Gen-UI na konstruktiven nacin. Pri tem je
nasa dolznost, da jih usmerjamo in po potrebi tudi omejimo
uporabo Gen-UI, v kolikor presodimo, da uporaba Gen-UI za
reSevanje ni ne potrebna ne zazelena.

Ne pozivamo pa le k splosnem razmisleku, temve¢ odpiramo
tudi nekaj konkretnih vprasanj. Kaj so cilji izobrazevanja, ali so
se ti spremenili pod vplivom GenUI? In ali so med njimi Se
vedno: sposobnost izrazanja in pisanja, sposobnost
predstavljanja (npr. svojega dela), sposobnost samostojnega
(kreativnega,  kritinega) razmiSljanja in  sposobnost
raziskovanja? Kako naj v bodoce poteka preverjanje znanja, ce
vemo, da lahko pisne izdelke v digitalni obliki zlahka ustvari
Gen-UI? »Digitalni« izpiti najbrz niso ve¢ smiselni, ali to
pomeni, da bodo pisni izpiti izvedeni striktno brez uporabe
digitalnih naprav? Kako je z ustnimi izpiti, ki pa zahtevajo
mnogo ve¢ Casa na strani uciteljev? Ali je avtomatsko
ocenjevanje Studentovih izdelkov z orodji Gen-UI sprejemljivo?
In nenazadnje, ali je Se smotrno izdelovati eseje, seminarske,
diplomske, magistrske in doktorske naloge? Taks$ni projekti,
namre¢ ne dokazujejo ve¢ Studentove usposobljenosti.

3.2 Raziskovalni vidik

Za oris vpliva Gen-UI na raziskovanje bomo nastavili kratek
miselni eksperiment, tekom katerega je potrebno opraviti
kompleksno kvalitativno analizo velike koliine besedilnih
podatkov. Te analize se bomo lotili z dvema ekipama. Prva ekipa
zajema kvalitativne znanstvenike, ki bodo Gen-UI sicer
uporabljali, a v minimalnem obsegu. Druga ekipa zajema
predvsem agente Gen-Ul, ki pa jih upravlja in usmerja
znanstvenik. Vsaka ekipa ima svoje prednosti in omejitve. Pri
obsezni koli¢ini podatkov, ima Gen-UI prednost, saj lahko hitreje
in natancneje pregleda celoto besedila. Pri dolocanju tega, kaj je
za raziskavo bistveno, kakSna je usmeritev raziskovanja in
presojo predlaganih kategorij, pa je kljuen in odgovoren
znanstvenik sam, ki bo ob predstavitvi rezultatov tudi zastavil
svoje ime in raziskovalno integriteto. Ce ekipi med seboj
sodelujeta in se preverjata, si lahko zamislimo, da bomo prisli do
kvalitetnih rezultatov.

Da pa lahko o ¢em takem postavljamo znanstvene trditve,
moramo primerjati rezultate dejanskih raziskovalnih skupin: tako
z Gen-UI kot brez. Potrebujemo kvalitetno empiri¢no gradivo, da
lahko informirano presojamo o tem, kdaj je uporaba Gen-UI
priporocljiva, kdaj odveéna in kak$no vlogo naj v razmerju z
raziskovalci zavzame. Potrebujemo tudi podatke tako o kvantiteti
kot kvaliteti ¢lankov, objavljenih po letu 2022, da lahko za¢nemo
soditi o tem, kam in na kakSen nacin Gen-UI pelje znanstveno
dejavnost. Le na ta nacin lahko oblikujemo raziskovalne
smernice, ki informirano stopajo v korak s ¢asom.

4 Poziv k premisleku in zakljucek

Vsakodnevno poslusamo ugotovitve kot so: »Ul nam pomaga, da
smo povsod bolj uéinkoviti, v zdravstvu, Solstvu, znanosti,
sodstvu« in »toda UI je le orodje, ki ne more nadomestiti
zdravnika, ucitelja, sodnika.« Vendar primeri iz prakse
nakazujejo na drugacen zakljucek [23]: da Ul de facto prevzema
vodilno vlogo, vloga ¢Eloveka pa je zreducirana na formalno
potrjevanje odlocitev UL Pri tem je tipicno ¢lovek-potrjevalec
preobremenjen, stalno mu primanjkuje Casa, znanja in
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informacij, zato se zlahka sprijazni s tem, da »UI tako ali tako
sama vse opravi boljse«.

Gen-UlI nikakor ni prva tehnologija, ki je pripeljala do zagate,
kako novo orodje zdruziti z Ze obstojeCim naborom tehnologij.
Navsezadnje se je Ze Sokrat [24] spraseval o posledicah, ki jih bo
SirSa uporaba pisave prinesla v svet. Sam je zagovarjal stalisce,
da bomo zaradi pisave imeli slabsi spomin, saj se bomo nanj
manj zanasali. Tudi kalkulatorji in navigacijski pripomocki so
nekatere naloge prej omenjenega »sistema 2« prenesli na
pomozno orodje, ki je preslo v splosno rabo — pa vendar se v
Solah Se vedno uc¢imo resevanja osnovnih ra¢unskih operacij »le
z glavo in papirjem, kot tudi tega, kako brez kompasa najti sever
v naravi. Ko govorimo o orodjih umetne inteligence, pa je
situacija bistveno drugacna. V prejsnjih primerih je imel ¢lovek
Se vedno veliko problemskega prostora iznad dometa nove
tehnologije, v primeru Gen-UI pa se je ta prostor mocno skr¢il.
Morda celo do te mere, da se je bolj primerno vprasati, kakSen
prostor nam sploh Se ostaja in ne koliko prostora je Gen-UI
prevzela.

Ce res zmanjkuje problemskega prostora, ki bi nujno zahteval
¢lovesko kreativnost, bi lahko izgledalo racionalno, da ¢lovek v
celoti prepusti reSevanje problemov Gen-UI, obdrzi pa le bolj ali
manj formalno vlogo dokon¢nega potrjevalca generiranih
odlocitev; tudi pri daljnoseznih odlocitvah, kot sta npr. pisanje
zakonov in odloCanje v pravosodju. Morda bi na ta nacin res
prihajalo do manj napak kot pri tradicionalnem cloveskem
odlocanju. Vseeno pa ta pot ni videti posebno privlacna, saj bi na
ta nac¢in Gen-UI lahko postopno vplivala in preoblikovala tudi
osnovne ¢loveske vrednote in tako prestopila »rdeco ¢rto«, mejo
sprejemljivega. Preoblikoval pa bi se tudi nacin Cloveskega
razmisljanja, presojanja, ucenja in znanja. Zmoznost kriticnega
razmisleka je navsezadnje klju¢na tudi za obstoj demokracije.

Zato pozivamo izobraZzevalne inStitucije, da premislijo o
svojem nacinu poucevanja in merjenja znanja, ter svoje ucitelje
poucujejo o delovanju in dometu Gen-UI, ob tem pa jim ponudijo
oprijemljive smernice za nacértovanje pedagoskega procesa.
Predlagamo, da se doloceno pozornost namenja tudi ohranjanju
starejSih tehnologij, kot sta branje daljsih tekstov (knjig) in
samostojno pisanje povezanih besedil, pri slednjem pa tako z
uporabo Gen-UI kot brez. Izvajalce pedagoskega procesa
spodbujamo, da svoje ure (Se naprej) izvajajo na nacin, ki podpira
Studentova kognitivna »sistema 1 in 2«, in ki krepi tako
Studentovo  kriticno sposobnost kot ves€ino izraZzanja.
Predlagamo tudi, da se v predavalnicah ob&asno spodbuja prostor
brez tipkovnic, s tem pa goji ves€ino aktivnega poslusanja in
rokopisa. Uéne ustanove morajo tehtno premisliti, kak$ni bodo v
bodode kriteriji za dokazovanje strokovne usposobljenosti.
Doslej so dokazila o kon¢anem Studiju na ugledni univerzi
veljala kot verodostojno potrdilo strokovnosti, kot tudi objave v
priznanih revijah, odmevnost raziskovalnega dela pa je kazalo
Stevilo citatov. Glede na to, da je mogoce vse nasteto doseci z
uporabo orodij Gen-UI, pa so ta merila zdaj vprasljiva. To maje
stoletja dolgo tradicijo izobrazevanja, kar gotovo pomeni, da
lahke resitve ni. Zato pa je Se toliko bolj potrebno, da si drznemo
soociti se s tovrstnimi problemi.
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Abstract

This paper examines the interdisciplinary issue of the role of
various forms of literacy in the development of critical thinking
in contemporary primary education. Drawing on findings from
cognitive psychology and the didactic sciences, we put forward
the thesis that reading, technological and engineering literacy are
not merely independent competences, but that their didactic
integration can make a significant contribution to fostering
critical thinking. Using a narrative literature review across three
mutually complementary fields — the didactics of technology,
reading literacy and critical thinking — we identify theoretical
intersections and conclude that the current didactic separation of
these two forms of literacy in school practice diminishes the
quality of higher-order cognitive processes in pupils.
Technological and engineering literacy provide a contextual
framework and a substantive basis for understanding the
contemporary technology-mediated world, whilst reading
literacy constitutes the fundamental ability to interpret, evaluate
and critically reflect upon texts, data and information. We
conceptualise critical thinking as a cognitive competence that can
be fostered and developed through coherent and high-quality
didactic integration of both forms of literacy.

Keywords

reading literacy, technological and engineering literacy, critical
thinking, higher-order skills

1 Introduction

1.1 Reading literacy and the development of
critical thinking

In the specialist literature, reading literacy is defined as the

ability to understand, use, evaluate and reflect on texts, with a

view to achieving one’s own goals, developing knowledge and
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participating in society [25]. Literacy, understood in this way,
goes beyond the mere decoding of graphic symbols and
encompasses interpretation, evaluation and reflection —
processes that are linked to certain important dimensions of
critical thinking. The relevance of this conceptualisation is also
confirmed by the results of the PISA 2022 survey, which indicate
a marked decline in reading achievement Error! Reference
source not found., thereby highlighting the need for the
systematic development of reading literacy within the school
system.

From a cognitive-psychological  perspective, reading
comprehension is not a linear process of decoding, but rather a
constructive activity in which the reader forms a mental
representation of the text at multiple levels, ranging from the
surface code to the situational model [14]. At the level of the
situational model, the reader integrates textual information with
prior knowledge and assesses its coherence and reliability, with
some processes of reading comprehension being linked to critical
thinking. This ability to link textual information with prior
knowledge can make the transition from mere reproduction of
information to reasoned judgement more difficult [21]. [16]
discusses related processes from a text-linguistic perspective
within the framework of the seventh component of reading
literacy, which defines text comprehension as the recognition of
linguistic and non-linguistic elements of context, on the basis of
which the reader distinguishes the essential from the non-
essential.

Recent empirical studies also suggest a link between reading
comprehension and specific aspects of critical thinking, although
these were conducted on older populations. Among secondary
school pupils, a link was found between deeper reading
comprehension and a greater ability to critically evaluate texts
[23], whilst among university students, it was found that reading
with the aim of critical evaluation is associated with a greater
ability to detect inconsistencies [20]. As both studies examine a
population older than the target group of this paper, we use their
findings as indirect empirical support, rather than as evidence of
the relationship among pupils in the second and third three-year
cycles of primary school.

In Slovenia, critical reading is classified as one of the nine
components of reading literacy [10], specifically the ninth
component — critical reading — which [18] define as the ability to
assess and evaluate the message, facts and viewpoints in a text,
and to form a well-reasoned opinion. In this model, critical
reading is treated as an integral part of reading literacy.
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There is a conceptual and functional link between reading
literacy and critical thinking, as reading literacy involves the
ability to understand, evaluate and reflect on information. [9]
defines critical thinking as the purposeful use of cognitive skills
in problem-solving and decision-making, whereby the quality of
one’s understanding of the available information can
significantly influence judgement. A superficial understanding
of a text can make it difficult for a learner to construct arguments
and identify logical inconsistencies, thereby reducing the quality
of their reasoned judgement. Reading literacy can therefore
significantly support the understanding of problem situations
presented in text form, as well as the analysis and evaluation of
information, including in the fields of technology and
engineering.

1.2 Technological and engineering literacy and
the development of critical thinking

Technological and engineering literacy is one of the
fundamental, yet conceptually more challenging, concepts in
modern technical education. Its complexity stems from the fact
that it encompasses a broad and constantly evolving field of
human activity, which is closely intertwined with the natural
sciences, mathematics and other disciplines [27]. In this context,
the concept of literacy does not merely refer to the functional
ability to handle technological tools, but to a deeper cognitive
understanding of technology as a phenomenon, a process and a
system [12]. For brevity, the term ‘technological literacy’ is used
interchangeably with ‘technological and engineering literacy’
throughout this paper.

The most important international reference framework in this
field is the Standards for Technological and Engineering Literacy
(STEL), published in 2020 by the International Society for
Technology and Engineering Education [13]. The aim of STEL
is not to train technologists or engineers, but to broaden the
technological and engineering literacy of all learners to such an
extent that they are able to make informed decisions regarding
the technologies they encounter in the world. In Slovenia, this
literacy has long been reduced to the use of information and
communication technology (ICT), whilst its deeper significance
has remained of peripheral importance [15]. [33] notes that the
level of technological literacy among trainee teachers in the
Slovenian higher education sector is unsatisfactory, which
indirectly affects the quality of teaching technical subjects in
primary schools.

In the Slovenian primary school curriculum, the subject of
‘Technology’ plays a central role in the development of this
literacy. The new curriculum [24] directly links it to the
development of technical thinking, creativity and innovation, and
emphasises that the subject is one of the few that enables the
implementation of higher cognitive levels of knowledge
according to Bloom’s taxonomy — particularly analysis, synthesis
and evaluation. Primary schools play a key role, as they are the
only institutions in the education system that offer technical
content to the entire pupil population [15].

The relationship between technological and engineering literacy
and critical thinking is clearly intertwined: technological literacy
significantly supports and enriches the capacity for critical
thinking, whilst at the same time it can only develop to a high
standard in the presence of critical reflection. A learner who does
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not understand how technology works at the level of processes,
systems and societal impacts finds it more difficult to analyse and
evaluate the technological solutions they encounter in a
meaningful way. [29] note that the engineering design process
(EDP) acts as a platform for situational learning, in which pupils
develop higher-order thinking whilst solving authentic problems.
Curriculum reforms in several countries confirm that STEM
approaches, particularly through the EDP, enable pupils to
develop critical thinking, creativity and communication skills
[17]. Technological and engineering literacy can thus
significantly support the analysis and evaluation of technological
problems and the transition from the reproduction of knowledge
to reasoned judgement.

1.3 Ciritical thinking as a complex, domain-
specific competence

It is appropriate to begin by explaining what the concept of
critical thinking means, as critical thinking has been defined
differently across various periods and in different fields [11] [3]
[4] [19] [8] [7]. In what follows, we shall attempt to answer the
question: To what extent is critical thinking linked to subject-
specific knowledge, and can it be understood as a general
cognitive ability?’ It must be emphasised that critical thinking
goes beyond the expression of a particular personal belief [11],
as it involves specific cognitive abilities (such as judgement,
analysis, evaluation and others) that an individual can learn
through a specific process [11] [6] [8] [19]. These are specific
cognitive abilities and skills, but they are contingent upon the
individual’s ability to apply them (e.g. a willingness to test one’s
own views, a willingness to investigate, etc.), whereby, for
example, sound reasoning requires knowledge of the subject area
in question [11] [3] [4] [22] [19] [8] [32] [31].

The definition of critical thinking has evolved over the years; the
American philosopher John Dewey [3], who used the term
‘reflective thinking’, argued that an individual should not accept
beliefs automatically:

active, persistent and careful consideration of any belief or
supposed form of knowledge in the light of the grounds that
support it, and the further conclusions to which it tends. ([3]: 6;
[4]:9).

Hitchcock emphasises that ‘critical thinking //..//is a widely
accepted educational goal’[11], a view also put forward by other
authors, such as Siegel [28], whereby it involves goal-oriented
thinking; however, as Hitchcock [11] emphasises, definitions of
critical thinking may vary depending on criteria, standards, etc.
[11]. When discussing educational objectives, Hitchcock
highlights the importance of taking learners’ autonomy into
account [11]; furthermore, the development of critical thinking
also helps learners to succeed in everyday life, meaning they can
make independent and considered judgements says Hitchcock
[11]. However, as he explains, questions remain regarding how
effectively critical thinking can be transferred between different
subject areas, how to distinguish critical thinking from other
types of thinking, and so on [11]. We also believe that
incorporating argumentation and the other elements mentioned
by Hitchcock [11] into teaching can help to distinguish more
clearly between opinion and critical thinking.

McPeck’s view is also particularly relevant to this paper; he
argues that critical thinking should not be taught as a separate
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subject but should be integrated into school subjects [22] [11].
Our analysis of the authors’ works revealed that the importance
of subject-specific knowledge and contextual content in critical
thinking is underscored by Dewey [3] [4], Weinstein [30], Bailin
et al. [1], Willingham [32] [31], Hitchcock [11] and others [11],
suggesting that critical thinking can be meaningfully fostered and
applied within the context of specific subject areas, in our case,
reading literacy and technological and engineering literacy.

At this point, we shall briefly highlight the importance of
incorporating critical thinking into the educational process; we
shall therefore go on to mention two significant historical
milestones which demonstrate that critical thinking is, in fact, of
exceptional importance. Among the key milestones in the
development of critical thinking, we would highlight the turning
point in 1956 when Bloom included higher-order cognitive
processes associated with critical thinking — in particular,
analysis, synthesis and evaluation [11] [11] — in his ‘taxonomy
of cognitive educational objectives’ [11]. It is also worth noting
that as early as 1962, Ennis ‘proposed 12 aspects of critical
thinking as a basis for research on the teaching and evaluation
of critical thinking ability’ (as cited by Hitchcock in [11]). These
two contributions had a significant influence on the
establishment of critical thinking as an educational objective;
however, as Hitchcock [11] argues, critical thinking does not
involve drawing conclusions without verifying evidence as well
as the other important components of critical thinking identified
by the aforementioned authors. [11] [3] [4]. We also agree that
critical thinking is linked both to cognitive abilities and
dispositions and to knowledge of the field in which an individual
is making judgements [11]. In the context of our study, these
fields are reading literacy and technological and engineering
literacy. As Hitchcock explains, high-quality judgement requires
the use of appropriate criteria, reasons and evidence, as well as
the ability to analyse and evaluate information. [11]. Hitchcock
argues that the educational objective is therefore:

“The real educational goal is recognition, adoption and
implementation by students of those criteria and standards’. That
adoption and implementation in turn consists in acquiring the
knowledge, abilities and dispositions of a critical thinker.” [11].
In this paper we follow this position and treat critical thinking as
a general cognitive competence whose meaningful application
nonetheless depends on domain-specific knowledge — a
distinction we return to in the discussion of reading and
technological and engineering literacy below.

2 Interconnections between the areas under
consideration

In Slovenian educational practice, technological and engineering
literacy is traditionally situated within the subject area of
engineering and technology and is often treated separately from
linguistic and cognitive competences. Such disciplinary
separation may also affect the didactic integration of technical,
linguistic and cognitive competences. There is a possibility that
the acquisition of technical knowledge is not always
systematically linked to the development of the ability to reflect

! See Hitchcock (2024) for a discussion of the criteria and standards of critical
thinking.
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critically on it, interpret it through reading, and evaluate it in a
reasoned manner. As [27] note, one of the key challenges in the
field of technology and engineering education remains precisely
that of conveying a comprehensive picture of what technological
literacy encompasses, as its scope is so broad and constantly
evolving that it cannot be treated as a narrow discipline.

In some of the models under consideration, critical thinking is
positioned as a component of a particular form of literacy, rather
than as a separate, equivalent third competence. The STEL
standards [13] place critical thinking within technological
literacy itself, whilst the nine building blocks of reading literacy
[10] treat critical reading as part of reading literacy. In this paper,
we propose a conceptual model in which all three competences
are functionally linked within a specific problem-based context,
which, to our knowledge, goes beyond existing
conceptualisations. It should be emphasised that the choice of
precisely these two forms of literacy — reading and technological-
engineering — is based on the curricular framework of the subject
‘Technology’ in Slovenian primary schools and does not imply a
claim that these are the only or universally necessary two
competences for the development of critical thinking in general.

critical thinking

technological and

engineering
literacy

reading literacy

Figure 1: Critical thinking and both forms of literacy are
interlinked in the context of solving authentic problems
presented through technology and text

The intersection of all three areas under consideration is most
clearly evident in situations involving authentic problem-
solving, which require pupils to simultaneously decode and
interpret instructions or technical documents, an understanding
of the technological context and how systems operate, and a
critical evaluation of proposed solutions and their consequences.
As highlighted in previous chapters, reading literacy enables or
facilitates pupils’ understanding of the problem context
conveyed through text, whilst technological and engineering
literacy support the understanding and evaluation of technical
information and moving beyond the level of mere knowledge
reproduction. In this regard, a distinction must be made between
domain-specific critical reading or evaluation, which forms part
of the respective literacy itself (e.g. the ninth component of
reading literacy), and the more general, transdisciplinary critical
thinking, the development and application of which can be
supported by their integration within an authentic problem-based
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context. Without this combination, it is difficult for a learner to
move beyond the level of reproduction and reach the level of
informed judgement. This functional interdependence is not
merely a logical deduction from the previous chapters, but a
synthesised thesis that follows from a comparison of the two
theoretical frameworks. Whilst underdeveloped reading literacy
can limit the processing of technical texts, and limited
technological and engineering literacy can hinder the content-
based assessment of technological issues, both competences
represent important factors that can support the development and
application of critical thinking in this specific context. In this
sense, the three competences do not operate in parallel, but are
functionally interdependent and can complement one another; a
more comprehensive development could be supported by cross-
curricular didactic approaches. We regard the proposed model as
a conceptual starting point for further theoretical discussion and
empirical testing.

3 Conclusion

This paper is based on the premise that integrating reading
literacy with technological and engineering literacy can support
the development and application of critical thinking in solving
authentic problems presented through technology and text. A
review of the relevant literature from three mutually
complementary fields — reading literacy, technological and
engineering literacy, and critical thinking, suggests that the
current didactic separation of these competences in school
practice diminishes the quality of higher-order cognitive
processes and limits pupils’ ability to engage in autonomous,
reasoned and reflective judgement in a technology-mediated
world. The proposed interdisciplinary model, which regards
reading, technological and engineering literacy as important
competences that can support the development of critical
thinking in the context under consideration, opens a new
conceptual space for understanding the relationships between
these competences. This is a theoretical thesis awaiting further
conceptual or, potentially, empirical testing, rather than a
definitively confirmed finding. A limitation of the theoretical
grounding presented here is that direct empirical evidence
linking reading comprehension to critical thinking currently
derives mainly from secondary and tertiary populations;
empirical validation with primary-school pupils remains a task
for future research. At the same time, it offers a didactic starting
point for designing approaches that transcend traditional subject
boundaries and promote the integrative development of all three
competences within the framework of primary education.
Interdisciplinary integration is not merely a methodological
advantage, but a direct reflection of the thesis advocated by this
paper: the integration of different perspectives can contribute to
a more comprehensive understanding of complex cognitive
phenomena.
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REGULACIJA KOT UTELESENI KOGNITIVNI PROCES
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Povzetek!

StarSevski odziv v ¢ustveno zahtevni situaciji ni samo rezultat
zavestne presoje, temveC nastaja v prepletu telesne aktivacije,
Custev, zaznave in pomena, ki ga star§ pripiSe otrokovemu
vedenju. Prispevek izhaja iz klinicnega konteksta, Kkjer
ugotavljamo, da se star$i pogosto vracajo v podobna ¢ustveno-
telesna stanja kot so npr. napetost, jeza, sram, nemo¢, strah, tudi
kadar vedo, da njihov ponavljajo¢i se odziv odnosu ne Koristi.
Izraz »zasvojenost s Custvenimi stanji« je zato uporabljen kot
klinicna metafora, ne kot diagnosti¢ni konstrukt. Znanstveno
natanc¢nejSi okvir ponujajo afektivna inercija (angl. affective
inertia) - nagnjenost k ¢ustvenemu stanju, ki vztraja skozi cas,
vztrajajoCe ponavljajote se misljenje, kot sta ruminacija in
zaskrbljenost (perseverative cognition), interocepcija in proznost
pri uravnavanju Custvenih in telesnih odzivov. V prispevku so
predstavljene raziskave o dvosmerni komunikaciji med srcem in
mozgani, variabilnosti sréne frekvence (HRV), ruminaciji in
omreZju privzetega nacina delovanja (DMN). Na tej podlagi je
predstavljen protokol pilotne Studije v okviru Sole za starsSe, ki
povezuje relacijsko razumevanje ponavljajo¢ih se custvenih
vzorcev z biofeedbackom HRV. Primarni namen je preveriti
izvedljivost programa ter pridobiti preliminarne podatke o
spremembah v stresu, regulaciji Custev in psihofizioloskih
kazalnikih.

Kljuéne besede: starSevstvo, custvena regulacija, variabilnost
sréne frekvence, interocepcija, utelesena kognicija, ruminacija,
HRV-biofeedback

1 Uvod

Ena od ponavljajocih se izkuSenj pri delu s starsi je navidezno
preprosta, vendar raziskovalno zahtevna. Posameznik lahko zelo
dobro ve, kako bi se Zelel odzvati na otroka, vendar v ¢ustveno
intenzivnem trenutku vseeno stori nekaj drugega. Otrokov jok,
zavracanje, jeza ali umik lahko v nekaj sekundah sprozijo dobro
znano stanje napetosti, ogrozZenosti, nemoci ali jeze, iz Cesar sledi
prav tako dobro znan odziv. StarSevstvo je poseben kontekst
Custvene regulacije, saj star$ ne uravnava le lastnega Custvenega
stanja, temvec s svojim odzivanjem pomembno sodeluje tudi pri
otrokovi regulaciji ¢ustev [1]. Meta-analiti¢ni podatki kazejo, da je
boljsa regulacija custev pri starS§ih povezana z ugodnej$imi
starSevskimi odzivi. Starsi, ki dobro uravnavajo svoja ¢ustva, bolj
pogosto uporabljajo pozitivne vzgojne pristope, kar se kaze v
Custvenem dozivljaju otrok [2].

Taks$na razlika med znanjem in dejanskim odzivom je zanimiva
tudi za kognitivno znanost. Nakazuje, da samoregulacije ni
mogoce razumeti zgolj kot zavestno odlocCitev. StarSevsko
odzivanje je umesceno v telo: spremljajo ga spremembe dihanja
in srénega ritma, napetosti, pozornosti ter zaznane ogrozenosti.
Prispevek zato ne sku$a razloziti starSevstva z nevroznanostjo,
temve¢ bolj odpreti vpraSanje: ali lahko sprememba
psihofizioloSkega stanja ustvari ve¢ prostora med sproZzilcem in
avtomatskim odzivom starsa?

Prav na tem mestu je uteleSena kognicija uporaben povezovalni
okvir. Ne pomeni, da telo nadomesti moZgane ali da fiziologija
doloca misel. Poudari pa, da je dostop do znanja odvisen tudi od
stanja organizma. Star§ lahko v mirnem trenutku razume, da
otrok s svojim vedenjem izraza preobremenjenost, vendar v
stanju izrazite aktivacije to isto vedenje hitreje interpretira kot
nespostovanje, zavracanje ali izgubo nadzora. Zato nas ne zanima

! Prispevek je nastal v okviru projekta “Psihofizioloska k in ) s¢ imi stanji pri star§ih TEOF UL™

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted
without fee provided that copies are not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. Copyrights for third-party components of this
work must be honored. For all other uses, contact the owner/author(s).

Information Society 2026, Ljubljana, Slovenia

© 2026 Copyright held by the owner/author(s).

https://doi.org/10.70314/is.2026.cogni.141

64

le kaj stars ve, temvec¢ v kakSnem telesno-Custvenem stanju lahko
to znanje uporabi.

2 Ponavljajoca se custvena stanja

V klini¢nem jeziku posamezniki pogosto opisujejo, da se »vedno
znova znajdejo v zacaranem krogu«. Nekdo se hitro organizira
okoli jeze, drugi okoli skrbi, tretji okoli sramu ali nemoci. Izraz
»zasvojenost s Custvenimi stanji« poudarja ponavljanje in
obcutek, da posameznik iz znanega stanja tezko izstopi, vendar ga
ni primerno enaciti z zasvojenostjo v diagnosticnem ali
nevrobioloSkem pomenu. Bolj uporaben je pojem afektivne
inercije, ki opisuje vztrajanje ¢ustvenega stanja skozi ¢as. Novejsi
pregled opozarja, da inercija sama po sebi ni nujno neugodna,
pomembni so kontekst, valenca in sposobnost sistema, da se ob
spremenjenih zahtevah prilagodi. Nekateri starsi se po sprozilcu
tezko vrnejo iz doloCenega ¢ustveno-telesnega stanja. Otrok nekaj
naredi, star$ se aktivira in tudi ko neposredna situacija mine,
stanje jeze, ogroZenosti, sramu ali nemoci vztraja ter vpliva na
naslednje zaznavanje in odzivanje [3].

Drugi bliznji konstrukt je perseverativna Kkognicija, torej
vztrajanje miselnih predstav stresorja v obliki skrbi, ruminacije
ali anticipatornega stresa [4]. Tak$no misljenje lahko podaljsuje
psihofizioloski odziv tudi po tem, ko neposrednega stresorja ni
veC. Meta-analiza laboratorijskih $tudij iz leta 2026 je pokazala
povezavo perseverativne kognicije z nizjo vagalno posredovano
variabilnostjo sréne frekvence (HRV angl. heart rate variability) v
mirovanju ter med reaktivnostjo in okrevanjem [5]. Za
starSevstvo je zato zanimivo vprasanje ali nekatera ponavljajoc¢a
se ¢ustvena stanja vztrajajo tudi zato, ker se medsebojno ojacujejo
telesna aktivacija, interpretacija otrokovega vedenja in nadaljnje
premlevanje dogodka. Tak$no vztrajanje Custvenega stanja je
bolje razumeti kot izraz manjse Custvene proznosti kot pa kot
zasvojenost v klinicnem smislu.

V tem smislu se lahko klini¢ni izraz »zasvojenost« prevede v bolj
raziskovalno vpraSanje o prehodih med stanji. Ni toliko
pomembno ali star§ pogosto obcuti jezo, skrb ali sram, temvec
kako hitro se stanje aktivira, koliko Casa vztraja, kako moc¢no
usmerja pozornost in interpretacijo ter kako dostopen je prehod
v drugacen odziv. Zgodnje izkuSnje v odnosih pri tem niso
obravnavane kot neposreden nevrobioloski vzrok, ampak kot
eden od kontekstov ucenja. Skozi ponavljajoce se odnose se lahko
oblikujejo pri¢akovanja o dostopnosti, zavrnitvi ali ogrozenosti, ki
pozneje usmerjajo zaznavanje in interpretacijo odnosnih situacij
[6]. Pri tem tudi pomen telesne aktivacije ni odvisen le od
fizioloSkega signala, temvel ga oblikujejo predhodna
pricakovanja in trenutni kontekst [7]. Pilotna raziskava, ki jo
predstavljamo v nadaljevanju, tega mehanizma ne bo dokazovala,
lahko pa preveri ali star§i po programu taks$ne prehode bolje
prepoznavajo in opisujejo.

3 Srce, vagalna regulacija in interocepcija

Variabilnost sréne frekvence (HRV) opisuje spreminjanje
intervalov med zaporednimi srénimi utripi. V modelu
nevrovisceralne integracije je HRV razumljena kot periferni
kazalnik dinamicne regulacije, ki je povezana z omrezji
kognitivnega in Custvenega nadzora [8]. Meta-analiti¢ni podatki
kazejo majhno, vendar konsistentno povezanost med HRV in
samoregulacijo [9] ter med vagalno posredovano HRV in
nekaterimi izvr$ilnimi funkcijami, zlasti inhibicijo in kognitivno
proznostjo [10]. HRV zato ni merilo psiholoske zrelosti in tudi ne
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neposredna meritev 'moc¢i vagusa', temve¢ v tem kontekstu
obcutljiv fizioloski kazalnik, na katerega vplivajo dihanje, telesni
polozaj, starost, zdravila in $tevilni drugi dejavniki.

Povezavo med srcem in moZgani je smiselno razumeti
dvosmerno. Mozgani prek avtonomnih poti vplivajo na sréni
ritem, hkrati pa visceralni in kardiovaskularni aferentni signali
prispevajo informacije o trenutnem stanju organizma [11].
Vagusni Zivec je eden pomembnih nosilcev telesno-mozganske
komunikacije, vendar ni samostojen »kanal umirjanja«. Njegovo
delovanje je del SirSega avtonomnega in centralnega
regulatornega sistema. Za psiholoS$ko razumevanje je posebej
pomembna interocepcija - zaznavanje, integriranje in
vrednotenje signalov iz notranjosti telesa - saj sodeluje pri
oblikovanju c¢ustvenega dozivljanja in vedenjskega odzivanja
[12].

Interoceptivno zavedanje lahko starSu omogoci, da prej opazi
pospeseno bitje srca, spremembo dihanja ali napetost, Se preden
se ti obCutki organizirajo v izraziti vedenjski impulz. Toda vel
pozornosti do telesa ni nujno avtomatsko boljSe. Telesni signal
vedno dobi pomen znotraj pricakovanj, preteklih izkusenj in
trenutnega konteksta. Prediktivni modeli interocepcije zato
poudarjajo, da mozgani notranjega stanja ne berejo pasivno,
temvec ga sproti interpretirajo [13,7]. Prav ta poudarek omogoca
povezavo z uteleSeno kognicijo. Telesno stanje ni ozadje misljenja,
ampak eden od pogojev v katerih zaznava in presoja nastajata.

Pomembno je tudi razlikovati med interoceptivno natanc¢nostjo,
pozornostjo do telesnih signalov in subjektivnim obcutkom, da
posameznik svoje telo dobro zaznava. Ti vidiki se nujno ne
prekrivajo. Posameznik je lahko zelo pozoren na sréni utrip in
napetost, vendar ju razlaga katastrofi¢no, pri drugem lahko boljse
prepoznavanje zgodnje aktivacije pomeni mozZnost za
pravocasnejSo regulacijo. Za program s star$i je zato bolj
pomembno vprasanje ali se spreminja nacin kako telesni signal
prepoznajo in mu pripiSejo pomen, ne pa zgolj to ali ga zaznajo.

4 Ruminacija, DMN in uteleSena kognicija

V literaturi o ruminaciji se pogosto pojavlja omrezZje privzetega
nacina delovanja (DMN angl. default mode network), ki sodeluje
pri samoreferenénem misljenju, avtobiografskem spominu in
spontanem notranjem toku misli. Meta-analiza nevroslikovnih
studij je pokazala, da je ruminacija povezana s spremenjeno
funkcionalno povezanostjo znotraj DMN in z njegovim
sodelovanjem z drugimi mozganskimi omrezji [14]. Iz tega ni
mogoce sklepati, da se pri ucinkoviti regulaciji DMN preprosto
ugasne. Bolj smiselno je govoriti o spremembah dinamike med
samoreferen¢nim procesiranjem, zaznavanjem pomembnosti
drazljajev in kognitivnim nadzorom.

Zanimiva je randomizirana raziskava HRV-biofeedbacka, v kateri
skupinski ucinek intervencije na DMN ni bil enoznacen, vendar je
bila vecja amplituda srénih oscilacij med vadbo povezana z
zmanjSanjem negativnega tavanja misli in zmanjSanjem
funkcionalne povezanosti med jedrom DMN in orbitofrontalnim
korteksom [15]. Tega rezultata ne gre prenesti neposredno na
starSevstvo in kot bo predstavljeno v nadaljevanju, tudi v nasi
pilotni raziskavi mozganske aktivnosti ne merimo. Raziskava je
pomembna predvsem zato, ker pokaZe, da je mogoce sr¢no-
avtonomne spremembe raziskovati skupaj s kognitivnimi procesi,
ne da bi eno raven reducirali na drugo.

Podobna previdnost je potrebna pri ruminaciji. DMN ni 'slabo’
omrezje, ki bi ga bilo treba uti$ati, saj sodeluje pri spominu,
misljenju o sebi in socialni kogniciji. Tezava je lahko predvsem v
rigidnosti in neuspe$nem preklapljanju med notranje usmerjenim
procesiranjem in zahtevami trenutne situacije. Pri starSu, ki po
konfliktu z otrokom Se dolgo premleva dogodek, je zato bolj
zanimivo vprasanje regulacijske proznosti kot pa raven aktivnosti
posamezne mozganske mreze. Taks$na formulacija omogoca
uporabo nevroznanstvene literature kot SirSega konteksta, ne da
bi iz psihofizioloSke meritve sklepali na specificno mozgansko
dogajanje.

5 0d psihofizioloske regulacije do starSevskega odziva

HRV-biofeedback praviloma uporablja po¢asno ritmi¢no dihanje,
pogosto v bliZini posameznikove resonan¢ne frekvence, s ¢imer
se povelajo respiratorna sinusna aritmija in barorefleksna
nihanja [16]. Sistemati¢ni pregled metod HRV-biofeedbacka kaze
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obetavne ucinke, hkrati pa veliko heterogenost protokolov in
potrebo po natan¢nem porocanju merilnih pogojev [17]. Inner
Balance je komercialni sistem za HRV-biofeedback, ki so ga razvili
v podjetju HeartMath. Uporablja aplikacijo in manjsi opti¢ni
senzor na u$esni mecici, ki zaznava pulz ter iz njega ocenjuje
spremembe v srénem ritmu, pri tem pa ne snema
elektrokardiograma. Z opticnim fotopletizmografskim (PPG)
senzorjem na uSesni mecici zaznava pulzni val in iz ¢asov med
zaporednimi pulznimi valovi doloc¢a intervale med utripi (inter-
beat intervals, IBI), ki jih aplikacija uporablja za prikaz
variabilnosti sréne frekvence in izracun indeksa koherence
(coherence score). Ta indeks opisuje urejenost oziroma
periodi¢nost vzorca variabilnosti in ga ni mogoce enaciti z
standardnimi merami HRV, kot so RMSSD (kvadratni koren
povprecdja kvadratov razlik med zaporednimi intervali), InRMSSD
(logaritemsko transformiran RMSSD), SDNN (standardni odklon
intervalov med normalnimi utripi) in HF-HRV (visokofrekvencna
komponenta HRV), niti z neposredno vagalno aktivnostjo ali
neposredno  »sréno-mozgansko  koherenco«.  Validacijska
raziskava PPG naprav, ki je vkljucevala Inner Balance Bluetooth,
je pokazala, da so meritve srcne frekvence praviloma natancnejse
od meritev HRV in da se skladnost z EKG poslabsa predvsem ob
gibanju, kar govori v prid standardiziranim meritvam v mirovanju
[18].

V praksi se pocasno dihanje pogosto povezuje tudi z namernim
priklicem obcutkov kot so npr. hvaleznost in socutje. Znanstveno
bi bilo preve¢ poenostavljeno trditi, da pozitivno Custvo najprej
uredi srce, srce pa nato izbolj$a misljenje. Bolj verjetno je, da se
hkrati spreminjajo pozornost, kognitivna ocena situacije, dihanje,
avtonomna aktivacija in interoceptivni kontekst. Za starsa je
lahko pomemben prav ta skupni proces: sprememba telesnega
stanja lahko olajsa drugacno presojo, drugacna presoja pa
povratno vpliva na telesno in ¢ustveno stanje.

StarSevski kontekst temu doda odnosni vidik. Sistemati¢ni
pregled fizioloSke sinhronosti med skrbniki in otroki opozarja, da
vecja fizioloska usklajenost ni sama po sebi boljs$a, njen pomen je
odvisen od razvojnega in odnosnega konteksta [19]. Cilj
samoregulacije zato ni stalno mirno ali pozitivno stanje.
Pomembna je regulacijska proznost, kjer so sposobni opaziti, da
se telo in miSljenje organizirata okoli starega vzorca, ter se po
aktivaciji dovolj hitro vrniti v stanje, v katerem je ponovno
dostopnih ve¢ mozZnosti za odziv. V tem smislu starsevski odziv ni
le vedenjska tehnika, ampak uteleSeni kognitivni in odnosni
proces.

6 Pilotna Studija v okviru Sole za starse

Pilotna S$tudija PsihofizioloSka koherenca in zasvojenost s
Custvenimi stanji pri starSih je zasnovana kot skupinska
prospektivna raziskava z meritvami pred programom in po njem
ter z meSanim raziskovalnim pristopom. Vklju¢enih bo 10
polnoletnih starsev, ki bodo sodelovali v Sestih srecanjih Sole za
starSe. Program povezuje prepoznavanje ponavljajo¢ih se
Custvenih in telesnih stanj, refleksijo povezav med zgodnjimi
odnosi in sedanjo starSevsko reaktivnostjo, relacijsko-druzinsko
razumevanje odzivov ter ucenje psihofizioloske samoregulacije z
biofeedbackom Inner Balance.

Primarni namen pilotne $tudije ni dokazovanje ucinkovitosti,
temvec preverjanje izvedljivosti in dozivljanja. S tem mislimo na
vkljuCevanje udelezencev, udelezbe na srecanjih, izvedljivosti
meritev, tehni¢nih tezav ter subjektivnega dozivljanja.
Preliminarno bodo pred programom in po njem ocenjeni zaznani
stres in tezave pri regulaciji ¢ustev. Za regulacijo Custev je
predvidena kratka lestvica DERS-16 [20]; pri izboru mer stresa pa
PSS-10 [21].

Raziskovalna vpraSanja so zato =zastavljena predvsem
eksploratorno. Zanima nas ali je tak program za star$e sprejemljiv
in izvedljiv, ali se po njem pokaZzejo preliminarni premiki v
zaznanem stresu in regulaciji Custev ter ali se pri fizioloSkem
podvzorcu po programu pokaZejo spremembe v indeksu
koherence sistema Inner Balance. Kvalitativni del bo dodatno
raziskal kako starSi sami opisujejo stanja v katera se pogosto
vracajo, kako jih povezujejo z odzivanjem do otroka in ali po
programu zaznajo veC prostora med aktivacijo in vedenjskim
impulzom. Subjektivno dozivljanje je pomembno, ker lahko



Information Society 2026, 5-9 October 2026, Ljubljana, Slovenia

pokaze, ali je predlagani teoretitni jezik za udelezence sploh
razumljiv in uporaben.

Pri fizioloSkem podvzorcu bo protokol vklju¢eval petminutno
meritev v mirovanju ob spontanem dihanju in petminutno
standardizirano koheren¢no nalogo. Ce bo tehni¢no omogocen
zanesljiv izvoz IBI in bo kakovost PPG-signala ustrezna, bo iz teh
intervalov izrac¢unan InRMSSD kot standardni ¢asovno-domenski
kazalnik HRV. HeartMathov coherence score bo analiziran lo¢eno
kot indeks urejenosti vzorca variabilnosti med koherencno
nalogo, ne kot zamenjava za standardne HRV-kazalnike ali
neposredna mera vagalne aktivnosti. Pri priblizno 8-10
udelezencih so predvideni tudi polstrukturirani intervjuji o
ponavljajo¢ih se custveno-telesnih stanjih, odzivih do otrok in
izkusnji biofeedbacka, analizirani s tematsko analizo [22].
Kvantitativne spremembe bodo pri majhnem pilotskem vzorcu
interpretirane predvsem z velikostmi ucinkov in intervali
negotovosti, ne zgolj s p-vrednostmi.

7 Razprava in sklep

Osrednje vprasanje tega prispevka ni, ali »srce vodi mozgane,
temve¢ kako telesno stanje sodeluje pri nastajanju zaznave,
Custva, misli in odnosa. Dosedanje raziskave ponujajo posamezne,
med seboj povezane ugotovitve. StarSevska regulacija je
pomembna za kakovost odzivanja [1,2], perseverativna kognicija
je povezana z avtonomno regulacijo [5], HRV z nekaterimi vidiki
samoregulacije in izvrsilnega delovanja [8-10], interocepcija pa
predstavlja enega od mostov med telesnimi signali in ¢ustveno-
kognitivnim procesiranjem [11-13]. Raziskave DMN in HRV-
biofeedbacka dodatno odpirajo vprasanja o odnosu med telesno
regulacijo in samoreferen¢nim misljenjem [14,15], vendar za zdaj
ne upravicujejo enostavnih vzro¢nih razlag.

Pilotna $tudija zato ostaja namenoma skromna. Ne preverja
zasvojenosti s custvi kot diagnoze in ne meri sprememb v
mozganih. Preverja ali je za star$e izvedljiv pristop, ki jim pomaga
prej prepoznati lastno aktivacijo, jo povezati z znanim ¢ustveno-
odnosnim vzorcem in pred odzivom ustvariti nekoliko vec
regulacijske proznosti. Ce se ob tem pokaZejo tudi preliminarne
spremembe v stresu, regulaciji Custev, starSevski kompetentnosti
ali HRV, bodo te ugotovitve predvsem izhodis¢e za vecjo
raziskavo. Prav v tej previdni povezavi med klini¢nim opazanjem,
merljivo fiziologijo in kognitivnimi procesi je lahko prispevek
uteleSene kognicije k raziskovanju starsevstva.

Nekatere omejitve opredeljujemo vnaprej. Enoskupinska zasnova
ne bo omogocala pripisovanja sprememb posamezni komponenti
programa, majhen nenaklju¢ni vzorec pa ne omogoca SirSega
posplosevanja. Na HRV vplivajo Stevilni fiziolo$ki in situacijski
dejavniki; pri PPG-meritvah dodatno vplivata kakovost pulznega
signala in gibanje, HeartMathov indeks koherence pa je kazalnik
naprave. Tudi kvalitativna porocila o ve¢jem zavedanju Se niso
dokaz spremembe dejanskega vedenja v druZzini. Naslednji korak
bi zato zahteval primerjalno skupino, strogo standardizirane
fizioloSke meritve ter neposredne kazalnike starSevskega
odzivanja. Za bolj natanc¢no validacijo HRV bi bilo smiselno
vkljuciti tudi EKG-referen¢no meritev. Sedanji pilot je namenjen
predvsem temu, da pokaze, ali je takSen raziskovalni model dovolj
jasen, izvedljiv in merljiv, da ga je smiselno tovrstno nadalje
raziskovati.
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Povzetek

Izhodis¢a: Nedavne raziskave poudarjajo, da fascija ni le pasivno
vezivno tkivo, temve¢ dinamicen sistem z pomembno vlogo pri
mehanski stabilnosti, zaznavanju gibanja in koordinaciji. Otroci
in mladostniki s posebnimi potrebami vse pogosteje uporabljajo
prilagojene vadbene naérte, ki vkljuCujejo raztezanje,
koordinacijo in ZivénomiSi¢ni trening z namenom povecanja
upora, gibljivosti in ucinkovitosti prenosa sile v telesu.
Pomemben vidik je vkljucitev igre, ki spodbuja notranjo
motivacijo, povecuje vkljucenost in zmanjSuje upor gibanju, kar
omogoca ve¢jo doslednost pri vadbi. Dinamicne igrive
dejavnosti (npr. skakanje, skakanje, koordinacijske naloge)
dodatno podpirajo elasti¢ne lastnosti fascijalnega sistema in
utrjujejo ustrezne vzorce gibanja.

Cilj: Razviti in preizkusiti fascijalno vadbo za otroke in
mladostnike s posebnimi potrebami kot del rehabilitacijske
obravnave.

Metode: Fizioterapevti v Cirius Kamniku razvijamo vadbeni
program, ki celovito vkljucuje elemente igre, gibanja in
obravnave fascijalnega sistema. Sestavili smo nabor vaj in vadbo
ter jo preizkusili sistemati¢no na skupini $estih otrok, starih od
8 do 12 let, ki so vadili dvakrat tedensko v obdobju Sestih tednov.
Za spremljanje kvantitativnih kazalnikov ucinkovitosti vadbe
smo uporabili tri standardizirane teste. Pred in po vsaki vadbeni
seriji smo izvedli test sedegega upogiba naprej, da bi ugotovili
neposredne ucinke vadbe. Za oceno sprememb v ravnotezju in
eksplozivni mo¢i so bili uporabljeni skok v daljino stoje in stoja
na eni nogi (na trdi in mehki podlagi) pred in po zadetku
Sesttedenskega obdobja treninga.

Rezultati: Sesttedenska intervencija kaZe dosledno izboljsanje
pri vseh treh merjenih funkcionalnih sposobnostih — mobilnosti,
eksplozivni moci in ravnotezju — pri vseh Sestih udelezencih
programa. Pri gibljivosti hrbtenice (test sedecega predklona) se
je povpreéna vrednost izboljSala z 29,45 cm na 32,90 cm (+3,45
cm), z narasc¢ajo¢im trendom, vidnim tako med fazami pred/po
kot znotraj vsake faze v 12 zaporednih meritvah, kar nakazuje
postopni in kumulativni u€inek treninga. Pri eksplozivni moci
spodnjih okon¢in (skok v daljino iz stoja) se je povpreéje
povecalo s 69,00 cm na 78,83 cm (49,83 cm, priblizno 14 %
relativni napredek), kar je najvecji relativni napredek med tremi
testi. Pri statitnem ravnotezju (Stoja na eni nogi) je bila
izboljSava prisotna na obeh povrSinah, a sorazmerno bolj izrazita
na nestabilni (mehki) povrsini s 7,31 s na 12,89 s (+5,58 s) kot
na trdni povrsini od 14,29 s do 23,95 s (+9,66 s), kar je skladno
s pri¢akovanim ué¢inkom treninga na senzomotori¢ni nadzor in
propriocepcijo.

Kljuéne besede
Fascija, fascijalni sistem, zivénomiSi¢ni trening, spodnji udi,
hrbtenica, eksplozivna mo¢
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Introduction: Recent research highlights that fascia is not just a
passive connective tissue but a dynamic system with important
role in mechanical stability, motion perception, and coordination.
Children and adolescents with special needs are increasingly
using adapted exercise plans that include stretching,
coordination, and neuromuscular training with the aim of
increasing resistance, flexibility, and efficiency of force
transmission in the body. An important aspect is the inclusion of
play which stimulates intrinsic motivation, increases
involvement, and reduces resistance to movement, allowing for
greater consistency in exercise. Dynamic playful activities (e.g.
jumping, jumping, coordination tasks) additionally support
elastic properties of the fascial system and enforce appropriate
movement patterns.

Aim: To develop and test a new rehabilitational training for
children and adolescents with special care needs.

Methods: Physiotherapists at Cirius Kamnik are developing an
exercise program which comprehensively includes elements of
play, movement, and treatment of the fascial system. Preliminary
study included a sample of six children between the ages of 8 and
12 years who performed exercises twice a week over a period of
six weeks. Three standardized tests were used to monitor
quantitative indicators of exercise effectiveness. A seated
forward bend test was performed before and after each training
session to determine the direct effects of exercise. Standing long
jump and single leg stance (on firm and soft surface) before and
after the start of the six-week training period was used to assess
changes in balance and explosive power.

Results: Six-week fascial intervention showed a consistent
improvement across all three measured functional abilities —
mobility, explosive power, and balance — in all six participants
of the programme. In spinal and posterior chain mobility (seated
forward bend test), the average value improved from 29.45 cm to
32.90 cm (+3.45 cm), with an upward trend visible both between
the before/after phases and within each phase across the 12
consecutive measurements, suggesting a gradual and cumulative
training effect. In lower-limb explosive power (standing long
jump), the average rose from 69.00 cm to 78.83 cm (+9.83 cm,
approximately a 14% relative improvement), the largest relative
gain among the three tests. In static balance (single-leg stance),
improvement was present on both surfaces, but proportionally
more pronounced on the unstable (soft) surface from 7.31 s to
12.89 s (+5,58 s) than on the firm surface from 14.29 s to 23.95
s (+9,66 s), which is consistent with the expected effect of
training on sensorimotor control and proprioception.



Conclusions: Based on current research, we conclude that the
combination of fascial approach and play significantly
contributes to the improvement of motor skills and quality of life
of children and adolescents with special needs. Further research
is needed to confirm long-term effects and standardize
approaches.

Keywords

Fascia, fascial system, neuromuscular training, lower limbs,
spine, explosive power

1 Uvod

Fascija je vezivnotkivna ovojnica, ki v neprekinjeni strukturi
povezuje kozo, misice, kosti, zile, zZivce in notranje organe.
Sodobna literatura locuje anatomsko strukturo (t.i. "fascija") od
funkcionalnega pojma "fascijalni sistem", ki zajema
medsebojno povezane vezivnotkivne komponente in poudarja
njihovo skupno vlogo pri gibanju in drzi telesa. Poenostavljeno
lo¢imo povrsinsko (podkozno) fascijo, ki lezi tik pod kozo, in
globoko fascijo, ki ovija miSice ter se nadaljuje v medmiSi¢ne
septume, ovojnice posameznih misi¢nih snopov (perimizij) in
vlaken (endomizij).

Slika 1: Shematski pre¢ni prerez slojev(izdelano s pomogjo UI).

Precni prerez fascialnega sistema
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Povrsinska (pogKozpa) fascijg

Misi¢ni snop, ovit
v peri-/epimizij

Globoka fascjja (i

(C
\

Medmisiéni septum
(podalisek globoke fascije)

Kost

Fascijalno tkivo je bilo dolgo obravnavano zgolj kot pasivna
ovojnica miSic, vendar sodobne raziskave kazejo, da gre za
dinamicen, tridimenzionalen mrezni sistem, ki povezuje miSice,
kosti, zivce in notranje organe ter ima pomembno vlogo pri
prenosu mehanske sile, drzi telesa in senzori¢ni povratni
informaciji [1]. Znotraj fascijalnega tkiva je gosta mreza
mehanoreceptorjev  in  nociceptorjev, ki prispevajo k
propriocepciji in zaznavanju gibanja, kar fascijo umes¢a med
klju¢ne strukture nadzora drZe in koordinacije [2]. Fascija ni le
mehansko, ampak tudi biolosko aktivno tkivo — vsebuje
miofihroblaste ki lahko aktivno snreminiain nanetost tkiva in s
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tem vplivajo na misi¢no-skeletno dinamiko, njena togost pa se
prilagaja tudi raztezanju in gibalni obremenitvi [4] [5].

Slika 2: Vloga fascijalnega sistema pri gibanju in drzi (izdelano
s pomocjo UI).
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Funkeie se ne izraZajo lofeno, temvet prek povezane fascialne mreZe
(misiéno-fascialne verige, Myers) — napetost n gib se prenasata
tudi med oddaljenimi deli telesa, ne le lokalno

Pri otrocih in mladostnikin s posebnimi potrebami se v
obravnavo vse pogosteje vkljuCujejo prilagojeni gibalni
programi, ki zdruzujejo raztezanje, koordinacijske naloge in
nevromuskularni trening z namenom izboljSanja gibljivosti,
modi in u¢inkovitosti prenosa sile v telesu. Pomembno vlogo pri
tem ima vkljucevanje igre, ki spodbuja notranjo motivacijo,
povecuje vkljucenost otroka in zmanjSuje odpor do gibanja, kar
omogoca vecjo doslednost pri izvajanju vadbe. V Cirius Kamnik
so fizioterapevti na podlagi teh izhodis¢ razvili igrivo fascijalno
vadbo za otroke in mladostnike s posebnimi potrebami, ki smo
jo tudi preizkusili v praksi in preizkusili njene ulinke z
meritvami.

2 Vloga igre in notranje motivacije pri gibalni
obravnavi otrok in mladostnikov s posebnimi
potrebami

Vkljucevanje igre v gibalno vadbo otrok s posebnimi potrebami
ni le motivacijski dodatek, temve¢ dejavnik, ki neposredno
vpliva na izvedljivost in uginkovitost programa. Studija
izvedljivosti programa igrive telesne dejavnosti pri otrocih z
motnjami v dusevnem razvoju je pokazala visoko stopnjo
sodelovanja in zadrzevanja udelezencev v programu, kar kaze,
da strukturirana igra v kombinaciji s prostim gibanjem dobro
deluje tudi pri populaciji s posebnimi potrebami [6]. Sistemati¢ni
pregled Solskih gibalnih programov prav tako izpostavlja, da je
notranja motivacija kljuéni dejavnik za zacetek in vzdrzevanje
zdravih gibalnih navad, zato programi vse pogosteje vkljucujejo
motivacijske strategije za poveCanje udelezbe otrok in
mladostnikov pri telesni dejavnosti [7].

Podobno je randomizirana raziskava igrive telesne dejavnosti pri
otrocih pokazala izboljSanje temeljnih gibalnih spretnosti po
desettedenskem programu, ki je vkljuceval kombinacijo vodenih
iger in prostega gibanja [8]. Igra in igriva vadba torej ne deluje
zgolj kot spodbuda za sodelovanje, temvec¢ je vgrajena v sam



mehanizem gibalnega ufenja — z zmanjSevanjem strahu pred
neuspehom in povecevanjem Stevila ponovitev giba, ki jih otrok
prostovoljno izvede, kar je pri otrocih s posebnimi potrebami Se
posebej pomembno, saj so ti pogosto manj telesno dejavni od
svojih vrstnikov brez posebnih potreb.

3 Program igrive vadbe: zasnova in metode

Gre za vadbeni program, ki sta ga razvili fizioterapevtki v Cirius
Kamnik in ki celostno zdruzuje elemente igre, gibanja in
obravnave fascijalnega sistema. Gre za specializiran program
vadbe, namenjen posameznikom s posebnimi potrebami.
Njegova najvecja prednost je zdruzevanje fizioterapevtskih
nacel, ki temeljijo na dokazih, z igrivim, spro$¢enim in
privla¢nim pristopom. Program spodbuja kakovostno gibanje,
senzori¢no zavedanje in aktivno sodelovanje prek zabavnih
dejavnosti. Sestavljen je iz osmih vaj, ki jih navdihujeta narava
in vsakdanje Zivljenje: kot so t.i. polozaji ali slike: GORA,
RAST, MORSKA ALGA, MAVRICA, KAPNIK, HOJA,
OKOLI SONCA in VALOVI.

4 Raziskava

Metode

V raziskavo je bilo vkljuéenih 6 otrok in mladostnikov, starih
med 8 in 12 let z mozgansko okvaro, ki je nastala perinatalno
(v prvih tednih po rojstvu oz. ob rojstvu). Uginkovitost vadbe je
bila spremljana s tremi standardiziranimi testi: testom predklona
sede (za oceno mobilnosti hrbtenice in zadnje misi¢no-fascijalne
verige), skokom v daljino z mesta (za oceno eksplozivne moci)
ter stojo na eni nogi na trdi in mehki podlagi (za oceno stati¢nega
ravnotezja). Test predklona sede je bil izveden pred vsako
vadbeno enoto in po njej, s ¢imer so ocenili neposreden ucinek
posamezne vadbe, medtem ko sta bila skok v daljino z mesta in
stoja na eni nogi izmerjena pred zacetkom in po zakljucku
Sesttedenskega programa.

V analizi smo zaradi majhnega vzorca in bolj$e povednosti glede
izboljSanja funkcije rok uporabili deskriptivno statistiko.

Rezultati

Rezultati so pokazali izboljsanje funkcije.

4.1 Gibljivost hrbtenice in zadnje miSi¢no-fascijalne verige
Pri testu predklona sede se je povpreéna vrednost izboljsala z
29,45 ¢cm na 32,90 cm (+3,45 cm), pri ¢emer je bil naras¢ajoc
trend viden tako med fazama pred/po vadbi kot tudi znotraj
posamezne faze prek 12 zaporednih meritev, kar nakazuje na
postopen in kumulativen uéinek vadbe. Ta vzorec je skladen z
ugotovitvami, da se togost globoke fascije zmanjSa ze po
kratkotrajnem raztezanju in da se ta ucinek pri ponavljajoci se
vadbi kaze tudi kot dolgorocnejSa prilagoditev veziva [5].
Sistemati¢ni pregledi pri mladostnikih prav tako potrjujejo, da
vadba, ki vkljucuje elemente eksplozivnega gibanja, poleg moci
izboljfuje tudi gibljivost zadnje miSi¢no-fascijalne verige,
merjeno s testom sede, kar podpira kombinirani pristop nasega
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programa, ki gibljivost in eksplozivno mo¢ obravnava so¢asno
[14].

4.2 Eksplozivna mo¢ spodnjih okon¢in

Pri skoku v daljino z mesta se je povprecna vrednost dvignila z
69,00 cm na 78,83 cm (+9,83 cm, priblizno 14-odstotno relativno
izboljSanje), kar je bil najvecji relativni napredek med tremi
merjenimi sposobnostmi. Metaanaliza ucinkov pliometri¢ne
vadbe pri mladostnih $portnikih je pokazala, da tovrstna vadba
statisticno znacilno izboljsa eksplozivno mo¢ spodnjih okoncin,
med drugim tudi rezultat skoka v daljino z mesta [11]. Podobno
je sistematicni pregled s pripadajoo metaanalizo pri
mladostnikih v ekipnih $portih potrdil izbolj$anje skoka v daljino
z mesta z visoko velikostjo ucinka, poleg tega pa tudi izboljSanje
sprinta in sprememb smeri gibanja, kar kaze, da eksplozivna
vadba vpliva SirSe na nevromuskularno uéinkovitost, ne le na en
sam gibalni vzorec [12]. Zanimivo je, da je skok v daljino z mesta
v raziskavah povezan tudi s SirSimi zdravstvenimi kazalniki pri
mladostnikih, kot so telesna sestava, kakovost spanja in psihi¢no
pocutje, kar rezultatom naSega programa daje pomen, ki presega
zgolj gibalno podrocje [13].

4.3 Stati¢no ravnoteZje in propriocepcija

Pri stoji na eni nogi je bilo izboljSanje prisotno na obeh podlagah,
a sorazmerno bolj izrazito na nestabilni (mehki) podlagi, kjer se
je vrednost izboljsala s 7,31 s na 12,89 s (+5,58 s), v primerjavi
s trdo podlago, kjer se je vrednost izboljsala s 14,29 s na 23,95 s
(19,66 s). TakSen vzorec je skladen s pri¢akovanim uéinkom
vadbe na nadzor in propriocepcijo [9].
Randomizirana raziskava ravnoteznega treninga na razli¢nih
podlagah pri otrocih s cerebralno paralizo je pokazala, da vadba
na nestabilnih podlagah znacilno izbolj$a polozajni ¢ut v gleznju,
kar podpira uporabo mehke podlage kot ciljne obremenitve za
propriocepcijo, ne le kot teZjo razliCico enake naloge [9]. Tudi

senzomotori¢ni

pri mladostnikih so raziskave proprioceptivnega treninga
pokazale soCasno izboljSanje dinami¢nega ravnotezja in

eksplozivne mod¢i, kar kaze, da ravnotezni in eksplozivni
elementi vadbe drug drugega funkcionalno dopolnjujejo, kar je
skladno z zasnovo program, ki oba elementa vkljucuje
vzporedno [10].

5 Zakljucek

Zanimivo je, da izboljSanja pri vseh treh testih pri udeleZencih
programa niso bila izolirana, temvec so se pojavljala vzporedno
pri istih otrocih. Tak vzorec je skladen z razumevanjem
fascijalnega sistema kot celostne, medsebojno povezane mreze,
kjer sprememba togosti ali gibljivosti v enem delu telesa vpliva
na prenos sile in nadzor giba tudi drugod, saj fascijalne verige
mehansko povezujejo sosednje misice in celo oddaljene telesne
segmente [1]. Kombinirane, igrive naloge hkrati krepijo
gibljivost, mo¢ in ravnotezje. Tovrsten celostni pristop je skladen
z ugotovitvami, da neuravnotezena vadba, osredotocena zgolj na
mo¢ ali zgolj na gibljivost, redkeje prinese enakovredne
izboljSave na vseh podro¢jih motorike, medtem ko kombinirani
programi, ki vkljucujejo elemente pliometrije, ravnotezja in
raztezanja, dosledneje izboljsajo ve¢ gibalnih sposobnosti hkrati
[12] [14].



Izboljsanje gibalnih sposobnosti pri otrocih s posebnimi
potrebami ni pomembno samo po sebi, temvec je tesno povezano
tudi s SirSo udelezbo v vsakdanjih dejavnostih in kakovostjo
zivljenja. Sistemati¢ni pregled prilagojene telesne dejavnosti pri
otrocih in mladostnikih z nevromotori¢no motnjo je pokazal, da
tovrstni programi izboljSujejo grobo motoriko in kakovost
zivljenja, ¢eprav je kakovost dokazov na tem podrocju se vedno
omejena [15]. Podobno sistemati¢ni pregled gibalnih in telesno-
dejavnostnih programov pri otrocih z avtistiénimi motnjami
navaja, da tovrstne intervencije izboljSujejo motoric¢ni razvoj in
imajo potencial za izboljSanje neodvisnosti ter kakovosti
zivljenja, Ceprav je metodoloska kakovost vkljucenih raziskav
pogosto nizka [16]. Poleg motori¢nih uéinkov so gibalne
intervencije pri otrocih s posebnimi vzgojno-izobraZzevalnimi
potrebami povezane tudi s kognitivnimi in uénimi izidi, kar kaze,
da imajo lahko podobni programi $ir§i vpliv na otrokov razvoj,
ne le na izmerjene gibalne parametre [17], saj je potrebno
upostevati tudi psihosocialno razseznost programov, ki temeljijo
na igri. Ker otroci s posebnimi potrebami pogosto dozivljajo
manj uspes$nih izkusenj pri telesni dejavnosti kot njihovi vrstniki,
lahko igriv, individualiziran prispeva tudi k obcutku
kompetentnosti in sodelovanja, kar je v literaturi prepoznano kot
pomemben dejavnik dolgoro¢ne vkljucenosti v gibalno dejavnost
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Omejitve in usmeritve za nadaljnje raziskave

Predstavljeni rezultati izhajajo iz majhnega vzorca Sestih
udelezencev brez kontrolne skupine, zato jih je treba obravnavati
kot predhodne. Podobne omejitve — majhni vzorci, kratko
trajanje vadbe in odsotnost kontrolnih skupin — so pogosto
prisotne tudi v $irsi literaturi o gibalnih intervencijah pri otrocih
s posebnimi potrebami, kar sistemati¢ni pregledi izpostavljajo
kot oviro za posploSevanje ugotovitev [15] [16]. Za potrditev
dolgoro¢nih u¢inkov in standardizacijo pristopa fascijalne vadbe

bodo potrebne nadaljnje raziskave z veljim Stevilom
udelezencev, kontrolno skupino in daljS$im obdobjem

spremljanja, po moznosti z vkljucitvijo dodatnih izidov, kot so
udelezba v vsakdanjih dejavnostih in samoocenjena kakovost
zivljenja.
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Povzetek

Ponovno analiziramo, kako dolgo bi lahko obstajala ¢loveska
tehnoloska civilizacija, pri ¢emer tokrat uporabljamo doslej naj-
celovitejsi in najkompleksnejsi pristop. Drakova enacba in njene
raz§iritve niso zgolj racunska orodja za ocenjevanje teviléno-
sti tehnoloskih civilizacij, temveé tudi formalne reprezentacije
sklepanja v razmerah globoke negotovosti. V prispevku Drakove,
Brinove in modele redke Zemlje obravnavamo kot generatorje
scenarijev. Njihove semanti¢no razli¢ne izhode uskladimo s po-
vezovalno diagnosti¢no koli¢ino N* ter jih prikaZzemo v prostoru
aktivne Zivljenjske dobe Lytive in diagnosti¢ne vrednosti N*. Go-
stotno karto enakomerno utezenega supermodela SM1 razdelimo
na §tiri rezime. Najvecji delez uteZene mase pripada prehodnemu
rezimu Ry, in sicer 43,7 %, sledi pa mu dolgoZivi rezim z visoko
diagnosti¢no vrednostjo Ry, ki obsega 35,9 %; tudi globalni maksi-
mum glajene gostote lezi v rezimu R,. Primerjava treh nastavitev
utezi supermodela pokaZze, da se v obravnavanem zaporedju SM4-
SM1-SMS5, v katerem nara$ca relativni prispevek naselitvenih
komponent, povecuje tudi masa rezima Ry. Rezultati ne pred-
stavljajo empiri¢nih verjetnosti za Galaksijo, temve¢ opisujejo
lastnosti modelno induciranega prostora scenarijev. Gostotno
karto in primerjavo mas posameznih reZimov obravnavamo kot
komplementarni zunanji reprezentaciji, ki razkrivata strukturo
scenarijskega prostora ter omogocata sistemati¢no primerjavo
razli¢nih modelnih predpostavk.

Abstract

We revisit the question of how long human technological civiliza-
tion might persist, this time using our most comprehensive and
complex approach to date. The Drake equation and its extensions
are not merely computational tools for estimating the number
of technological civilizations, but also formal representations of
reasoning under deep uncertainty. In this study, we treat the
Drake, Brin, and Rare Earth models as scenario generators. We
align their semantically distinct outputs by means of the bridging
diagnostic quantity N* and represent them in the space defined
by active lifetime L,ctive and diagnostic value N*. We divide the
density map of the uniformly weighted supermodel SM1 into
four regimes. The transitional regime R, contains the largest
share of the weighted mass, at 43.7 %, followed by the long-lived,
high-diagnostic-value regime Ry, at 35.9 %; the global maximum
of the smoothed density also lies within regime R,. A comparison
of three supermodel weighting configurations shows that, across
the sequence SM4-SM1-SM5, in which the relative contribution
of settlement-related components increases, the mass assigned
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to regime Ry also grows. These results should not be interpreted
as empirical probabilities for the Galaxy, but rather as properties
of a model-induced scenario space. We treat the density map and
the comparison of regime masses as complementary external
representations that reveal the structure of the scenario space
and enable systematic comparison among different modeling
assumptions.

Kljucne besede

Drakova enacba, Fermijev paradoks, negotovost parametrov,
kognitivne reprezentacije, scenarijska analiza, tehnoloske civili-
zacije

Keywords

Drake equation, Fermi paradox, reasoning under uncertainty,
cognitive representations, scenario analysis, technological civi-
lizations

1 Uvod

Ponovno se lotevamo ra¢unavanja dolgozivosti oz. pri¢akovane
zivljenjske dobe ¢loveske tehnologke civilizacije. Nase izhodisce
je Fermijev paradoks - zakaj kljub ogromnemu stevilu planetov ne
dobimo stika z drugimi civilizacijami? Problem ni le ocenjevanje
civilizacijske stevilénosti ali dolgozivosti, temve¢ tudi organiza-
cija sklepanja pri veliki negotovosti.

Najbolj znan formalni okvir za taksno organizacijo je prilago-
jena Drakova enacba

Nactive = R*]?; neﬁﬁﬁzLactive, (1)

ki problem razgradi na astrofizikalne, planetarne, bioloske in
tehnologke faktorje [1, 2]. Enacba ni empiri¢ni zakon v obi¢ajnem
fizikalnem smislu. Njena klju¢na funkcija je reprezentacijska:
dolo¢i, katere neznane koli¢ine $tejemo za odlocilne in kako
kompleksno vprasanje razdelimo na obvladljive podprobleme.

Kasnejse modelne druZine spremenijo strukturo te reprezenta-
cije. Brinovi modeli uvedejo prostorsko $irjenje in razliko med
neodvisnim civilizacijskim izvorom ter naseljeno lokacijo [3].
Rare-Earth pristopi poudarjajo redkost planetarnih, geofizikalnih
in bioloskih pogojev pred nastankom tehnoloske inteligence [4].
Stohasti¢ne in probabilisti¢ne analize dodatno pokaZzejo, da $iroki
intervali vhodne negotovosti bistveno vplivajo na interpretacijo
Fermijevega paradoksa [5, 6, 7]. Te modelne druzine zato niso le
razli¢ni postopki za ocenjevanje istega Stevila, temvec¢ razli¢ni
nacini organizacije istega problemskega prostora.

Taksna uporaba modelov je povezana z omejeno racionalno-
stjo: kadar popolno znanje ni dostopno, formalne reprezentacije
negotovosti ne odstranijo, temve¢ omogocijo njeno strukturirano
obravnavo [8]. Gostotna karta prikaZze porazdelitev scenarijev,
zloZeni stolpéni diagram pa omogoca primerjavo rezimskih dele-
zev. V kognitivni znanosti taksne prikaze obravnavamo kot zuna-
nje reprezentacije [9, 10]. V tem prispevku zunanjo reprezentacijo
razumemo kot grafi¢no ali simbolno strukturo, ki izbrane odnose
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v modelnem prostoru prenese v obliko, dostopno neposredni
vizualni primerjavi, zaznavanju vzorcev in kategorizaciji. Gosto-
tna karta eksternalizira zvezno porazdelitev scenarijev, rezimska
particija pa kontinuirani prostor pretvori v omejeno mnozico pri-
merljivih kategorij. Njuno kognitivno u¢inkovitost obravnavamo
kot teoreti¢no-metodologko hipotezo in ne kot eksperimentalno
potrjen ucinek. Gostotna karta omogoca pregled skupne poraz-
delitve scenarijev, primerjava reZimskih mas pa neposrednejsi
prikaz njihove odvisnosti od modelnih predpostavk.

Osrednje raziskovalno vprasanje je, kako lahko semanti¢no
heterogene izhode razli¢nih modelov tehnoloskih civilizacij po-
ravnamo v skupen diagnosti¢ni prostor ter kako lahko gostotna
karta in primerjava rezimskih mas eksternalizirata njegovo struk-
turo in odvisnost od modelnih predpostavk. Prispevek ima tri
glavne korake: (1) uvede premostitveno diagnosti¢no koli¢ino
N*, (2) skupni prostor razdeli na $tiri rezime in izra¢una njihove
utezene mase ter (3) s tremi alternativnimi nastavitvami super-
modelnih utezi preveri, kako se rezimska porazdelitev odzove na
spremembo relativnega prispevka naselitvenih komponent.

2 Metoda: modeli kot generatorji scenarijev

Racunski okvir sestavlja pet modelnih komponent: standardni
Drakov model (I), reducirani Drakov model (II), prostorski nase-
litveni model (IITA), multiplikativni naselitveni model z diagno-
stiko nezaznave (IIIB-M) in Rare-Earth model (IV). Posamezna
komponenta vhodne predpostavke preslika v aktivno Zivljenjsko
dobo Lyctive in modelno specifi¢no merilo civilizacijske stevil¢-
nosti. Modelov zato ne obravnavamo kot pet ocen iste fizikalne
koli¢ine, temve¢ kot pet generatorjev semanti¢no razli¢nih sce-
narijev.

Pri modelih I, IT in IV je naravni izhod §tevilo neodvisnih ak-
tivnih civilizacij Ngjy. Pri naselitvenih modelih IITA in IIIB-M
razlikujemo med $tevilom izvornih civilizacij Nyoyrce in Stevilom
aktivnih naseljenih lokacij Ngjte. Za primerjavo v skupnem su-
permodelnem prostoru uvedemo premostitveno diagnosti¢no
koli¢ino
(m.s)
civ.  ?
(m.s)
site

m e {LILIV},

(2)
m € {IIIA, IB-M},

N*(m,s) = {
kjer m oznacuje modelno komponento, s pa posamezni vzorec.
Koli¢ina N* omogoc¢a skupni diagnosti¢ni prikaz, vendar ne po-
meni fizikalne ali semanti¢ne enakovrednosti med neodvisnimi
civilizacijami in naseljenimi lokacijami.

V supermodelu SM1 imajo vse modelne komponente enake
utezi, 7, = 0.2. Za primerjavo treh supermodelnih uteznih sce-
narijev uporabimo poleg osnovnega supermodela SM1 Se super-
modela SM4 in SM5. Naj bo

a = (ay, ar, ama, amB-M, a1v)

vektor uteznih kazni. Normalizirane mesalne koeficiente dolo-
¢imo kot

a1

m
g 3
i 4

Za SM4 uporabimo a = (1,1,10,10,1), s ¢imer zmanj$amo
relativni prispevek naselitvenih komponent, za SM5 pa a =
(1,1,0.1,0.1,1), s ¢cimer ga pove¢amo.

Za vsako od petih modelnih komponent smo enkrat generi-
rali 120 000 veljavnih vzorcev negotovih parametrov iz omejenih
porazdelitev, dolo¢enih z minimalno, modalno in maksimalno vre-
dnostjo. Skupna zbirka tako vsebuje 600 000 vzorcev. Isto zbirko
komponentnih vzorcev smo uporabili pri supermodelih SM1, SM4
in SM5; med njimi smo spreminjali samo mes3alne koeficiente.

Tm =
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UteZi vzorcev znotraj posamezne komponente so normalizirane
tako, da je njihova vsota enaka pripadajocemu koeficientu 7y,.
Taks$na zasnova omogoca, da razlike med supermodeli pripisemo
spremembi uteZi in ne neodvisni Monte Carlo variabilnosti.
Vzorce prikazemo v logaritemskem diagnosti¢nem prostoru

(10g10 Lactive, logyg N*) :

Gostoto ocenimo z utezenim dvodimenzionalnim histogramom z
90% 90 celicami in jo zgladimo z Gaussovim jedrom s standardnim
odklonom treh celic. Maksimum glajene gostote v obravnava-
nem obmo¢ju oznacuje lokalno najgostejse obmocje prikazanega
ansambla; ne enac¢imo ga z utezenim tezZis¢em ali z empiri¢no
najverjetnejs$im stanjem Galaksije.

Diagnosti¢ni prostor razdelimo na $tiri disjunktne rezime:

Ri ¢ Lyctive < 10°,

Ry : 10% < Lactive < 10°,

Ry : Lactive = 10°,  N* < 107,

Ryt Lactive 2 10°, N™ 2 10% )

Rezimi tvorijo particijo veljavnega vzorénega prostora, zato vsak
vzorec pripada natanko enemu rezimu. R; opisuje kratko ak-
tivno zivljenjsko dobo, R, prehodno Zivljenjsko dobo, R; dolgo
zivljenjsko dobo z nizko diagnosti¢no vrednostjo N*, Ry pa dolgo
zivljenjsko dobo z visoko diagnosti¢no vrednostjo N*.

Pragovi so izbrani kot operativne meje po redih velikosti. Nji-
hov namen je lo¢iti kratkozive, prehodne in dolgozive tehnoloske
scenarije ter pri dolgozivih scenarijih razlikovati med nizko in
visoko diagnosti¢no vrednostjo N*. Ne predstavljajo empiri¢no
dolo¢enih prehodov ali naravnih civilizacijskih ¢asovnih skal,
temvec interpretativno particijo, namenjeno pregledni primer-
javi razliénih supermodelnih nastavitev. Drugacna izbira pragov
bi lahko spremenila posamezne rezimske mase.

Utezeno maso rezima Ry definiramo kot

2?21 Ws le (Lz(izt)ive’ N* (S))

n
s=1 Ws

Pk = , (5

kjer je ws supermodelna utez vzorca, 1g, pa indikatorska funkcija
rezima Ry. Ker so rezimi disjunktni in iz¢rpni, velja Zi:l P =1

3 Rezultati

V osnovnem enakomerno utezenem supermodelu SM1 najvecji
delez simulacijskega ansambla pripada prehodnemu rezimu Ry,
katerega uteZena masa znasa 43.7%. Sledi dolgozivi rezim z visoko
diagnosti¢no vrednostjo N*, Ry, z maso 35.9%. KratkoZzivi rezim
R; vsebuje 12.9%, dolgozivi rezim z nizko diagnosti¢no vrednostjo
N*, Rs, pa 7.5% skupne uteZene mase. Rezima R; in Ry skupaj
vsebujeta 79.6 % uteZene mase supermodela SM1.
Globalni maksimum glajene gostote se pojavi priblizno pri

(log,o Lactive, log;o N¥) ~ (4.58,2.20),
kar ustreza

Lactive ~ 3.8 - 10% let, N* =~ 1.6 - 102,

Maksimum leZi v reZimu Ry, ki je dolo¢en z intervalom aktivne
zivljenjske dobe in ne postavlja dodatnega pogoja na diagnosti¢no
vrednost N*.

Obcutljivost rezimske razdelitve smo preverili v treh nasta-
vitvah supermodelnih utezi. V zaporedju SM4-SM1-SM5, v ka-
terem se povecuje relativni prispevek naselitvenih komponent,
masa rezima R4 naraste z 15.1 % na 35.9 % in nato na 65.0 %. Hkrati
masa rezima R, pade s 53.8 % na 43.7 % in nato na 29.7 %. V treh
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Slika 1: Gostotna karta supermodela SM1 v diagnostiénem prostoru (log,, Lactive, 10g;; N*). Crtkane meje doloéajo $tiri
rezime, oznake pa njihove utezene Monte Carlo mase. Rdeca tocka oznacuje globalni maksimum glajene gostote.
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Slika 2: Primerjava utezenih rezimskih mas pri treh iz-
branih supermodelnih nastavitvah. Stolpci predstavljajo
celotne rezimske porazdelitve supermodelov SM4, SM1 in
SM5. V zaporedju, v katerem se povecuje relativni prispe-
vek naselitvenih komponent, se masa rezima R, povecuje,
masa rezima R, pa zmanj$uje.

obravnavanih nastavitvah tako opazimo urejen premik rezim-
ske mase iz R; proti Ry. Sprememba ne zadeva le enega rezima,
temve¢ preuredi celotno rezimsko porazdelitev.

4 Razprava

Osrednje vprasanje te raziskave ni zgolj, kako dolgo lahko obstaja
tehnoloska civilizacija, temve¢ tudi, ali smo taksen civilizacijsko-
kognitivni pojav sploh sposobni ustrezno razumeti. Cloveska
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kognicija je prilagojena razmisljanju v ¢asovnih merilih posame-
znikovega Zivljenja, druzinskih generacij in zgodovinskih obdobij,
bistveno teZje pa obravnava procese, ki trajajo tiso¢e, milijone
ali celo milijarde let. Kot razvojna analogija lahko sluzi otrosko
razumevanje smrti. Pojmi njene univerzalnosti, nepovratnosti in
osebne neizogibnosti se oblikujejo postopoma ter se praviloma
utrdijo Sele okoli zgodnjega Solskega obdobja. Spoznanje, da je
posameznikovo Zivljenje kon¢no, je kognitivno in ¢ustveno zah-
tevno. Podobno zahtevno je lahko tudi spoznanje, da ¢loveska
civilizacija ni nujno trajna, temve¢ ima lahko omejen ¢asovni
horizont obstoja.

V vsakdanjem, politicnem in celo znanstvenem misljenju ¢lo-
vesko civilizacijo pogosto implicitno obravnavamo kot nadaljujo¢
se proces brez dolo¢enega konca. Razpravljamo o prihodnjih sto-
letjih, naseljevanju drugih planetov in tehnoloskem napredku,
ne da bi vedno eksplicitno upostevali moznost, da je tudi tehno-
loska civilizacija prehoden pojav. Predstavljamo si lahko propad
posameznih drzav, kultur ali politi¢nih ureditev, bistveno tezje pa
si predstavljamo dokoncen konec celotne tehnoloske civilizacije.
Modeli, obravnavani v tem prispevku, to intuitivno predpostavko
postavljajo pod vprasaj. Ne kaZejo enega samega vnaprej dolo-
Cenega “roka trajanja”, temve¢ scenarijski prostor, v katerem je
vedina civilizacijskih poti ¢asovno omejena, zelo dolga zivljenjska
doba pa ostaja mogoca, vendar pripada manj$emu in modelno
obcutljivejsemu delu prostora.

Rezultati kazejo, da osnovni supermodel SM1 najve¢ utezene
mase razporedi med prehodni rezim R; in dolgoZivi rezim z visoko
diagnosti¢no vrednostjo N*, Ry. Teh delezev ne smemo razlagati
kot neposrednih verjetnosti za dejansko Galaksijo. Gre za lastno-
sti scenarijskega prostora, ki ga dolo¢ajo izbrane modelne enacbe,
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vhodne porazdelitve, diagnosti¢ni pragovi in supermodelne utezi.
Modeli zato ne dokazujejo, da bo ¢loveska civilizacija prenehala
obstajati ob dolo¢enem ¢asu, temve¢ formalizirajo spoznanje,
da neskoné¢no nadaljevanje tehnoloske civilizacije ni privzeta
posledica njenega nastanka.

Dominantnost reZima R, poudarja razliko med nastankom
tehnoloske civilizacije in njeno dolgoro¢no stabilnostjo. V tem
rezimu tehnoloska aktivnost preseze kratko zacetno fazo, ven-
dar $e ne doseze ¢asovne meje, ki smo jo diagnosti¢no povezali
z dolgozivo civilizacijsko prisotnostjo. Obstoj napredne tehno-
logije zato sam po sebi Se ne pomeni dolgoroc¢ne civilizacijske
stabilnosti. Civilizacija lahko razvije industrijo, globalne komuni-
kacije, vesoljske tehnologije in umetno inteligenco, ne da bi s tem
avtomati¢no resila probleme politi¢ne nestabilnosti, ekoloskih
omejitev, tehnoloskih tveganj, konfliktov ali izgube institucio-
nalne sposobnosti za dolgoro¢no koordinacijo.

To razlikovanje je pomembno tudi pri razpravah o naseljeva-
nju drugih planetov. Prostorska razsiritev lahko bistveno zmanjsa
ranljivost civilizacije za lokalne katastrofe in v nekaterih model-
nih scenarijih podaljsa njeno skupno prisotnost za priblizno dva
reda velikosti oziroma stokrat. Toda tudi ve¢planetarna civiliza-
cija s tem ne postane nujno neomejena. Njena Zivljenjska doba
ostaja konéna, kadar so kolonije medsebojno odvisne, kadar se
iste sistemske napake reproducirajo na ve¢ lokacijah ali kadar
dolgoroc¢na tveganja delujejo na ravni celotne tehnoloske kulture.
Naseljevanje drugih planetov zato v obravnavanem modelnem
okviru predstavlja podaljSanje civilizacijskega ¢asovnega hori-
zonta, ne pa odprave njegove konénosti.

Semanti¢ni pomen rezimov Rs in Ry je odvisen od modelne
komponente. Pri modelih I, IT in IV visoka vrednost N* pomeni
veliko $tevilo neodvisnih aktivnih civilizacij. Pri naselitvenih mo-
delih IITA in IIIB-M pa pomeni veliko §tevilo aktivnih naseljenih
lokacij, ki lahko izvirajo iz ene ali nekaj izvornih civilizacij. Ry je
zato na ravni supermodela najprej rezim dolge aktivne Zivljenjske
dobe in visoke diagnosti¢ne vrednosti. Interpretacijo v smislu
prostorsko razsirjene oziroma veéplanetarne civilizacije ima le
pogojno, znotraj naselitvenih komponent.

Primerjava supermodelov dodatno pokaZze, da rezimska po-
razdelitev ni neodvisna od modelnih predpostavk. Ko v zapo-
redju SM4-SM1-SM5 povecujemo relativni prispevek naselitve-
nih komponent, se masa Ry poveluje, masa R, pa zmanjSuje. Pri
naselitvenih modelih to pomeni premik poudarka od ¢asovne
trajnosti ene tehnoloske faze proti prostorski razprsenosti ci-
vilizacijske prisotnosti. Civilizacija lahko kot povezan politi¢ni
ali kulturni sistem izgine, njene tehnoloske naslednice ali na-
seljene lokacije pa lahko obstajajo $e dolgo po tem. Pri drugih
komponentah visoka vrednost N* $e vedno pomeni $tevilénost
neodvisnih civilizacij, zato je treba spremembe rezimskih mas
vedno razlagati skupaj s sestavo supermodela.

Rare-Earth interpretacija je vzro¢no drugacna od rezimske
razdelitve. Nizka vrednost N* lahko nastane zaradi kratke tehno-
loske zivljenjske dobe, lahko pa tudi zaradi redkosti planetarnih,
geofizikalnih ali bioloskih pogojev, potrebnih pred nastankom
tehnoloske inteligence. Enako obmo¢je diagnosti¢nega prostora
ima zato lahko razlicne vzroéne razlage, odvisno od modelne
komponente, iz katere vzorec izvira. Galaksija z majhnim Stevi-
lom zaznavnih civilizacij je lahko Galaksija, v kateri tehnoloske
civilizacije pogosto nastanejo in hitro izginejo, ali pa Galaksija, v
kateri je Ze njihov nastanek izjemno redek. Diagnosti¢na podob-
nost zato ne pomeni nujno vzro¢ne enakosti.

Poseben pomen ima majhna, vendar neni¢elna masa dolgozi-
vih scenarijev. Modeli ne izklju¢ujejo moznosti, da tehnoloska
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civilizacija obstane izjemno dolgo. Taksni scenariji so manj za-
stopani, vendar kazejo, da kratka ali srednje dolga civilizacijska
zivljenjska doba ni logi¢na nujnost. Kljuéno vprasanje zato ni
samo, kateri dejavniki povzroéijo propad, temve¢ kateri meha-
nizmi bi civilizaciji omogo¢ili prehod iz rezima R, v reZim Ry.
Tak prehod bi verjetno zahteval sposobnost napovedovanja dol-
goro¢nih posledic, koordiniranja prek generacij, obvladovanja
kompleksnih tehnoloskih sistemov in omejevanja eksistencialnih
tveganj v ¢asovnih merilih, ki mo¢no presegajo obi¢ajne ¢loveske
institucije.

V tem okviru se pojavi vprasanje superinteligence. Ce so
glavne omejitve civilizacijske dolgozivosti povezane s komple-
ksnostjo, kratkoro¢nostjo ¢loveskega odlo¢anja in nezmoznostjo
zanesljivega upravljanja globalnih tveganj, potem bi prehod v
skrajno dolgozive rezime lahko zahteval kognitivne sposobno-
sti, ki presegajo posamezno in kolektivno ¢lovesko inteligenco.
Superinteligenca bi lahko omogo¢ila boljse modeliranje dolgo-
ro¢nih posledic, usklajevanje med sistemi, odkrivanje nevarnih
razvojnih poti in vzdrzevanje stabilnosti skozi zelo dolga obdobja.
Vendar ista tehnologija predstavlja tudi potencialno eksistenci-
alno tveganje. Superinteligence zato ne smemo obravnavati kot
avtomaticne resitve, temve¢ kot moZen prehodni mehanizem,
katerega ucinek je odvisen od usklajenosti ciljev, nadzora, insti-
tucionalnega okolja in sposobnosti ¢lovestva, da varen prehod
sploh izvede.

Osnovni paradoks je zato naslednji: civilizacija bi za dolgo-
ro¢no preZivetje morda potrebovala inteligenco, sposobno razu-
meti in upravljati procese, ki jih ¢loveska kognicija sama tezko
zajame, ustvarjanje taksne inteligence pa je lahko eno najvecjih
tveganj v njeni zgodovini. Majhna masa skrajno dolgozivih sce-
narijev se lahko zato interpretira kot ozko obmocje prehoda med
dvema neuspehoma: med nezmoznostjo preseci omejitve ¢love-
Skega odlo¢anja in nezmoznostjo varno upravljati sisteme, ki
te omejitve presegajo. Ta interpretacija ni neposreden rezultat
posamezne modelne enacbe, temve¢ hipoteza, ki izhaja iz po-
vezave med modelnim scenarijskim prostorom in problemom
civilizacijske kognicije.

Sliki v tem kontekstu opravljata komplementarni reprezenta-
cijski funkciji. Gostotna karta eksternalizira skupno porazdelitev
zivljenjske dobe in diagnosti¢ne vrednosti ter omogoca zaznava-
nje obmocij zgostitve, prehodov in skrajnih scenarijev. ZloZeni
stolp¢ni prikaz isti ansambel stisne v primerjavo rezimskih mas
med razli¢nimi supermodelnimi predpostavkami. Rezimska raz-
delitev tako podpira kategorizacijo kontinuiranega prostora v
omejeno Stevilo interpretativnih enot, primerjava supermodelov
pa naredi ob¢utljivost rezultatov na predpostavke neposredno za-
znavno [9, 10]. Gre za reprezentacijsko hipotezo, katere dejanski
kognitivni uéinek bi bilo treba preveriti z uporabnisko $tudijo.

Ta reprezentacijska funkcija je pomembna prav zato, ker je
civilizacijska dolgozZivost tezko predstavljiv kognitivni objekt.
Stevilka, izrazena v letih, sama po sebi ne omogoca nujno razu-
mevanja razlike med kratkoZzivim, prehodnim, veéplanetarnim
in skrajno dolgozivim scenarijem. Vizualna razdelitev prostora
lahko konénost civilizacijskih poti naredi zaznavnej$o, hkrati pa
preprecuje, da bi eno samo povpredje ali to¢kovno oceno napa¢no
razumeli kot napoved. Namen prikazov zato ni le povzemanje
rezultatov, temve¢ tudi podpora misljenju o pojavu, ki presega
intuitivna ¢asovna merila ¢loveskega odlocanja.

Clovestvo je v tem okviru nepopolno opazovan primer tehno-
loske civilizacije. Njegova tehnoloska zgodovina je prekratka, da
bi ga lahko zanesljivo uvrstili v enega izmed rezimov. Modeli zato
ne napovedujejo njegove prihodnosti in ne dolo¢ajo konkretnega
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datuma njegovega konca. Omogocajo pa formalno lo¢evanje med
veé vprasanji: ali je glavno ozko grlo preZivetje zacetne tehno-
loske faze, dolgoro¢na politi¢na in ekoloska stabilnost, redkost
predtehnoloskih pogojev, sposobnost prostorskega Sirjenja ali
prehod k oblikam inteligence, ki lahko upravljajo civilizacijo v
zelo dolgih ¢asovnih merilih.

Najpomembnejsi rezultat zato morda ni ocena posamezne Zi-
vljenjske dobe, temve¢ sprememba perspektive. Civilizacije ni
smiselno obravnavati kot neskonénega ozadja ¢loveske zgodo-
vine, temve¢ kot dinamiéen, ranljiv in ¢asovno omejen sistem.
Vecplanetarnost lahko njegovo Zivljenje mo¢no podaljsa, vendar
sama po sebi ne odpravi koné¢nosti. Skrajno dolga civilizacijska
prisotnost ostaja mogoca, vendar verjetno zahteva tehnolosko, in-
stitucionalno in kognitivno preobrazbo. Temeljno vprasanje tako
ni samo, koliko ¢asa lahko Zivimo, ampak ali lahko dovolj zgodaj
razumemo, da ima tudi civilizacija ¢asovni horizont, ter razvijemo
inteligenco in institucije, potrebne za njegovo podaljsanje.

5 Omejitve in prihodnje delo

Rezultate omejuje ve¢ metodoloskih odloéitev. Prvi¢, gostotne
karte in reZimske mase so odvisne od izbranih intervalov para-
metrov, vzorénih porazdelitev, diagnosti¢nih pragov in supermo-
delnih utezi. Vrednosti py zato niso posteriorne verjetnosti za
dejansko Galaksijo, temvec lastnosti konkretnega simulacijskega
ansambla. Enake uteZi v SM1 predstavljajo primerjalno izhodi-
$Ce, ne pa trditve, da je vseh pet modelnih komponent enako
verjetnih.

Drugi¢, premostitvena koli¢ina N* zdruzuje semanti¢no raz-
licne izhode. Pri nekaterih modelih predstavlja neodvisne aktivne
civilizacije, pri naselitvenih modelih pa aktivne naseljene loka-
cije. Skupni diagnosti¢ni prostor omogoca primerjavo, vendar ne
odpravi razlike med Ny in N. ReZimske mase je zato treba
interpretirati skupaj z modelno sestavo supermodela.

Tretji¢, pragovi rezimov R;—R4 niso dolo¢eni kot naravne ali
empiri¢no potrjene meje. Izbrani so kot disjunktna diagnosti¢na
particija, ki omogoca pregledno primerjavo kratkozivih, preho-
dnih in dolgozivih scenarijev z nizko ali visoko vrednostjo N*.
Drugac¢na izbira pragov bi lahko spremenila posamezne rezimske
mase, poloZaj meja pa lahko vpliva tudi na interpretacijo prehoda
med R in Ry.

Cetrti¢, pri modelu ITIB-M verjetnost nezaznave uporabljamo
kot diagnosti¢ni izhod, ne kot pogojno utez celotnega supermo-
delnega ansambla. Rezultatov zato ne smemo razlagati kot poste-
riorne porazdelitve, pogojene z dosedanjim neuspehom iskanja
zunajzemeljskih signalov.

Peti¢, ocena, da lahko prostorska razsiritev civilizacijsko pri-
sotnost podaljsa za priblizno dva reda velikosti, je odvisna od
strukture naselitvenih modelov. Ne vklju¢uje nujno vseh oblik
medplanetarne odvisnosti, skupnih tehnoloskih ranljivosti, ko-
munikacijskih zamikov, politi¢ne fragmentacije ali moznosti, da
se iste nevarne razvojne poti ponovijo na ve¢ naseljenih lokacijah.
Vecplanetarnost zato v modelu ne sme biti enacena z zagotovljeno
dolgoro¢no varnostjo.

Sesti¢, povezava med dolgozivimi rezimi in superinteligenco
je interpretativna hipoteza, ne neposredna napoved obravnava-
nih modelov. Modelne enacbe ne opisujejo podrobno nastanka,
arhitekture, ciljev ali upravljanja naprednih sistemov umetne in-
teligence. Prav tako ne omogocajo sklepa, da je superinteligenca
nujen ali zadosten pogoj za prehod v Ry. Omogocajo le vprasa-
nje, ali bi reSevanje problemov zelo dolgoro¢ne koordinacije in
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upravljanja tveganj lahko zahtevalo kognitivne zmogljivosti, ki
presegajo obstojece ¢loveske sposobnosti.

Kognitivna interpretacija prav tako ostaja teoreti¢no-
metodoloska. Prispevek grafi¢na prikaza obravnava kot mozni
zunanji reprezentaciji scenarijskega prostora, vendar ne preverja,
kako ju uporabniki dejansko razumejo, ali zmanj$ujeta pristran-
skost k implicitni civilizacijski neskonénosti in ali izboljsujeta
sklepanje v razmerah globoke negotovosti. Razvojna analogija z
razumevanjem osebne umrljivosti je namenjena pojasnjevanju
kognitivne tezavnosti problema, ne pa enacenju individualne
psihologije s procesi na ravni civilizacije.

Modeli poleg tega ne vklju¢ujejo podrobnih politi¢nih, eko-
nomskih, ekoloskih, vojaskih, kulturnih in psiholoskih procesov,
ki bi dolocali prihodnost konkretne ¢loveske civilizacije. Ne opi-
sujejo niti moznih povratnih zank med tehnoloskim napredkom,
druzbeno neenakostjo, institucionalno stabilnostjo, okoljskimi
omejitvami in eksistencialnimi tveganji. Rezultati zato predsta-
vljajo diagnosti¢no strukturo scenarijskega prostora, ne celovi-
tega modela prihodnosti ¢lovestva.

Prihodnje delo naj preveri robustnost rezimskih mas na spre-
membe vhodnih porazdelitev, diagnosti¢nih pragov in supermo-
delnih uteZzi. Ro¢no dolo¢ene rezime bi bilo mogoce primerjati
s podatkovno dobljenimi obmo¢ji, dolo¢enimi z gruc¢enjem, se-
gmentacijo gostotnih kart ali detekcijo lokalnih maksimumov.
Interpretabilne metode strojnega uc¢enja bi lahko izlus¢ile pravila,
ki povezujejo modelne parametre s pripadnostjo posameznemu
rezimu.

Naselitvene modele bi bilo smiselno razsiriti z razli¢nimi sto-
pnjami neodvisnosti kolonij, hitrostmi $irjenja, verjetnostmi lo-
kalnega propada in skupnimi sistemskimi tveganji. Tako bi bilo
mogoce natanéneje razlikovati med civilizacijo, ki je zgolj prostor-
sko raz8irjena, in civilizacijo, katere lokacije so organizacijsko,
tehnolosko in ekolosko dovolj neodvisne, da dejansko povecujejo
njeno dolgoro¢no odpornost.

Posebna smer prihodnjega dela je vkljucitev prehodov med
razliénimi oblikami inteligence. Model bi lahko eksplicitno obrav-
naval scenarije, v katerih bioloska tehnoloska civilizacija razvije
napredno umetno inteligenco, se z njo institucionalno poveZze, jo
neuspes$no nadzira ali pa se preoblikuje v postbiolosko civiliza-
cijsko obliko. S tem bi bilo mogoce preveriti, ali taksni prehodi
povecujejo maso dolgozivih rezimov ali predvsem uvajajo novo
zgodnjo fazo eksistencialnega tveganja.

Neposredno kognitivno validacijo bi omogo¢il uporabniski
eksperiment, ki bi primerjal razumevanje negotovosti pri gosto-
tni karti, zloZenem stolpénem prikazu, tabeli in enotni to¢kovni
oceni. Preveriti bi bilo mogoce tudi, ali rezimski prikazi vplivajo
na sposobnost uporabnikov, da civilizacijo obravnavajo kot ¢a-
sovno omejen sistem, razlikujejo med verjetnostjo in modelno
inducirano maso ter pravilno razumejo razliko med dolgoZzivostjo,
veéplanetarnostjo in $tevilénostjo neodvisnih civilizacij.

Kon¢ni cilj tak$nega raziskovalnega programa ne bi bil do-
lo¢iti enega samega datuma konca ¢loveske civilizacije. Njegov
cilj bi bil razviti modele in reprezentacije, s katerimi lahko ¢love-
§tvo razmislja o lastni ¢asovni omejenosti, prepozna mehanizme
prehoda med kratkoZivimi in dolgoZivimi rezimi ter oceni, ka-
tere tehnologke, institucionalne in kognitivne spremembe bi bile
potrebne za bistveno podaljsanje civilizacijske prihodnosti.

6 Sklep

Prispevek obravnava Drake-Brin—-Rare-Earth modele kot genera-
torje scenarijev in kot formalna sredstva za organizacijo sklepanja
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pod globoko negotovostjo. Primerjalna koli¢ina N* omogoca sku-
pni prikaz semanti¢no razli¢énih modelnih izhodov in njihovo
razdelitev na $tiri rezime.

V osnovnem supermodelu SM1 ima najveéjo uteZeno maso
prehodni rezim R, sledi dolgoZivi rezim z visoko diagnosti¢no
vrednostjo N*, Ry. V treh analiziranih supermodelnih nastavi-
tvah se rezimska porazdelitev sistemati¢no odzove na relativni
prispevek naselitvenih komponent, kar pokaze, da struktura sce-
narijskega prostora ni neodvisna od modelnih predpostavk.

Rezultati niso napoved prihodnosti ¢loves$tva in ne predsta-
vljajo empiri¢nih verjetnosti za Galaksijo. Njihova vrednost je
metodoloska in reprezentacijska: kombinacija gostotne karte in
primerjave rezimskih mas pokaze, kako lahko semanti¢na porav-
nava, Monte Carlo analiza in komplementarni grafi¢ni prikazi
pretvorijo heterogen modelni ansambel v interpretabilen prostor
moznih civilizacijskih scenarijev. Za konkretne kognitivne sklepe
iz teh simulacijskih rezultatov pa potrebujemo dodatne analize.
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Digitalni socialni signali in oblikovanje mnenj: eksperimentalni dokazi iz
spletnih okolij odlo¢anja
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Povzetek

V digitalnih okoljih so uporabniki pogosto izpostavljeniagregiranim
socialnim signalom, kot so ocene, kazalniki priljubljenosti in prikazi
vecinskega mnenja. Tak$ni signali lahko vplivajo na presojo in
odlocanje tudi brez neposredne medosebne interakcije. V raziskavi
smo preverjali, ali prikaz domnevnega povpreéja odgovorov drugh
vpliva na izrazena staliS¢a ter ali se ta udinek razlikuje glede na
starost in samoocenjeno predznanje. V kvazieksperimentalni
raziskavi je sodelovalo 456 oseb: 213 jih je izpolnilo kontrolno, 243
pa eksperimentalno razli¢ico spletnega vpraSalnika. Udelezenci so
na kontinuirani lestvici od 0 do 100 ocenili devet trditev s podroci
tehnologije, etike in osebnih vrednot. V eksperimentalni razli¢ici je
bil pri vsaki trditvi prikazan domnevni povpre¢ni odgovor prej$njih
udelezencev. Pri osmih od devetih postavk je bilo povprecje
eksperimentalne skupine blizje prikazani vrednosti kakor povprecje
kontrolne skupine; pri Sestih postavkah je bila razlika statisti¢no
znacilna. U¢inek se ni statisticno znacilno razlikoval glede na starost
ali samoocenjeno predznanje. Prikaz je bil povezan tudi s
spremembami porazdelitve odgovorov: kadar je bil skladen z
obstojeim soglasjem, se je koncentracija odgovorov povecala,
kadar je bil z njim v nasprotju, pa se je porazdelitev bolj razprsila.
Rezultati so skladni s teorijami informacijskega socialnega vpliva in
agregacije mnenj ter so pomembni za nacrtovanje spletnih platform,
informacijskih sistemov in sistemov za podporo odlo¢anju.

Kljuéne besede

informacijski socialni vpliv, oblikovanje mnenj, digitalne platforme,
kolektivno odlocanje, sistemi za podporo odlo¢anju

Abstract

In digital environments, users are frequently exposed to aggregated
social signals such as ratings, popularity indicators, and majority
opinions. Such signals may influencejudgmentand decision-making
even without direct interpersonal interaction. This study examined
whether an alleged average of other participants’ responses affects
expressed attitudes and whether the effect varies by age and self-
assessed prior knowledge. A quasi-experimental study was
conducted with 456 participants who completed either a control (n =
213)oran experimental (n=243)version of an online questionnaire.
Participants evaluated nine statements concerning technology,
ethics, and personal values on a continuous agreement scale from 0
to 100. In the experimental condition, each statement was
accompanied by a graphical display of an alleged average response
from previous participants. For eight of the nine items, the
experimental-group mean was closer to the displayed value than the
control-group mean; six between-group differences were
statistically significant. The effect did not differ significantly by age
or self-assessed prior knowledge. The displayed signal was also
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associated with changes in response distributions: distributions
became more concentrated when the signal was consistent with an
existing consensus and more dispersed when it conflicted with that
consensus. The findings are consistent with theories of informational
social influence and opinion aggregation and have implications for
the design of online platforms, information systems,
recommendation interfaces, and decision-support systems.

Keywords

social influence, opinion formation, digital platforms, collective
decision-making, information systems, informational social
influence

1 Uvod

Digitalni vmesniki informacije pogosto umescajo v druzbeni
kontekst. Izdelke, novice, zabavne vsebine in javne razprave
spremljajo ocene, kazalniki priljubljenosti, Stevilo odzivov in
oznake, kot je »vecina uporabnikov se strinja«. Ti prikazi
uporabnikom olaj$ajo orientacijo, hkrati pa Se pred oblikovanjem
samostojne presoje nakazejo, katero stalis¢e prevladuje. Prikazano
povpredje zato ne opisuje le odgovorov drugih, temve¢ lahko
postane referen¢na tocka za naslednjega uporabnika. Ko se novi
odgovori vklju€ujejo v skupni prikaz, se lahko vzpostavi povrata
zanka: socialni signal za¢ne deloma soustvarjati mnenjski vzorec, ki
naj bi ga zgolj prikazoval.

Oblikovanje mnenj ni zgolj individualni proces, temvec¢ poteka v
socialnem okolju. Kadar je vprasanje negotovo ali zahtevno, lahko
posameznik mnenje drugih uporabi kot dodatno informacijo, saj
domneva, da imajo drugi boljSe ali popolnejSe podatke. Tak
informacijski socialni vpliv se razlikuje od normativnega vpliva, pri
katerem se posameznik prilagodi predvsem zaradi Zelje po
sprejetosti ali strahu pred zavrnitvijo [3, 5]. Klasi¢ni poskusi
konformizma [1] so pokazali, da lahko mnenje ve€ine spremeni
izrazene odgovore celo pri preprostih zaznavnih nalogah. V
digitalnih okoljih podobno vlogo opravljajo povpreéne ocene,
Stevilo vSeckov in prikazi vecinskega staliS¢a, ceprav neposredne
skupinske interakcije ni.

Kelman [5] razlikuje tri oblike vpliva: prilagoditev zaradi
pricakovanih nagrad ali kazni, identifikacijo, ki temelji na Zelji po
pripadnosti, in ponotranjenje, pri katerem posameznik mnenje
sprejme kot lastno. Ta razdelitev pojasnjuje, zakaj lahko zaznano
druzbeno soglasje spremeni izrazen odgovor tudi brez neposrednega
pritiska, ne pove pa nujno, kako trajna ali globoka je sprememba.
Dovzetnost za socialni vpliv je lahko povezana tudi z razvojnimi in
kognitivnimi dejavniki: mladostniki so v povprecju obcutljivejsi na
mnenje vrstnikov [10], posamezniki z ve¢ znanja in veéjim
zaupanjem v lastno presojo pa naj bi bili odpornejsi na zunanje
informacije [8, 9]. Model verjetnosti poglobljene obdelave podobno
predvideva,daimajo obrobninamigivecjo vlogo, kadar posameznik
nima dovolj motivacije, znanja ali gotovosti za poglobljeno presojo
[12]. Na tej podlagi smo starost in predznanje vkljucili kot mozna
moderatorja, pri ¢emer smo upostevali, da samoocena znanja ni
enaka objektivno izmerjeni kompetentnosti.

Formalni modeli oblikovanja mnenj to dinamiko opisujejo
natanc¢neje. DeGrootov model predpostavlja, da posamezniki svoja



mnenjaposodabljajo zutezenim povprecenjemstalis¢ oseb v svojem
socialnem omrezju; pod dolo¢enimi pogoji se zato mnenja
priblizujejo konsenzu [4]. Modeli omejenega zaupanja pa
predvidevajo, da ljudje upostevajo predvsem stalis¢a, ki so dovolj
blizu njihovim. Ce je zunanji signal preve¢ oddaljen, ga lahko del
posameznikov zavrne, zato se namesto enotnega soglasja ohrani ve¢
lo¢enih mnenjskih skupin [6]. Empiri¢ne raziskave kazejo, da lahko
ze opazovanje ocen drugih sistemati¢no spremeni izrazene presoje
in vpliva na porazdelitev mnenj v skupini [9].

bodo dovzetnejsi za prikazani socialni signal kot starejsi; (H2)
ucinek bo vecji pri udelezencih z nizjim samoocenjenim
predznanjem; (H3) povpredja eksperimentalne skupine bodo blizje
prikazanemu povprecju kakor povprecja kontrolne skupine; (H4)
kadar bo prikazana vrednost v nasprotju z zacetnim soglasjem, se bo
razprSenost odgovorov povecala.

2 Metoda

2.1 Udelezenci in nacrt

V raziskavi je sodelovalo 456 oseb: 213 v kontrolni in 243 v
eksperimentalniskupini. Slovenskain angleska razli¢ica vprasalnika
sta bili med 1. 12. 2025 in 25. 2. 2026 posredovani dijakom
Gimnazije Bezigrad ter objavljeni na druzbenih omrezjih Facebook
in Instagram. Udelezba je bila prostovoljna in anonimna. V obeh
skupinah so prevladovali starejsi dijaki, Zenske pa so predstavljale
65,3 % kontrolne in 56,0 % eksperimentalne skupine, zato
priloZnostni vzorec ni demografsko reprezentativen. Raziskava je
bila zasnovana kot kvazieksperiment z dvema neodvisnima
skupinama. Neodvisna spremenljivka je bila prisotnost prikaza
domnevnega povprecja prej$njih odgovorov, odvisna spremenljivka
pa stopnja strinjanja s posamezno trditvijo. Ker udelezenci niso bili
naklju¢no razporejeni med pogoja, je pri vzro¢ni razlagi potrebna
previdnost. Ker sta se vprasalnika razlikovala le po prikazu
domnevnega povpredja, pa primerjava omogoca oceno povezanosti
tega socialnega signala z odgovori.

2.2 Gradivo in postopek

Obe skupini sta na kontinuirani lestvici od 0 (sploh se ne strinjam)
do 100 (popolnoma se strinjam) ocenili devet trditev iz treh
tematskih sklopov: vpliv tehnologije na vsakdan, etika in druzbene
dileme ter osebne odlo¢itve in vrednote. Eksperimentalna skupina je
ob vsaki trditvi videla Se grafi¢ni prikaz domnevnega povprecja
dosedanjih odgovorov (v analizah oznacen kot sidro; prikazane
vrednostiod 11 % do 92 %; Slika 1, Tabela 1), kontrolna skupina pa
je ocenjevala iste trditve brez tega podatka. Udelezenci so za vsak
tematski sklop podali tudi samooceno poznavanja teme (dobro,
srednje ali slabo).

Tabela 1: Devet trditev in prikazane povpreéne vrednosti
Table 1: The nine statements and displayed average values

. oy Prikaz
Vpr. | Trditev (skraj$ano) (%)
Uporabil/-a biaplikacijo z umetno inteligenco, ki bi
V1 . . . 78 %
napovedala ujemanje s partnerjem.
V2 Pnpr'avljen/—a bibil/-a ziveti v popolnoma virtualnem 19%
okolju.
Ljudem bimorali dovoliti tehnoloske vsadke za o
V3 - L . 11%
povecanje kognitivnih sposobnosti.
V4 Iv;br.al/ja bivarno, povpreéno pla¢ano in nestresno 68 %
zivljenje.
Vsak ima pravico izrazati svojo identiteto, tudi ¢e je za o
V5 . 15 %
vecino nenavadna.
V6 Ce m1. nekaj povzroca stres, je prav, da to preprosto 82 %
opustim.
V7 | Raje povem resnico, tudi ¢e s tem nekoga prizadenem. | 36 %
V8 | Ce nekdo ne spostuje mojih vrednot, prekinem odnos. 25%
V9 | Sprejemni izpiti so pravi¢énejsinacin izbire kandidatov.| 92 %

Opomba: VI-V3 —vpliv tehnologije; V4—V6 — etika in druzbene dileme; V7-V9 —
osebne odlocitve in vrednote.
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Slika 1: Rekonstrukcija prikaza domnevnega povprecja
prejsSnjih odgovorov (primer: 78 %)
Figure 1: Reconstruction of the alleged average response displayed
to participants (example: 78%)

2.3 Analiza podatkov

Ali se ucinek prikaza razlikuje glede na starost (H1) ali
samoocenjeno predznanje (H2), smo preverili z dvofaktorskima
analizama variance (skupina X starostna skupina oziroma skupina x
predznanje); klju¢en je bil interakcijski ¢len. Povezanost med
predznanjem in priblizevanjem prikazani vrednosti smo dodato
preverili s Spearmanovo korelacijo. H3 smo pri vsaki postavki
posebej preverili z Welchovim t-testom, saj se je prikazana vrednost
med postavkami razlikovala. P-vrednosti niso bile popravljene
zaradi veCkratnega testiranja. Pri H4 smo spremembe porazdelitev
opisali z entropijo, modalnim delezem in Stevilom lokalnih vrhov.
Vi§ja entropija pomeni vecjo razprSenost, visji modalni delez pa
vecjo koncentracijo odgovorov; analiza H4 je bila zato predvsem
opisna.

3 Rezultati

Vpliv prikazanega povprecja (H3). V podatkih se je najjasneje
pokazalo priblizevanje prikazani vrednosti: pri osmih od devetih
postavk je bilo povprecje eksperimentalne skupine blizje
prikazanemu povprec¢ju kakor povprecje kontrolne skupine, pri
Sestih postavkah pa je bila razlika statisti¢éno znacilna (Tabela 2,
Slika 2). Najvecja razlika med skupinama je bila pri V1 (+16,60
tocke; p < 0,001), pri kateri je prikazana vrednost znasala 78 %. Pri
visokih prikazanih vrednostih (V1, V6 in V9) so bila povprecja
eksperimentalne skupine visja, pri nizkih (V5, V7 in V8) pa nizja.
V3 je bila edina postavka, pri kateri povprecje eksperimentalne
skupine ni bilo blizje prikazani vrednosti, vendar je bila razlika
majhna in statisticno neznacilna.

Tabela 2: Povprecni odgovori kontrolne in eksperimentalne
skupine pri devetih postavkah

Table 2: Mean responses in the control and experimental groups
across the nine items

vr. P:‘:/lz;lz ko ni:'/lolna ekspl\e/lrim. Razlika | Smer P
V1 78 26,66 43,26 +16,60 v <0,001
V2 19 20,18 16,05 —4,13 v 0,095
V3 11 20,91 21,73 +0,82 X 0,773
\Z: 68 31,59 34,42 +2,83 v 0,338
V5 15 56,47 47,02 —9.,45 v 0,010
Vo6 82 34,36 41,86 +7,50 NG 0,016
V7 36 52,04 45,81 —6,23 v 0,044
V8 25 43,94 36,99 -6,95 v 0,018
V9 92 51,61 62,35 +10,74 v 0,002

Opomba: v/~ povpredje eksperimentalne skupine je bliZje prikazani vrednosti; X —
povprecje je od nje bolj oddaljeno; M — aritmeticna sredina odgovorov (0—100). P-
vrednosti niso prilagojene za veckratno testiranje.



I sidro Q kontrolna (M) @ eksperimentalna (M)

V1 o—e
V2 ep ns
vi{i | @ ns
\Z oe | ns
V5 | o =
V6 - o—e | *
V7 A | eo *
V8 - | eo *
V9 A o—e | =
0 20 40 60 80 100

strinjanje (0-100)

Slika 2: Povprecja kontrolne in eksperimentalne skupine ter
prikazane vrednosti po postavkah
Figure 2: Control and experimental group means and displayed
values by item (*** p <.001; ** p <.01; *p <.05; ns — not significant)

Starost (H1). Interakcija med skupino in starostno skupino ni bila
statisticno znacilna (p = 0,808; n? = 0,004). Pri najStevilénejsih
starostnih skupinah (15—17 in 18 let) so bile razlike med pogojema
majhne, rezultat najmlajSe skupine (<14 let) pa zaradi le petih
udelezencev ni zanesljiv (Tabela 3). H1 zato ni bila podprta.

Tabela 3: Razlike med skupinama po starostnih kategorijah
Table 3: Between-group differences by age category

Starost n eksp. | n kont. Razlika p
<14 2 3 —22.8 0,055
15-17 104 98 +1,8 0,481
18 59 39 +1,0 0,797
19-30 67 23 +9.8 0,064
31+ 11 39 +0,3 0,969

Opomba: Razlika — povprecje eksperimentalne skupine minus povprecje kontrolne
skupine.

Samoocenjeno predznanje (H2). Priblizevanje prikazanemu
povprecjujebilo opaznoprivseh ravneh predznanja, interakcija med
skupino in predznanjem pa ni bila statisticno znacilna. Tudi
Spearmanova korelacija med samoocenjenim predznanjem in
priblizevanjem prikazani vrednosti je bila §ibka in neznacilna (r; =
—0,055;p=0,167), tako skupno kot po tematskih sklopih. Korelaciji
pri V7 in V9, ki sta dosegli statisticno znacilnost, sta bili majhni in
nista kazali enotne smeri, zato ne podpirata sploSnega
moderatorskega u¢inka. H2 ni bila podprta.

Struktura porazdelitve (H4). Sprememba porazdelitve odgovorov
je bila odvisna od odnosa med prikazano vrednostjo in zacetnim
vzorcem odgovorov (Slika 3). Pri V1 in V5, kjer je bila prikazana
vrednost v nasprotju s prevladujo¢im vzorcem v kontrolni skupini,
se je entropija povecala (+0,33 oziroma +0,38), modalni delez pa
zmanjsal (0,213 oziroma —0,155), kar kaze na vecjo razprSenost in
oslabitev zacetnega soglasja. Pri V2, kjer je bil prikaz skladen z
zaCetnim soglasjem, se je entropijazmanjsala (—0,19), modalnidelez
pa povecal (+0,049). Pri V9, kjer izrazitega zacetnega soglasja ni
bilo, sta nizja entropija (—0,44) in vi§ji modalni delez (+0,102)
pokazala vecjo koncentracijo odgovorov. Rezultati zato H4
podpirajo le delno: vecja razprSenost se je pojavila predvsem takrat,
ko je bil prikaz v nasprotju z zacetnim mnenjskim vzorcem; v drugih
primerih se je koncentracija odgovorov lahko povecala (Tabela 4).
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Tabela 4: Izbrane spremembe porazdelitve odgovorov
(eksperimentalna - kontrolna skupina)
Table 4: Selected changes in response distributions (experimental —
control group)

Vpr. | A entropije A n:](:li:il:ega Rasz;zf:i;eado Izid

\%! +0,33 -0,213 neskladje razprsitev
V2 —-0,19 +0,049 skladje koncentracija
\'Al +0,38 -0,155 neskladje razprsitev
V9 —0,44 +0,102 brez soglasja koncentracija

Opomba: Razmerje do soglasja opisuje odnos med prikazano vrednostjo in zacetnim
vzorcem odgovorov kontrolne skupine.

Slika 3: Sprememba entropije in modalnega deleza
(eksperimentalna — kontrolna skupina)
Figure 3: Changes in entropy and modal share (experimental —
control group)
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Vsebinske razlike med postavkami. Najvecja absolutna razlika
med skupinama se je pri V1 nanaSala na uporabo aplikacije umetne
inteligence za napoved ujemanja s partnerjem: povpre¢na ocena je
bila v eksperimentalni skupini 43,26, v kontrolni pa 26,66, pri cemer
je bila porazdelitev v eksperimentalni skupini bolj razprSena. Pri V9
(pravi¢nost sprejemnih izpitov) je bilo povpreéje eksperimentalne
skupine prav tako blizje visoki prikazani vrednosti, odgovori pa so
bili bolj zgosc€eni. Pri V5, V7 in V8, pri katerih so bile prikazane
nizke vrednosti, so bila povprecja eksperimentalne skupine nizja od
kontrolnih. V3 in V4 kazeta, da u¢inek ni bil enoten: razliki sta bili
majhni, pri V3 pa je bilo povprecje celo nekoliko bolj oddaljeno od
prikazane vrednosti. Ena od moZznih razlag je vecja utrjenost stalis¢a
ali psiholoska reaktanca na zelo nizko prikazano vrednost, vendar
tega v raziskavi nismo neposredno preverjali. Velikost razlike med
skupinama je bila torej verjetno povezana tudi z vsebino postavke in
oddaljenostjo prikazane vrednosti od zacetnega mnenjskega vzorca.

4 Razprava

Rezultati so skladni z razlago informacijskega socialnega vpliva [2,
3]. Ker udelezenci niso bili v neposredni interakciji in niso bili
izpostavljeni oé¢itnemu skupinskemu pritisku, je bil normativni
pritisk verjetno omejen. Kljub temu so bila povpreda
eksperimentalne skupine pri osmih od devetih postavk blizje
prikazanim vrednostim kakor povprec¢ja kontrolne skupine. Tak
vzorec je skladen z DeGrootovo zamislijo, da posameznik mnenje
drugih vkljuéi v lastno presojo kot dodaten vir informacij [4, 9].
Spremembe entropije in modalnega deleza dodatno kazejo, da prikaz
ni bil povezan le z razlikami v povprec¢ju: prikaz, skladen z zacetnim
vzorcem, je povecal koncentracijo odgovorov, nasprotujocprikaz pa
joje pri V1 in V5 zmanjsal. TakSen vzorec je skladen s selektivno
obravnavo neskladnih informacij [7] ter z modeli agregacije in
omejenega zaupanja [6], manj pa s klasi¢no skupinsko polarizacijo,
ki navadno vkljuCuje razpravo in izmenjavo argumentov [11].
Premik pri VS5 je posebej zanimiv, saj kaze, da tudi javno izraZzena
stali$¢a o vrednotnih vprasanjih niso nujno neodvisna od zaznane
druzbene norme.



4.1 Starost in samoocenjeno znanje

Ker interakciji skupine s starostjo in samoocenjenim predznanjem
nista bili statisticno znacilni, H1 in H2 nista bili podprti. To ne
pomeni, da starostin znanje na splo$no nista povezana z odpornostjo
proti socialnemu vplivu [8, 10]. Starostne skupine so bile mo¢no
neuravnotezene, zato je bila statisticna mo¢ analiz omejena zlasti pri
najmlajsih in najstarejSih udelezencih. Samoocena znanja poleg tega
meri predvsem subjektivni obCutek poznavanja teme, ki se lahko
razlikuje od dejanske kompetentnosti [8]. Odsotnost statisticno
znacCilne moderacije je zato treba razumeti ozko: v tem vzorcu se
ucinek ni razlikoval glede na samooceno znanja, ne moremo pa
sklepati, da je objektivna strokovnost nepomembna. V prihodnjih
raziskavah bi bilo smiselno lo¢eno meriti dejansko znanje, gotovost
pri posameznem odgovoru, osebno pomembnost teme in zaznano
verodostojnost prikaza.

4.2 Pomen za digitalna okolja

Povpreéne ocene, Stevilo odzivov in oznake »vecina se strinja«
uporabniku ne opisujejo le vedenja drugih, temve¢ sooblikujejo tudi
okolig&ine njegove presoje. Ce sistem najprej prikaze agregat in Sele
nato zahteva oceno, lahko del opazenega soglasja nastane prav
zaradi vrstnega reda prikaza. Tako se lahko vzpostavi povratma
zanka: zaéetni, morda nakljuéni ali manipulirani signal vpliva na
nove odgovore, ti pa nato povecujejo njegovo navidezno
verodostojnost. Pri nacrtovanju platform bi bilo zato smiselno
razmisliti o zbiranju prve ocene pred prikazom mnenja drugih,
prikazu celotne porazdelitve namesto enega povprecja ter jasni
navedbi velikosti in sestave vzorca. Pri vsebinah z vecjimi
posledicami bi lahko uporabnikom omogo¢ili tudi skrivanje
kazalnikov priljubljenostiali pojasnili, kako je bilagregat izracunan.
Taksniukrepine bi preprecili koristnega socialnega u¢enja, lahko pa
bi zmanjsali nekriticno sledenje vecini. Rezultat pri V5 si zasluzi
posebno pozornost: nizka prikazana vrednost je bila povezana z
nizjim strinjanjem s trditvijo o pravici do izrazanja nenavadne
identitete, Ceprav je bila kontrolna skupina razmeroma podporna. To
ne dokazuje trajne spremembe moralnega prepric¢anja, kaze pa, da so
javno izrazena stalis¢a o vrednotnih vpraSanjih lahko obcutljivana
zaznane norme. Kadar vidni odzivi sooblikujejo, kaj si uporabniki
upajo izraziti, lahko metrike platform vplivajo tudi na ozracje
javnegamnenja. Posebna previdnostje zato potrebna privrednotnih,
zdravstvenih in politiénih vsebinah, kjer lahko agregirani kazalniki
ustvarijo vtis, da je prevladujoce staliS¢e tudi pravilno.

4.3 Omejitve in nadaljnje raziskave

Moznost posploSevanja rezultatov omejujejo nerandomizirana
razporeditev med pogoja, pridobivanje udelezencev prek ene Sole in
druzbenih omreZij, nereprezentativna starostna in spolna sestava
vzorca ter uporaba samoocene namesto objektivnega merila znanja.
Raziskava je merila trenutno izrazena stali§¢a, ne njihove trajnosti
ali ponotranjenja [5]. Prav tako nismo neposredno preverili, ali so
udeleZenci prikazanim povpreéjem verjeli. Devet vsebinsko
razli¢nih postavk omogoca primerjavo ve¢ podrocij, vendar vsako
podroc¢je zastopa le malo postavk, zato ugotovitev ni mogoce
preprosto posplositi na vse tehnoloske, eti¢ne ali vrednotne presoje.
Metodolosko strozja nadaljnja raziskava bi udelezence naklju¢no
razporedila med pogoje, izmerila njihova izhodis¢na mnenja,
sistemati¢no spreminjala oddaljenost in verodostojnost prikaza ter
vkljucila objektivno merilo znanja in gotovost pri posameznem
odgovoru. Zakasnjeno ponovno merjenje bi pomagalo razlikovati
med zacasnim sidranjem in trajnejSo spremembo stali§¢a, zaporedni
eksperimenti, v katerih odgovori ene skupine dolo¢ijo prikaz za
naslednjo, pa bi omogo¢ili neposredno preucevanje povratnih zank.

5 Zakljucéek

Pri osmih od devetih postavk je bilo povprecje eksperimentalne
skupine blizje prikazani vrednosti kakor povprecje kontrolne
skupine, pri Sestih postavkah pa je bila razlika statisti¢no znacilna.
Ucinek se ni statisticno znacilno razlikoval glede na starost ali
samoocenjeno predznanje. Povezava med prikazano vrednostjo in
porazdelitvijo odgovorov ni bila enotna: kadar je bil prikaz skladen
z zacCetnim mnenjskim vzorcem, se je koncentracija odgovorov
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povecala, kadar je bil z njim v nasprotju, pa se je porazdelitev lahko
bolj razprsila.

Raziskava nadgrajuje obstojece razumevanje oblikovanja mnen;j v
digitalnih okoljih z empiri¢énimi eksperimentalnimi dokazi o vplivu
agregirane socialne povratneinformacije. Polegtega analizira starost
in samoocenjeno znanje kot mozna moderatorja tega vpliva ter
pokaze, da digitalni socialni signali vplivajo ne le na povprecno
izrazena stalisCa, temvec tudi na SirSo strukturo in koncentracijo
porazdelitve mnenj. Agregirana socialna povratna informacija zato
ni zgolj opisna; v digitalnih okoljih odlo¢anja lahko postane aktiven
dejavnik oblikovanja javno izraZzenih mnenj. To spoznanje je
pomembno tako za teorije socialnega vpliva kot za odgovomo
nacrtovanje informacijskih sistemov, priporo¢ilnih vmesnikov in
sistemov za podporo odlo¢anju.
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Abstract

The relationship between intelligence and consciousness remains
an open question across cognitive science, neuroscience, and ar-
tificial intelligence. This study explores a comparative scoring
framework across 15 selected species. A cognitive-evidence index
combines behavioral-test outcomes, tool use, and neuron-count
categories, while a separate heuristic profile organizes compara-
tive descriptions under five IIT-inspired dimensions, with large
language models serving as analytical aids. Pearson and Spear-
man correlations indicate a positive association between the
resulting indices. However, the cognitive index is not a validated
measure of general intelligence, the IIT-inspired profile is not
a direct measurement of consciousness or integrated informa-
tion, and the two indices draw partly on overlapping evidence.
The findings therefore describe exploratory concordance within
the proposed scoring framework rather than an independently
established relationship between intelligence and consciousness.

Keywords

cognitive performance, large language models, consciousness,
intelligence, IIT

1 Introduction

The relationship between intelligence and consciousness is a
fundamental but unresolved question in cognitive science, neu-
roscience, philosophy of mind, and artificial intelligence. Intel-
ligence is generally associated with the capacity to learn, solve
problems, adapt to changing conditions, and use information to
achieve goals. Consciousness, by contrast, refers to the presence
and organization of subjective experience. Although these capac-
ities often appear together in humans and other animals, they are
conceptually distinct, and their relationship cannot be assumed
to be direct or causal.

Comparative research across species provides a useful frame-
work for examining this relationship. Animals differ substan-
tially in memory, behavioral flexibility, self-related processing,
inhibitory control, tool use, and problem-solving ability. How-
ever, no single behavioral task provides a complete or species-
neutral measure of intelligence, because performance may de-
pend on sensory abilities, motivation, ecological specialization,
prior experience, and experimental design. Brain size and neuron
count indicate the biological resources available for information
processing, but cognitive performance also depends on neural
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organization, connectivity, functional specialization, recurrent
interactions, and information integration. Cognitive capacity is
therefore better evaluated through a combination of behavioral
and neurobiological indicators rather than biological scale alone.

The assessment of consciousness presents an even greater
methodological challenge because subjective experience cannot
be directly observed from an external perspective. Behavioral
complexity may indicate advanced information processing, but it
does not establish the presence, content, or degree of conscious
experience. Comparative investigation therefore requires an ex-
plicit theoretical framework that identifies properties relevant
to consciousness and translates them into criteria that can be
evaluated using available evidence.

Integrated Information Theory provides one possible frame-
work for such an analysis. It characterizes conscious experience.
These properties correspond to the theory’s phenomenological
axioms. The theory emphasizes that consciousness depends not
simply on the amount of processing performed by a system, but
on how its elements form an integrated causal structure. Di-
rect calculation of integrated information for the whole brains
of different species is currently impractical because it would
require detailed knowledge of their complete causal organiza-
tion. Theory-informed proxy assessments can instead provide
a structured means of examining how behavioral and neurobio-
logical evidence corresponds to selected properties of conscious
processing. Such assessments are not direct measurements of
consciousness or formal calculations of integrated information.
Large language models may assist in organizing heterogeneous
evidence.

2 Related work

A broad scoping review identifies dozens of competing theories
of consciousness, highlighting persistent disagreement over defi-
nitions, mechanisms, and explanatory scope [1, 2]. Research on
neural correlates of consciousness (NCC) has identified candi-
date mechanisms associated with conscious perception, but their
interpretation remains contested, complicating efforts to relate
subjective experience to intelligent behavior [3]. In neuroscience
and cognitive science, Global Workspace Theory (GWT) proposes
that consciousness arises when information is globally broadcast
across distributed systems, enabling flexible integration, cog-
nitive control, reportable awareness, and coordination among
otherwise modular processes [4]. Supporting evidence empha-
sizes recurrent processing and large-scale cortical integration,
although GWT’s neural implementation and explanatory suffi-
ciency remain debated [5]. Higher-order theories (HOT) hold that
conscious states require higher-order representations of lower-
order mental states, linking awareness to metacognitive or rep-
resentational capacity [6]; predictive-processing and re-entrant
theories instead emphasize top-down and bottom-up interactions
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that minimize prediction error and connect consciousness with
attention and intelligence. By contrast, Integrated Information
Theory (IIT) defines consciousness in terms of integrated causal
structure, quantified by the informational measure ®, and al-
lows consciousness to dissociate from behavioral sophistication
[7]. Recent adversarial and comparative studies have directly
contrasted GWT-, HOT-, and IIT-based predictions, sharpening
their differences while leaving the mechanisms of consciousness
unresolved [8, 9].

Alongside these competing accounts, integrative perspectives
seek to reconcile global broadcasting, predictive processing, atten-
tion schema approaches, and internal world-modeling, suggest-
ing that consciousness and intelligence may rely on overlapping
enabling mechanisms without standing in a simple identity re-
lation [10, 5]. Although intelligent behavior can clearly occur
without conscious awareness, many researchers agree that, in
biological systems, consciousness often complements advanced
cognition by supporting flexible integration, self-monitoring, and
adaptive control, even as the precise relationship remains unre-
solved [5].

3 Methodology

According to Integrated Information Theory (IIT), as developed
by Tononi and colleagues, consciousness is grounded in a set of
phenomenological axioms—fundamental properties that every
conscious experience must satisfy. These axioms are intended to
be self-evident features of subjective experience itself and serve
as the conceptual basis for corresponding physical postulates that
a system must satisfy in order to be conscious. We distinguish
intelligence as a broad capacity for learning, problem solving, and
adaptation from the cognitive score used in this study. The latter
is an operational index combining selected behavioral findings
with a coarse indicator of neural resources. It therefore represents
evidence relevant to some aspects of intelligence, rather than
intelligence itself or a validated measure of general intelligence
across species. Accordingly, a higher cognitive score indicates a
higher aggregate score on the selected indicators; it does not im-
ply a proportionally greater level of intelligence. The five axioms
of IIT are as follows:

e Intrinsic existence: Conscious experience exists for itself.
It is intrinsic to the experiencing subject and does not
depend on observation by an external entity.

e Information: Every conscious experience is specific and
differentiated; it is defined by being this particular experi-
ence rather than any of the many other possible experi-
ences.

e Integration: Conscious experience is unitary and irre-
ducible. It cannot be decomposed into independent com-
ponents without losing the experience as a whole.

e Exclusion: Conscious experience is definite in both con-
tent and spatiotemporal extent. At any given moment,
there is a single, determinate experience rather than mul-
tiple overlapping ones.

e Composition: Conscious experience is structured, con-
sisting of multiple distinctions and relations that together
form a unified experiential whole.

The IIT axioms describe properties of experience, whereas the
corresponding physical postulates concern the causal organiza-
tion of the substrate supporting that experience [11, 12]. Behav-
ioral capacities are therefore not equivalent to the axioms. In this
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study, the axiom names provide an organizing framework for
a heuristic comparative assessment, rather than independently
measurable behavioral criteria.

The proposed connection is conceptual: information motivates
attention to differentiated processing, integration to the coordi-
nation of information, and composition to structured relations
among represented contents. Descriptions of behavioral flexibil-
ity, neural organization, and complex cognition can inform such
a comparison, but they do not establish intrinsic information,
causal irreducibility, or the causal structure required by IIT. Thus,
these descriptions provide interpretive context rather than direct
measurements of the corresponding postulates.

Two distinctions are especially important. Intrinsic existence
does not mean reflective self-recognition: mirror-test perfor-
mance does not establish that a system has intrinsic cause—effect
power. Likewise, exclusion concerns the definite boundary and
spatiotemporal grain of a conscious substrate, not inhibitory
control or the selection of a single behavioral response. The be-
havioral tests included here do not directly assess either property.

Accordingly, self-recognition, theory of mind, metacognition,
and language are considered aspects of the comparative evidence,
not necessary or sufficient criteria for consciousness. The numer-
ical ratings are IIT-inspired heuristic judgments, not measure-
ments of how strongly an axiom is satisfied or calculations of ®.
LLMs served as analytical aids in this qualitative assessment, not
as independent measurements of consciousness.

For each species, the three behavioral-test outcomes were
scored as 2 for a clear pass, 1 for a partial or conditional pass,
and 0 for a failed test or a test that had not been conducted. Tool
use was scored as 2 for confirmed use, 1 for partial or limited
evidence, and 0 for no documented evidence. Neuron counts were
assigned to five ordered categories, from 0 for very low to 4 for
very high, using the ranges specified in Table 2.

The difference in scale resolution reflects the distinction be-
tween categorical behavioral evidence and categorized numerical
neuron-count estimates. Three levels capture the coarse evidence
distinctions reported for behavioral tests and tool use, whereas
five neuron-count categories retain a broader ordering of neural
resources. These are pragmatic ordinal coding conventions, not
empirically calibrated units of cognitive ability.

The cognitive score was calculated as

CiZMi+Oi+Di+Ti+Ni,

where M;, O;, and D; denote the mirror, novel-object-recognition,
and delay-of-gratification scores, respectively, T; denotes tool
use, and N; denotes the neuron-count category. Consequently,
neuron count has twice the maximum point contribution of any
individual behavioral component. This unequal contribution is
a consequence of the chosen coding scheme, not an empirically
established weighting of biological importance. Furthermore,
assigning zero to an untested case indicates an absence of credited
positive evidence, not demonstrated inability, making the index
sensitive to differences in research coverage.

Separately, the five IIT-inspired proxy dimensions were each
rated on a 1-10 scale and summed, giving a possible total of 5-50
(Table 1). To examine the association between the cognitive score
and the II'T-inspired proxy total, we used Pearson’s correlation
coefficient (p) and Spearman’s rank correlation coefficient (ps).
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The two indices were constructed using partly overlapping ev-
idence. The cognitive score assigns explicit points to behavioral-
test outcomes, tool use, and neuron-count categories, whereas
the IIT-inspired profile uses qualitative judgments informed by
some of the same behavioral and neurobiological descriptions.
For example, mirror-test evidence contributes to the cognitive
score and also informs the discussion of self-recognition used in
the proxy assessment. Neuron count enters the cognitive score
directly and was also considered as contextual neurobiological
information in the qualitative comparison.

The different scoring procedures therefore do not make the un-
derlying evidence independent. Shared evidence may contribute
to a positive association between the indices, although it does not
mathematically determine the sign or magnitude of the result-
ing correlation. The analysis consequently evaluates agreement
between partially dependent constructed indices, rather than
an independent association between measured intelligence and
measured consciousness.

4 Results

We calculated the scores with n = 15 species included in the
comparison. The two scores showed a strong positive association
across species:

p=0802,  ps=0.792.

The Pearson correlation indicates a strong approximately lin-
ear relationship between the two variables: species with higher
intelligence/cognitive-test scores tended to also have higher Tononi
style proxy scores. The squared Pearson correlation is:

r? =0.802% ~ 0.643,

which means that approximately 64% of the variance in the
Tononi/IIT-style proxy score is associated with the linear varia-
tion in the intelligence/cognitive score. This should be interpreted
as statistical association, not as a causal explanation.

The Spearman rank correlation was similarly high; this indi-
cates that the rank ordering of species was also broadly consistent
between the two scoring systems. In other words, species ranked
highly by cognitive-test evidence also tended to rank highly by
the I'T-inspired axiom profile.

Overall, the results indicate concordance between the cog-
nitive score and the IIT-inspired heuristic profile under the se-
lected scoring scheme. However, their partly shared evidence
base means that this concordance is not an independent valida-
tion of either index. The present analysis does not separate the
contribution of shared scoring evidence from any association be-
tween the underlying constructs. Similar Pearson and Spearman
coefficients do not resolve this dependence. The findings should
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therefore be interpreted as exploratory agreement between con-
structed indices, not as evidence that intelligence determines
consciousness or that the proxy total measures subjective experi-
ence.

A further limitation is that species are not statistically indepen-
dent data points, because closely related species share evolution-
ary history. Therefore, the correlation is useful as an exploratory
comparison, but a stronger comparative analysis would require
phylogenetic correction and independently measured neurobio-
logical variables.

The proxy scores in Table 1 were assigned through a two-
step heuristic comparison. Human ratings were fixed at 10 for
each dimension, giving a total of 50, and chimpanzee ratings
were assigned a total of 30, equivalent to a mean of 6 across the
five dimensions. These values are reference points within the
scoring scheme, not experimentally established percentages of
consciousness or integrated information.

The remaining species were positioned relative to these an-
chors using comparative descriptions of self-related processing,
behavioral flexibility, neural organization, and cognitive perfor-
mance. Such evidence informs the qualitative comparison but
does not provide an independently validated conversion into
numerical consciousness scores. In particular, a chimpanzee to-
tal of 30 relative to a human total of 50 does not establish that
chimpanzees possess 60% of human consciousness. Numerical
distances between species represent heuristic assignments rather
than calibrated differences in subjective experience.

5 Future Work

Several directions for future research follow naturally from the
present study. First, the proposed scoring framework for intel-
ligence and consciousness should be refined by incorporating
more fine-grained, empirically grounded measures. To explore
alternative operationalizations of consciousness derived from
competing theoretical frameworks beyond Integrated Informa-
tion Theory, such as Global Neuronal Workspace or higher-order
models. Second, the methodological dependence on large lan-
guage models as analytical aids warrants systematic evaluation.
Future studies should assess the sensitivity of the results to model
choice, prompting strategy, and training data, as well as examine
inter-model and inter-rater reliability when LLM-assisted assess-
ments are compared with expert human judgments. This would
help clarify the extent to which the observed correlations reflect
underlying biological patterns rather than artifacts of linguistic
or conceptual overlap. Third, the present analysis could be ex-
tended to a broader and more diverse set of biological species.
Future work should explore alternative statistical analyses and
robustness checks, including sensitivity analyses under differ-
ent scoring scales, partial correlations controlling for neural or
morphological variables, and longitudinal or developmental com-
parisons where data permit. Such extensions would strengthen
the interpretability of the results and contribute to a more nu-
anced understanding of the relationship between intelligence
and consciousness across natural systems.

A priority is to document evidence overlap at the level of
individual scoring decisions and repeat the analysis using non-
overlapping evidence sets. Independent assessors should assign
proxy ratings without access to the cognitive totals, although
blinding alone would not remove dependence if the underlying
evidence remained shared. Sensitivity analyses should also ex-
amine alternative component weights, the treatment of untested
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Table 1: IIT-inspired heuristic proxy profiles across selected species. Each proxy dimension is rated on a 1-10 scale, and the
total is the sum of the five ratings. The dimension names refer to IIT-inspired interpretive categories, not direct tests of the

axioms or calculations of ®.

Species Intrinsicality Information Integration Exclusion Composition Sum
Human (Homo sapiens) 10.0 10.0 10.0 10.0 10.0 50.0
Chimpanzee (Pan troglodytes) 7.5 7.0 55 5.0 5.0 30.0
Bonobo (Pan paniscus) 7.3 6.8 5.3 4.8 4.8 29.0
Orangutan (Pongo) 7.2 6.7 5.2 4.7 4.7 285
Bottlenose dolphin (Tursiops truncatus) 7.0 6.5 5.0 45 45 275
Gorilla (Gorilla gorilla) 6.9 6.4 49 44 44 27.0
African elephant (Loxodonta africana) 6.6 6.1 4.6 4.1 4.1 255
Raven (Corvus corax) 5.8 5.5 4.2 3.7 3.8 23.0
African grey parrot (Psittacus erithacus) 5.6 53 4.0 35 3.6 22.0
Dog (Canis familiaris) 5.2 4.9 3.7 3.2 35 20.5
Cat (Felis catus) 4.7 4.4 33 2.8 33 18.5
Sheep (Ovis aries) 43 4.0 3.0 2.5 2.7 16.5
Rat (Rattus norvegicus) 3.6 34 25 2.0 2.5 14.0
Mouse (Mus musculus) 33 3.1 2.3 1.8 2.0 12.5
Rabbit (Oryctolagus cuniculus) 3.1 2.9 2.1 1.6 1.8 11.5

Scoring note. The ratings are heuristic comparative judgments, not calibrated measurements of consciousness. Human ratings are fixed at 10 for each dimension,
giving a total of 50. Chimpanzee ratings sum to 30, corresponding to a mean of 6. These anchors are reference conventions within the scoring scheme.

cases as missing rather than zero, and the influence of the human
and chimpanzee reference anchors.

A further methodological objective is to make the translation
from theoretical concepts to proxy ratings explicit and repro-
ducible. For each IIT-inspired dimension, future studies should
specify the corresponding physical postulate, the empirical indi-
cator proposed to approximate it, the supporting evidence, and
the rule for assigning a numerical rating. Each proposed corre-
spondence should be treated as a hypothesis requiring validation,
rather than as an equivalence between a behavioral capacity and
an IIT axiom. Where no defensible empirical indicator is avail-
able, the dimension should be reported as unassessed rather than
inferred solely from general cognitive sophistication. Report-
ing dimension-specific profiles alongside aggregate totals would
also allow researchers to examine whether summation obscures
distinct patterns of capacities. This approach would make it pos-
sible to evaluate individual proxy dimensions separately, without
assuming that all dimensions have equal empirical support.

Future comparative datasets should also prioritize the compa-
rability and quality of evidence across species, rather than relying
only on a larger species count. Behavioral tasks should accom-
modate species-specific sensory, motor, and ecological charac-
teristics while retaining an explicitly defined cognitive target.
The evidence base should distinguish direct species-specific ob-
servations from numerical estimates and findings extrapolated
from related species, with uncertainty in these inputs propa-
gated to the resulting scores and correlations. With a sufficiently
broad sample, phylogenetically informed analyses could exam-
ine whether the association persists after accounting for shared
evolutionary history, while leave-one-species-out analyses could
assess its dependence on individual species. These checks would
complement, rather than replace, the separation of evidence used
to construct the two indices and would help establish the condi-
tions under which the proposed comparative framework yields
stable and interpretable results.

6 Conclusion

This study compared a cognitive-evidence index with an II'T-
inspired heuristic profile across 15 selected species. Using com-
parative behavioral and neurobiological descriptions, with large
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language models as analytical aids, the analysis identified a posi-
tive association between the two constructed indices.

The interpretation is limited by the heuristic scoring scales, the
selected reference anchors, and the partly overlapping evidence
used in constructing the indices. The cognitive score should not
be equated with general intelligence, and the IIT-inspired total
should not be interpreted as a measured degree of consciousness
or a calculation of ®. Agreement between Pearson and Spear-
man coefficients describes the observed association but does not
establish independence from these methodological choices.

The contribution is therefore an exploratory framework for
organizing comparative evidence and making its assumptions
explicit. Establishing whether a corresponding association per-
sists beyond shared scoring information requires independently
operationalized indicators, transparent evidence-to-score rules,
and sensitivity analyses.

More broadly, the study highlights a methodological distinc-
tion between the evidence available for a species, the theoretical
interpretation of that evidence, and the numerical representa-
tion chosen for comparison. Within the present framework, a
behavioral finding contributes an observation, its relevance to an
II'T-inspired dimension requires an interpretive argument, and
its translation into a rating introduces a further modeling choice.
Keeping these steps separate is essential for preventing appar-
ent numerical precision from being mistaken for direct access
to subjective experience. It also clarifies the role of LLMs: they
may support the organization and synthesis of comparative de-
scriptions, but the justification of a proxy remains dependent
on the evidence and assumptions underlying it, rather than on
the fluency or consistency of the generated assessment. The pro-
posed comparison should therefore be used to formulate ques-
tions about the relationship between cognitive capacities and
consciousness-related properties, not to establish a definitive hi-
erarchy of conscious experience. In particular, the framework can
help identify which proposed relationships warrant independent
investigation and where the available evidence is insufficient to
support a numerical distinction. Disagreement between indica-
tors or between alternative interpretations should be retained as
an informative feature of the comparison rather than resolved
solely to produce consistent aggregate scores.
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Abstract

This conceptual short paper proposes an empirical research
framework for the evidence-informed application of scent in
museums, galleries, and cultural heritage. It argues that scent
should not be treated merely as a reconstructed sample, an
informational object, or ambient diffusion. Instead, research
should examine how its relations to other sensory modalities
are temporally, spatially, semantically, and attentively
organised. Sensorial Language—a practice-derived artistic
methodology developed through long-term work with
multisensory compositions—provides a source of hypotheses
for this proposal, rather than a ready-made museum method. Its
practical observations suggest that the role of scent changes
according to its relations with sound, visual access, objects,
materiality, touch, narrative, and bodily movement. The paper’s
contribution is to translate selected principles of sensory
composition from artistic practice into candidate variables for
empirical investigation. It proposes that these variables be
tested, refined, and developed into a context-sensitive
framework for the design and evaluation of olfactory
interpretation in cultural settings. The proposal is situated in
to causal inference, crossmodal

relation multisensory

correspondences, and olfactory-visual semantic congruence.

Keywords

olfaction, perception, multisensory integration, causal

inference, sensory dramaturgy, Sensorial Language, art,
cultural heritage

1 From scent reconstruction to an evidence-
informed framework

Olfactory heritage research has established that smells can
constitute culturally meaningful heritage through their
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connections with places, objects, practices, communities, and
traditions [1]. It has also developed methods for identifying,
analysing, documenting, archiving, reconstructing,
presenting historic odours [2]. Museums and heritage
institutions increasingly use scents as reconstructed samples,

and

labelled olfactory objects, narrative prompts, scent stations, or
ambient diffusion. These approaches may make material and
intangible dimensions of the past accessible beyond images and
texts alone.

Yet historical identification or chemical reconstruction does
not determine how a scent will function in an exhibition or
artistic situation. A historically grounded scent may remain an
isolated object of identification, become a generic atmospheric
addition, compete with other information, or evoke associations
unrelated to an intended interpretative context. Work in
olfactory museology accordingly suggests that scent depends
not only on historical grounding but also on narrative framing,
visitor guidance, spatial conditions, delivery methods, and the
broader design of the encounter [3, 4].

This conceptual short paper proposes an empirical research
framework rather than reporting a completed experiment. Its
contribution is not the general claim that multisensory
presentation is preferable to isolated scent presentation. Rather,
it proposes a systematic translation of practice-derived
principles of sensory composition into operational variables
that can be isolated, compared, and empirically tested. The aim
is to support the later development of an evidence-informed,
context-sensitive method for olfactory interpretation in
museums, galleries, and cultural heritage.

2 Sensorial Language as a source of
hypotheses

Sensorial Language is a practice-derived artistic methodology
developed through approximately four decades of iterative
artistic work, public presentations, audience feedback, and
reflective refinement of multisensory compositions [5, 6]. Its
candidate variables emerged through observations of how
sensory relations were composed across varied situations,
including differences spatial organisation, temporal
sequencing, sensory prominence, audience movement,
narrative framing, and degrees of participant engagement. It

in

was developed for artistic practice, not as a validated method
for museums or heritage institutions. Its accumulated practice-
based knowledge does not constitute controlled causal
evidence, nor does it prescribe a ready-made museum method.

The relevance of Sensorial Language for the present
proposal lies in its practical observations about sensory
composition. In this practice, scent is used in relation to sound,
visual conditions, objects, materiality, touch, lighting,
temperature, textual and oral narrative, spatial organisation,
bodily movement, and interpersonal communication. Its
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perceptual role may vary with semantic reference, intensity,
duration, temporal entry, spatial source, distance from the
visitor, recurrence, and place in the attentional hierarchy of a
situation.

These observations provide hypotheses and candidate
variables for empirical investigation. The proposal is not that
museums should adopt an artistic practice unchanged. Rather,
selected practical insights should be operationalised, measured,
tested, refined, and translated into an evidence-informed
framework appropriate to museum, gallery, and heritage
conditions.

This distinction is particularly important because artistic
and heritage settings may pursue different interpretative aims.
In artistic practice, deliberate sensory incongruence or
counterpoint may be used to create tension, ambiguity, or new
associations. In heritage interpretation, by contrast, an
intentional departure from semantic or historical congruence
should be explicit, justified, and evaluated in relation to the
interpretative available  evidence, and
understanding.

aim, visitor

3 Candidate variables for empirical research

The proposed research framework distinguishes several
possible functions of scent. Scent may be presented as
information to be identified; as a material or historical trace; as
an atmospheric condition; as a contextual cue attached to an
object, place, or narrative; or as a modality that participates in
structuring attention, sequence, and bodily engagement. These
functions may overlap, but they should not be assumed to

produce identical visitor responses.

The central proposition is not that scent should always be
embedded in a multisensory configuration. Rather, when the
interpretative aim is to support semantic understanding,
narrative reconstruction, or later recall, scent is hypothesised to
be more effective when it is coordinated with relevant sensory
and narrative cues than when it is presented only as an isolated
informational sample or artefact. This proposition is a
hypothesis to be tested empirically, not a conclusion drawn
from the present paper.

For empirical purposes, sensory calibration should not mean
an intuitive judgement that a composition “works.” In the
present proposal, it refers to specified and controllable relations
among cues: for example, whether the scent and visual context
are semantically congruent or incongruent; whether cues are
temporally coordinated or uncoordinated; whether scent is
delivered from a fixed, localised source or diffusely through a
space; and whether the visitor can voluntarily engage with or
avoid the scent. Calibration can therefore be described through
variables rather than attributed solely to the judgement of a
designer.

Candidate variables include semantic congruence; intensity
and duration; temporal coordination; spatial source and
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distribution; distance and visitor control; visual access; acoustic
and tactile context; narrative framing; visitor movement;
recurrence; and the relative prominence of competing sensory
information. Such variables make it possible to move from
“adding

comparable configurations.

general claims about scent” toward specific,

The proposed framework does not assume that one
configuration is inherently superior. An isolated and labelled
scent may be appropriate when identification or material
documentation is the aim. Ambient diffusion may be
appropriate when an environmental context is intended,
provided that its intensity, circulation, accessibility, and
relation to other interpretative material are carefully
More  explicitly  directed  multisensory
configurations may be appropriate when the aim is to structure
attention, sequence perception, activate narrative relations, or
produce a situated bodily encounter.

considered.

The central research question is therefore: How do temporal,
spatial, semantic, and attentional relations among sensory cues
influence whether scent is integrated as a contextually
meaningful component of a cultural event, experienced as an
isolated object, or perceived as a competing stimulus?

The proposed hypothesis is that semantic congruence and
temporal coordination will each contribute to more accurate
semantic interpretation and better delayed recall. The strongest
outcomes are expected when scent, visual context, and
narrative framing are both semantically congruent and
temporally coordinated, indicating a possible interaction
between these factors. When these elements are incongruent or
temporally uncoordinated, semantic interpretation and delayed
recall are expected to be less accurate and less consistent.

4 Measuring and developing the framework

This question intersects with cognitive science because
multisensory perception is not a simple accumulation of
independent sensory signals. Perceivers must infer whether
signals from different modalities arise from a common cause or
from separate sources [7]. The integration or segregation of
sensory cues depends on inferences about their likely relation,
while temporal, spatial, semantic, and attentional factors may
influence this process [7, 8]. Fundamental work on
multisensory integration also emphasises that the combination
of sensory cues may enhance, suppress, or otherwise alter
responses, depending on the conditions of integration [9]. In
olfaction, semantically congruent visual context can facilitate
odour perception when identification is the relevant task [10].

Future empirical research should avoid changing all
candidate variables simultaneously. Instead, it could first use
controlled factorial comparisons. For example, semantic
congruence could be varied as congruent versus incongruent,
temporal coordination as coordinated versus uncoordinated,
and mode of presentation as isolated scent versus multisensory
context. Such comparisons would permit researchers to
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estimate the contribution of particular relations, rather than
attributing any observed difference to a globally “calibrated”
composition.

A first study could prioritise three primary outcomes: odour
identification or response time as an indicator of perceptual
attention; semantic interpretation or narrative reconstruction;
and delayed recall. Perceived pleasantness, emotional valence,
sensory presence, accessibility, and discomfort could be
collected as secondary outcomes. This narrower design would
reduce the risk of uninterpretable multiple comparisons while
retaining information about affective response and visitor
experience.

Future designs should also record relevant individual
differences and potential confounders, including anosmia or
hyposmia, prior familiarity with the scent, cultural associations,
age, previous exposure, and general odour-identification ability.
Such factors may influence responses independently of the
sensory configuration and should therefore be considered in
sampling, analysis, or both.

The proposed research framework also acknowledges that
exposure to scents may be inaccessible or uncomfortable for
some visitors, including people with anosmia, respiratory
sensitivities, or aversions to particular scents. Clear
communication and the possibility of freely choosing whether
to engage with scents should therefore be incorporated into the
design of the installation from the outset.

The results could then be used to evaluate and refine the
candidate variables derived from practice. The intended
outcome is not a universal formula for scent use. It is an
evidence-informed, context-sensitive method that helps
cultural institutions decide whether scent is appropriate, what
role it should have, how it should be delivered, which cues
should support or contrast with it, and how its effects should be
assessed for particular materials, narratives, spaces, and
audiences.

5 Conclusion

This paper proposes that practical observations from Sensorial
Language should be treated as a source of research hypotheses
rather than as a completed method for museums, galleries, and
cultural heritage. Its central contribution is a research pathway:
practice-derived observations can be translated into measurable
variables, tested through controlled comparative studies, and
developed into an evidence-informed framework for olfactory
interpretation.

The question for cultural institutions is therefore not simply
whether scent should be present. It is how scent should be
applied, evaluated, and adjusted in relation to space, time,
objects, narrative, bodily movement, visitor agency, and other
sensory modalities. A method developed through this process
could support more deliberate, accessible, and contextually
justified uses of scent in museums, galleries, and heritage
settings.
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Abstract

Electroencephalography (EEG) recordings carry subject-specific
information. In reality, we observe that inter-subject tasks are
more challenging than intra-subject ones, as classification ac-
curacy in this case is always lower due to subject variability.
This gap in accuracy is a major challenge for developing scalable
Brain-Computer Interfaces (BCIs). We investigated how autore-
gressive (AR) models’ training data affects the performance of
classification using innovative data and compared this with the
classification of raw EEG signals. For the classification model, we
selected EEGNet. We analyzed seven different types of data used
to extract AR models. The tests were performed for three differ-
ent tasks: eyes open versus eyes closed (EO/EC), resting versus
movement, and left versus right hand movement. We found out
that in some cases the gain of accuracy is considerable (EO/EC),
while in some cases the changes are not statistically significant
(movement tasks). We conclude that innovative signals may con-
siderably improve classification if AR models are computed from
the same kind of data that is later being classified.

Keywords

electroencephalography, autoregressive modelling, inter-subject
classification, EEGNet, innovative signal, brain-computer inter-
face.

1 Introduction

Electroencephalography (EEG) is a noninvasive biosignal acquisi-
tion technique widely used in neuroscience research and clinical
applications to help identify neurological disorders and analyze
cognitive processes [1]. While machine learning models can clas-
sify mental states and motor imagery from EEG signals [5], a
core challenge in EEG classification is inter-subject variability.
Brain signals vary significantly between individuals performing
the same task. The reason may be in different brain functioning
dependent on anatomical differences, brain connectivity patterns,
and other physiological factors. As a result, inter-subject models
(models trained to classify data from previously unseen subjects)
generally yield considerably lower accuracy than intra-subject
models (models trained and tested on data from the same indi-
vidual).

This performance gap is particularly relevant in Brain-Computer
Interfaces (BCls), neuroscience research, and especially applica-
tions in medical diagnosis, where testing must often be conducted
on subjects whose data cannot be collected in advance to train the
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models [4]. Traditionally, researchers use concepts like domain
adaptation to alleviate this problem by artificially adapting classi-
fication models to fit new individuals. We propose an alternative
approach to this problem. Instead of adapting complex models to
fit individuals, we aim to reduce the use of the subject-specific
information that causes the problems in the first place.

We tend to decompose information obtained from brain sig-
nals into static and dynamic components. Static ones include
subject specifics, intrasubject variation of neurophysiological
mechanisms, and various other, often unknown factors. The dy-
namic ones are expected to contain all the information of current
brain activity. In our approach, the static information is contained
in AR models, while the dynamic one is present in the innovative
signals, which are obtained as AR residual errors.

The AR model weights capture the predictable, static infor-
mation (reflecting who the person is), while the errors carry the
dynamic, task-related information (reflecting what they are do-
ing). Because knowing the static parameters of the AR model
allows us to completely reconstruct the raw EEG signal just from
these prediction errors, it means the errors contain all required in-
formation about EEG dynamics. Consequently, they are referred
to as innovative signals.

Because subject-specific information is primarily static, using
these innovative signals instead of raw EEG recordings should
reduce subject-specific noise and improve inter-subject classifi-
cation. We have analyzed the impact of replacing raw EEG data
with innovative signals on three classification tasks: eyes open
and eyes closed (EO/EC, a lower difficulty problem that often
serves as a sanity check for detecting methodological problems
of classification algorithms), rest and movement (T0/T1-T2, dis-
tinguishing resting from active motor tasks), and left and right
hand movement (T1/T2, distinguishing different motor move-
ment tasks performed with the left or right hand).

2 Methods
2.1 Autoregressive Modeling Strategy

To extract the dynamic information from brain activity, our
method relies on fitting a univariate Autoregressive (AR) model
to individual EEG signals. An AR model predicts the current
value of a raw EEG signal, y(t), as a linear combination of its p
most recent past values [2]:

p

y(t) = )" ay(t —i) +e(t)

i=1

1

This process produces two distinct components. First, it yields
a set of weights, a;, which represent the AR model itself. These
parameters define a transfer function that captures the static,
stable properties of the individual’s brain signal. Second, it yields
a residual error, e(t), representing the difference between the
predicted value and the actual observed value.
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This error sequence, e(t), is the innovation signal. It represents
the new, unpredictable information entering the system at any
given moment. Importantly, by applying the AR model weights qg;
as an infinite impulse response (IIR) filter to the innovation signal
e(t), we can perfectly reconstruct the raw signal y (). Therefore,
no dynamic task-related information is lost by transitioning from
the raw signal to the innovation signal.

Conventionally, for applications like computing Granger causal-
ity, AR models are estimated from individual signal recordings
or even very short window sections. In our proposed approach,
we wish to obtain a static model that best describes the subject’s
overall signal characteristics across various states. As this part of
information is expected to be static, it can be extracted from other
recordings, not necessarily the analyzed signals alone. This splits
the process into two steps: first, computing the AR model weights
a; from a chosen subset of training data; second, applying this
fixed model as an inverse filter across the subject’s remaining
data to compute the isolated innovation signals e(t) used for
classification.

2.2 Evaluation Approach

We evaluate the improvements of the classification capabilities
by comparing the classification results obtained by our proposed
approach (using innovation signals) against a baseline of classifi-
cation results on raw EEG data.

For classification of EEG data, we selected EEGNet [3], a widely
used convolutional neural network specifically designed for EEG
data. Its capabilities have been demonstrated in various EEG
classification tasks, making it an ideal, reliable evaluator for our
preprocessed signals. It is important that EEGNet was used with
parameters proposed by its authors, not to introduce any bias by
adapting to specific type of inputs.

In this phase, we used the following EEG recording types to
extract the AR models:

e Raw data: Raw EEG signal without AR modeling.

e Per-epoch AR: Model fitted locally on the short epoch
being classified.

e EO model: Model fitted on the subject’s eyes-open resting
data.

e EC model: Model fitted on the subject’s eyes-closed rest-
ing data.

¢ EO+EC model: Model fitted on both resting states com-
bined.

e Task T1/T2: Model fitted exclusively on active fist move-
ment epochs.

o Tasks and resting: Model fitted on all task recordings
(rest and movement).

o All data: Model fitted using all available recordings for
the subject.

Finally, we apply a one-way analysis of variance (ANOVA) to
the cross-validation accuracies to show whether the choice of AR
training data significantly affects the classification capabilities
compared to the raw baseline.

3 Results
3.1 Experimental Setup and Data

The experiments utilize the PhysioNet EEG Motor Movement/Imagery

Dataset [6], containing recordings from 109 healthy subjects from
64 channels at 160 Hz. Each subject completed resting runs (EO,
EC) and task runs where different sections correspond to rest
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(TO0), left fist movement (T1), and right fist movement (T2). Note
that T0, T1, and T2 segments come from the same continuous
recording session.

Preprocessing consisted of high-pass filtering at 1 Hz and
ICA-based artifact removal. Afterward, 19 standard 10-20 system
electrodes were retained.

For the AR modeling, we selected an order of p = 20, following
the recommendation to use a window size of 125 ms, above the
lowest recommended value of 100 ms. Signals were segmented
into 4-second epochs. EEGNet was trained for 30 training epochs
using the Adam optimizer with a mini-batch size of 50. Model
evaluation utilized a 5-fold cross-validation, repeated 6 times to
improve statistical analysis.

Table 1 summarizes the mean accuracies and standard devia-
tions across the 30 cross-validation results (5 foldsx6 repetitions).
Pairwise p-values comparing each strategy against the raw data
baseline are included to denote statistical significance.

4 Discussion

The primary objective of this study was to analyze the capabilities
of AR modeling for reducing the impact of subject variability on
classification of EEG data. The empirical observations across all
three tasks demonstrate that substituting raw EEG data with AR
innovation signals can improve inter-subject classification when
the discriminative information is concentrated in the dynamic
component of the brain signal.

For the EO/EC task, sustained alpha oscillations are static
properties of each of the two states, but when considered to-
gether, the differences between them are dynamic. By using the
same model for extracting innovative signal from both, the clas-
sification results improve, if only the models are related to the
analyzed brain states. Both, EO and EC models considerably im-
prove the results, while training the models on other types of
data, e.g., tasks, provides lower improvement. Interestingly, the
EC model performs slightly better than the EO+EC model (86.58%
vs. 86.48%); however, this marginal difference is likely noise, as
there is no significant difference between them (comparing them
provides a p-value of 0.835, which is greater than the 0.05 thresh-
old), though both provide highly significant improvements over
the raw baseline (p < 0.001). Whenever we use the same type
of data for training AR models as for the classification, the re-
sults are close to the maximum. By removing the static subject
traits, the classifier learned a general representation of the EO/EC
distinction across subjects.

For the T0/T1-T2 classification task, we can observe higher
mean accuracy when AR models are trained with task recordings
(reaching 80.44% for Task T1/T2 and 80.09% for Tasks and rest-
ing). However, the statistical significance of these results is low,
as p-values are much above 0.05, indicating that no significant
improvement can be claimed over the raw baseline.

Conversely, for the T1/T2 task, the innovative signals do not
show any decent improvement over raw signals. It is obvious
that differences between left and right-hand tasks are subtle. It
may be that these differences overlap with intra-subject variabil-
ity, causing the subtraction of static data to be less influential.
However, we can observe that using different types of data for
AR extraction maintains stable performance across all models
without severely degrading raw capabilities.

Furthermore, throughout all tests, the per-epoch AR strategy
consistently worsened classification. When the AR model is fit-
ted locally on a short 4-second segment, the model’s transfer
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Table 1: Mean classification accuracy (%), standard deviation, and pairwise p-values (vs. Raw data) across 30 cross-validation

results.

EO/EC T0/T1-T2 T1/T2

Training Data Strategy  Mean (Std)  p-val  Mean (Std)  p-val  Mean (Std) p-val
Raw data 80.52 (3.28) - 79.56 (2.70) — 78.92 (2.01)  —

Per-epoch AR 77.51 (3.83)  0.028 75.47 (2.24)  <0.001 78.55(1.96) 0.998
EO model 84.06 (3.91)  0.004  79.07 (2.05)  0.988  78.03 (2.46) 0.732
EC model 86.58 (2.89) <0.001 78.31(239) 0323  78.92(2.12) 1.000
EO+EC model 86.48 (3.17)  <0.001  79.24 (1.95) 0.999 78.41(1.78)  0.983
Task T1/T2 82.96 (4.53) 0.148  80.44 (1.92) 0.759  78.93(2.20) 1.000
Tasks and resting 82.82(3.86)  0.209  80.09 (1.69)  0.980  78.93 (2.05) 1.000
All data 85.93(3.13) <0.001 79.98 (2.11) 0.995 78.90 (2.27)  1.000

Values in bold represent the best results for accuracy mean and std, while p-values are bold if there is a significant difference noted with respect to raw
data (p < 0.05).

function absorbs the sustained task patterns within that spe-
cific window. Class-related brain processes dynamics is constant
through the whole epoch, so all the AR model training data is
as such included in the static AR model instead of left out in the
dynamic component. The resulting innovation signal is left con-
taining mostly noise. This finding heavily justifies our proposed
two-step approach: AR models must be calculated from global
or state-specific data arrays, not localized windows, to properly
separate static traits from task dynamics.

In all three tasks, the best results are obtained when AR mod-
els are in the first step trained using the same kind of data as
it is later analyzed in the second step. This confirms that the
division between static properties and dynamic information is
task-specific, allowing the analysis to focus on specific types of
brain activity, i.e., the one with high enough variability in the AR
training data. This observation sets the basis for future improve-
ments that could better target specific activity and potentially
improve classification accuracy even in more challenging tasks,
such as T1/T2.

5 Conclusion

Replacing raw EEG recordings with innovation signals, obtained
as residual autoregressive errors, can improve inter-subject clas-
sification accuracy. Training AR models across all target classes
isolates static, subject-specific traits, allowing dynamic, class-
specific information to be effectively distinguished. Consequently,
compared to raw EEG data, innovative signals yield accuracy
gains when target brain processes produce distinct signal changes
that outweigh general variability in the subject’s AR training data.
This effect is most pronounced in the EO/EC task, whereas im-
provements in more complex tasks like T1/T2 are subtle. Nonethe-
less, these observations highlight how targeted AR training strate-
gies can help reduce the challenges of inter-subject variability in
EEG classification.
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Alpha/Beta - Gamma Oscillatory Dynamics as Neural Markers
of Predictive Processing: Investigating feedback and feedforward
processes in a social inference task
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Abstract

This work investigates whether EEG oscillations, particularly in
the alpha/beta and gamma frequency bands, can be used to
distinguish feedback and feedforward processes proposed by the
Predictive Processing (PP) framework. More specifically, it
examines whether alpha and gamma activity in posterior,
particularly parieto-occipital, regions show patterns consistent
with their proposed roles in feedback and feedforward signaling.
Despite strong theoretical support for PP, establishing clear links
between its computational principles and measurable neural
dynamics remains an open challenge. Building on evidence from
research on information flow within the laminar organization of
the cortex, sensory neuroscience and experimental studies of
predictive cognition, this paper develops a provisional theoretical
synthesis of alpha/beta and gamma dynamics in predictive
processing (Bastos et al., 2012). This synthesis is used to
formulate a proposed model of the expected oscillatory dynamics
of feedback and feedforward processing and later shows how it
can be applied in a social inference task developed by Ece
Kurnaz and colleagues (work in progress). This paper therefore
proposes (1) a theoretically grounded model of alpha/beta and
gamma dynamics, and (2) a presentation of a task for evaluating
that model against collected data.

Keywords

Alpha/Beta oscillations, Gamma oscillations, Laminar studies,
Neural markers, Predictive processing, Social inference

1 Introduction

Predictive processing (PP) proposes that perception and
cognition depend on the continuous generation and updating of
predictions about incoming sensory information (Clark, 2013;
Hodson et al., 2024). These processes are commonly described
within a hierarchical architecture, in which information is
exchanged between cortical levels through ascending
feedforward (FF) and descending feedback (FB) signaling.
Although PP has substantial theoretical influence, its
proposed neurophysiological implementation remains difficult to
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identify. Neural responses to expected and unexpected stimuli
can be interpreted as consequences of predictive processing, but
may also arise from adaptation, attention, or stimulus-driven
responses (Walsh et al., 2020; Hodson et al., 2024). This problem
becomes particularly relevant for EEG, which measures the
aggregate activity of large neuronal populations and cannot
directly isolate cortical layers or individual FF and FB pathways.

The present paper therefore examines whether alpha- and
gamma-band oscillations can provide population-level markers
of processes proposed by PP. Rather than assuming a direct
correspondence between frequency bands and functions, we first
consider the cortical organization of FF and FB signaling and its
relationship to oscillatory activity, before deriving provisional
predictions that can be tested using EEG.

2 Theoretical synthesis

PP describes perception as inference within a hierarchical
generative model. Higher cortical levels represent increasingly
abstract and temporally extended regularities, while lower levels
are more closely related to the processing of incoming sensory
information. Within this hierarchy, descending signals provide
predictions or contextual constraints, while ascending signals
transmit sensory information and mismatches that can influence
the generative model which generates the predictions (Clark,
2013; Hodson et al., 2024). However, the extent to which this
computational organization corresponds to a specific neural
architecture remains unresolved.

The cortical laminar organization provides one possible
mechanistic basis for such hierarchical communication. The
mammalian neocortex contains six principal layers with
characteristic patterns of connectivity. Classical anatomical
descriptions associate FF projections primarily with superficial
layers (L 2/3), which preferentially target middle cortical layers,
particularly layer 4, whereas FB projections are more strongly
associated with deep layers (L 5/6) and have broader
terminations that generally avoid layer 4 (Bastos et al., 2012;
Vezoli et al., 2021). Bastos et al. (2012) incorporated this
organization into a proposed canonical microcircuit for
predictive coding.

However, it is important to note, that FF and FB signaling
cannot be reduced to one superficial FF pathway and one deep
FB pathway. Vezoli et al. (2021) build on a line of work on a
dual counterstream architecture containing both superficial and
deep pathways, including a substantial superficial FB pathway
and evidence for deep layer FF projections. Different feedback
pathways also differ in their spatial range and interactions with
local circuitry. Consequently, descending signaling should not
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simply be equated with the transmission of predictions; it may
support several functional roles within recurrent cortical
processing.

Despite the caveats, there is strong coherence in the signature
oscillatory frequency with which FF and FB pathways typically
operate. Bastos et al. (2012) proposed a relationship between PP
circuitry and frequency-specific activity, with gamma activity
preferentially associated with superficial cortical processing and
alpha/beta activity with deeper cortical layers. Invasive
recordings have provided evidence for this spectrolaminar
organization in which gamma-band power peaks in superficial
layers, particularly 2/3, whereas alpha- and beta-band power is
stronger in deeper layers, particularly 5/6 (Mendoza-Halliday et
al., 2024). Vezoli et al. (2021) similarly linked the anatomical
organization of cortical communication to similar characteristic
frequency ranges.

This anatomical and oscillatory distinction is complemented
by a functional one: FF signaling is generally associated with
driving excitatory inputs, whereas FB signaling is proposed to
exert an overall suppressive or inhibitory influence on lower-
level populations, although it can also have driving and
modulatory effects depending on context (Bastos et al., 2012).
Together, these anatomical, spectrolaminar and functional
distinctions provide a possible chain of reasoning which can help
the interpretation of hierarchical communication in population-
level oscillatory activity. However, this chain does not establish
that scalp-recorded gamma directly represents FF signaling or
that alpha/beta directly represents FB signaling. Cortical
communication is recurrent, multiple neuronal populations
contribute to each oscillatory signal, and the same frequencies
can be modulated by attention, sensory processing, and other
cognitive processes. Indeed, recent work has explicitly
challenged a simple oscillatory division in which alpha/beta
represents predictions and gamma represents prediction errors,
emphasizing the importance of transient and context-dependent
dynamics (Vinck et al., 2025).

Alpha and gamma nevertheless provide useful candidate
signals at the population level. Alpha activity has been associated
with functional inhibition and gating, with increased alpha power
often accompanying reduced processing of task-irrelevant
information and alpha suppression accompanying engagement of
task-relevant sensory regions (Jensen & Mazaheri, 2010).
Gamma synchronization, in contrast, is frequently associated
with localized sensory processing and neuronal communication
(Fries, 2015). Their complementary functional properties,
together with their proposed laminar organization, provide a
basis for investigating different stages of hierarchical processing
without assuming that either frequency is computationally
specific.

3 Predicted dynamics / hypotheses

The literature on predictive-processing tasks provides several
provisional predictions primarily concerning oscillatory
dynamics in posterior sensory regions. First, expectation
formation and maintenance should be accompanied by
modulation of pre-stimulus alpha/beta activity in posterior
regions. Increased alpha/beta power has been reported before
expected sensory events, including implicitly learned face
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sequences and probabilistic attentional cues (Roehe et al., 2021;
Lietal., 2023).

Second, unexpected stimuli may produce greater post-
stimulus alpha event-related desynchronization (ERD) in
posterior regions than expected stimuli, following from the
functional-gating interpretation of alpha, in which reduced alpha
activity is associated with increased engagement of sensory
processing (Jensen & Mazaheri, 2010).

Third, greater mismatch between expected and observed
information may be accompanied by increased post-stimulus
gamma activity in posterior regions. This follows from
predictive-coding accounts linking higher-frequency activity to
ascending sensory processing and from empirical studies
reporting stronger gamma responses to unexpected or
mismatching stimuli (Bastos et al., 2012; Strube et al., 2021;
Roehe et al., 2021).

Taken together, these predictions suggest a temporal
sequence within posterior sensory regions: low-frequency
activity may be particularly informative during the formation and
maintenance of expectations, while post-stimulus alpha and
gamma dynamics may reflect subsequent processing and
updating.

These hypotheses remain provisional and are intended to
provide falsifiable predictions for the empirical analysis. Frontal
regions may serve as potential sources of top-down modulation
of these posterior dynamics, but the primary predictions concern
posterior activity.

4 Empirical approach

In a social inference task developed by Ece Kurnaz and
colleagues (personal communication, 2026), each trial begins
with a probability cue indicating the likelihood that a target
object is present in a subsequently revealed scene; participants
judge object presence as the target region gradually unblurs. The
cue is predictive of the correct answer on 70% of trials, yielding
prior-congruent and prior-incongruent trials, alongside a neutral
condition in which the cue carries no informative bias. The social
inference task follows an analogous structure: a prior
characterizing the relationship between two depicted individuals
(e.g., friends, a positive-valence prior) precedes a binary
judgment (e.g., whether they will help each other) made as the
scene gradually unblurs; as in the visual task, the prior is
predictive of the outcome on 70% of trials, with an analogous
neutral condition. This parallel structure allows the visual task to
serve as a lower-level perceptual control, isolating effects of
social content from the probabilistic-cueing and gradual-
evidence-accumulation structure shared by both tasks.

5 Discussion / Outlook

The framework that is being developed here provides a possible
route from predictive processing to measurable EEG dynamics.
PP proposes hierarchical exchange between ascending and
descending information streams; cortical anatomy provides
partially distinct laminar pathways through which these signals
interact; and invasive recordings indicate that these
compartments exhibit characteristic oscillatory dynamics. Alpha
and gamma can therefore be treated as candidate population-



level markers through which aspects of hierarchical processing
may become observable.

This chain should not, however, be interpreted as a direct
mapping between computational function, cortical pathway and
frequency band. The multiplicity of FF and FB pathways,
recurrent cortical dynamics, and the sensitivity of alpha and
gamma to attention and sensory processing all constrain such an
interpretation. The recent emphasis on transient and context-
dependent dynamics further suggests that oscillatory activity
alone may not provide a complete account of predictive
processing (Vinck et al., 2025).

The value of the proposed framework therefore lies in
constraining interpretation rather than providing a direct
anatomical readout. By linking PP to cortical architecture and
spectrolaminar dynamics, it becomes possible to formulate more
specific predictions about population-level EEG activity than
would be possible from changes in alpha/beta or gamma power
alone. Subsequent work should test whether these predicted
dynamics are observable during social predictive processing and,
in doing so, assess how far EEG oscillations can usefully inform
the proposed neurophysiological mechanisms of PP.
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Abstract

Background: Access to reliable mental-health information can
shape awareness, help-seeking, and engagement with available
support. However, people differ in the sources they use, and these
patterns may vary across sociodemographic  groups.
Understanding patterns of information seeking may help inform
more targeted mental-health communication and outreach
strategies.

Aims: We therefore aimed to identify distinct profiles based on
the sources people use to obtain mental-health information and
to examine which sociodemographic characteristics predict
membership in different information-seeking profiles.

Methods: A cross-sectional quantitative study was conducted
between July 2025 and July 2026, involving 793 participants
(Mage=42.3 years, SD = 16.4; 39.6 % men). Data were collected
both online and using paper-and-pencil questionnaires. The
survey included sociodemographic questions and a multiple-
response question asking participants where they most often
obtained information about mental health. Six information
sources were listed: 1) family and friends, 2) health professionals
(e.g. doctors, psychologists, therapists), 3) books, brochures,
manuals, 4) television, radio, 5) the internet, social media, and 6)
public awareness programmes (e.g., national campaigns,
workshops). Participants could also indicate that they did not
seek mental-health information. Latent class analysis was
performed to identify distinct patterns of mental-health
information seeking based on participants’ use of the six
information sources. Multinomial logistic regression was used to
examine sociodemographic predictors of profile membership
among 766 participants with complete covariate data, controlling
for mode of participation.

Results: Descriptive results revealed that more than one-third of
participants selected only one of the six listed sources (35.8%),
while 6.4% indicated that they did not seek mental-health
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information. The most commonly used source was the internet or
social media (selected by 56.2% of participants), followed by
books or manuals (46.8%) and health professionals (37.5%). A
three-class solution was retained. Class 1 comprised limited,
predominantly online seekers (56.8%), Class 2 comprised broad,
multi-source seekers (26.0%), and Class 3 comprised health-
professional-oriented seekers (17.2%). Multinomial logistic
regression revealed that gender, farming status, and mode of
participation were associated with membership in the mental-
health information-seeking profiles, whereas age, education, and
socioeconomic status were not. Women were more likely than
men to belong to both the broad multi-source and health-
professional-oriented  profiles than the limited,
predominantly online profile. Moreover, women were more
likely to belong to the broad multi-source profile than to the
health-professional-oriented profile. Farmers, in contrast, were
less likely than non-farmers to belong to either of the two more
active profiles and were therefore relatively more likely to belong
to the limited profile. Online participants were also more likely
than paper-and-pencil participants to belong to the two more
active profiles.

rather

Conclusion: Overall, the findings suggest that gender primarily
distinguished broad from more selective information seeking,
whereas farming status distinguished limited from more active
information seeking. The results highlight groups that may be
less likely to engage with a broad range of mental-health
information sources and may therefore be better reached through
tailored information strategies.

Keywords

mental health information, mental health literacy, information-
seeking, latent class analysis, gender, farmers
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Abstract

Introduction: Activities of daily living frequently require
simultaneous performance of multiple tasks, demanding divided
attention and resulting in cognitive-motor interference [1]. Falls
are often caused by a combination of external and internal factors,
as well as reduced attention during walking, particularly when
tasks are performed concurrently [2]. Limited gait adaptability,
defined as the ability to modify the walking pattern in response
to environmental and task demands, represents an important risk
factor for falls. Most previous studies have focused on straight-
line walking at a constant speed [3], which does not adequately
reflect the complexity of gait in everyday life. The aim of this
study was to investigate dual-task effects on gait adaptability and
cognitive performance in healthy adults.

Methods: This cross-sectional study was conducted in two
separate phases using convenience sampling. Thirty participants
were included in the first phase and 31 in the second, with 17
individuals participating in both phases. Participants were 30-61
years old. Gait analysis at preferred walking speed was
performed using instrumented treadmill C-Mill. Participants
completed three primary walking conditions: straight-line
walking, obstacle crossing, and walking with unpredictable
accelerations and decelerations. These conditions were
performed without and with five added tasks: a verbal fluency
task, serial subtraction by threes, using a walking cane, carrying
a full glass of water and using a rollator walker. Spatiotemporal
gait parameters, performance outcomes (obstacle crossing
success and performance during accelerated/decelerated
walking) and dual task costs were analyzed in two sets of
comparisons: (1) each dual-task versus the corresponding single-
task walking condition, (2) the effects of dual-task conditions
across different walking tasks. In addition, cognitive task
performance was analyzed and compared during walking versus
seating. The study was approved by the institutional ethics
committee (No. 035-1/2021-32/4.3).

Results: During straight-line walking, all added tasks affected
spatiotemporal gait parameters, with the greatest impact
observed when walking with a cane. During obstacle crossing,
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cane use significantly reduced cadence, whereas none of the
added tasks affected obstacle-crossing success. While walking
with accelerations and decelerations, added tasks did not
influence cadence, however, they significantly reduced
performance success compared to walking without an added task.
Analysis of participants who took part in both study phases (n =
17) showed that obstacle crossing without an added task, with
verbal fluency, or with a cane use resulted in the lowest cadence
compared with straight-line walking and walking with
accelerations/decelerations under the same experimental
conditions. Performance of the verbal fluency task did not differ
between conditions, whereas performance of the serial
subtraction was significantly worse during walking compared to
seating, indicating the presence of cognitive—motor interference
in walking. All reported differences were statistically significant
(p <0.05).

Conclusions: All added tasks altered spatiotemporal gait
parameters during straight-line walking, while a cane use
specifically reduced cadence during obstacle crossing. While
walking with accelerations and decelerations, added tasks
impaired performance success without affecting cadence. Serial
subtraction  performance demonstrating cognitive-motor
interference in walking compared to seating position. The impact
of added tasks depends on type of walking task and the nature of
the secondary task, providing a basis for future studies and for
the clinical assessment of gait stability in populations at
increased risk of falls.
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dual task, gait adaptability, healthy adults
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Abstract

Working memory (WM), as defined by Baddeley and Hitch [1],
is the cognitive ability to temporarily maintain and manipulate
information needed for cognitive tasks. Baddeley and Hitch [1]
proposed a multicomponent model of WM, which introduces
modality-specific components (e.g., the visuospatial sketchpad
for visual and the phonological loop for verbal information) [1].
This notion of separate storage has been examined using the
dual-task paradigm, in which participants perform a secondary
task during the WM task. Prior work has shown that a dual task
in the same modality as the WM task can impair WM
performance [2]. For example, performing a secondary verbal
task during a verbal WM task impairs performance on the WM
task. Relatedly, recent work [3] also describes WM strategies,
different ways of performing a WM task that can rely on different
representational formats (e.g., verbal, visual, spatial), consistent
with the modality-specific components of the multicomponent
model of WM. The present study brings these strands together,
examining whether different strategic representational formats
do indeed recruit different WM components, using a dual-task
approach.

To address this question, we recruited 63 psychology students
(54 female, 8 male, 1 other; Mage = 19.2 years, SDage = 0.6 years),
designed a computerized visual change-detection task, and
developed accompanying strategic approaches to it. The task
required participants to encode four visual stimuli (“keys”) in a
whole-display change-detection task. After a brief delay, they
had to report whether any of the stimuli had changed orientation.
To introduce them to the task, participants first completed the
task without strategic instructions (spontaneous baseline
condition). Results from the spontaneous baseline condition were
not included in the analysis. We then introduced participants to a
visual and a verbal strategy, intended to engage visuospatial
sketchpad and phonological loop, respectively, and trained them
in their use. Using each trained strategy, participants performed
the WM task both without a secondary task (no interference
conditions) and with a verbal or visual secondary task during
maintenance (interference conditions). This yielded six
conditions, with each strategy (verbal and visual) combined with
three interference conditions: no interference, verbal
interference, and visual interference. We estimated WM capacity
with Pashler's K [4] and compared capacity under different
conditions using two repeated-measures ANOVAs.

A strategy type (verbal, visual) X interference presence (present,
absent) ANOVA showed that capacity was significantly lower
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when a secondary task was present than absent, F(1, 58)=25.33,
p <.001, n%p = .30; the interaction between strategy types and
interference presence was not statistically significant (F(1, 58) =
1.25, p = .27, % = .02). Further, a strategy type (visual, verbal)
x interference modality (verbal interference, visual interference)
ANOVA revealed no main effect of interference modality,
F(1,58) =4.60, p = 0.07, n?p = 0.07, nor interaction between the
strategy type and interference modality, F(1, 58) =0.03, p = .87,
n% < .001, indicating that the interference cost did not depend
on the match between strategy and interference modality.

These results are consistent with an effect of interference on WM
performance, but they provide no evidence that different strategic
representational formats recruit different WM components, as
the interaction between strategy type and interference modality
was not significant.

The study had several limitations. Most importantly, the strategy
training was short and not personalized, so we cannot confirm
that the strategies were successfully employed and engaged the
intended WM components (e.g., phonological loop). Moreover,
it is possible that our interference tasks did not interfere with the
intended processes (i.e., verbal or visual). As we were unable to
determine whether the intended WM components were
successfully engaged or whether the interference tasks
selectively disrupted the targeted processes, we propose that
future research should examine the neural correlates of strategy
use to verify both successful strategy deployment and the
effectiveness of the interference manipulation.
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Abstract

Colour is not a fixed property transmitted to a passive receiver
but is enacted, brought forth at the meeting of a living body and
a structured environment (Maturana and Varela, 1987; Uexkiill,
1934). This paper’s contribution is a four-level model of colour
perception that integrates enactive cognition with cultural and
period-specific perceptual formation. On this model, colour is
co-constituted across four interacting levels at once: the
biological (visual physiology), the phenomenological (lived
seeing, following Merleau-Ponty’s account of vision as a
“second bringing-forth,” 1964), the atmospheric (Trstenjak’s
barvna klima, or colour climate, 1978), and the social-
institutional (Baxandall’s period eye, 1972). Colour is therefore
neither purely retinal nor purely cultural, but the ongoing product
of an observer situated at every level.

The model is developed through comparative visual analysis,
grounded in enactive and phenomenological theory, of Jean-
Léon Gérome’s The Snake Charmer (c. 1879). Worked through
all four levels, and attending to specific pigments, tiles, and
textiles, the analysis shows how culturally situated knowledge
shapes what is seen, not merely how it is interpreted. Treating
perception as situated and produced rather than passively
received (Berlot Pompe, 2016, 42), the paper locates cultural and
institutional formation as a constituent of the perceptual act
rather than a later interpretation of it, thereby engaging the debate
over the cognitive penetrability of perception (Pylyshyn, 1999;
Firestone and Scholl, 2016). Osman Hamdi Bey’s The Tortoise
Trainer (1906), painted by an Ottoman artist trained in the same
Parisian academic milieu as Gérome and working both within
and against orientalist convention, serves as a contrasting
enactment: the same chromatic repertoire brought forth by a
differently situated observer.
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The paper offers cognitive science a concrete articulation of
enactive and Umwelt-based approaches to perception, extended
from organism-environment coupling to the cultural shaping of
the perceiving observer.
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Abstract

INTRODUCTION: People with Parkinson’s disease (PD) often
rely on increased conscious control to compensate for impaired
motor regulation. As cognitive resources decline, this
compensation may become insufficient, affecting both postural
stability and gait. This study aimed to identify behavioural and
neurophysiological signatures of cognitive—motor interaction
during whole-body tasks in early PD, which remain incompletely
characterized to this day.

METHODS: Eighteen individuals with PD (mean age: 62.9 + 6.6
years) and 18 age- and sex-matched healthy controls (HC; mean
age: 62.9 + 6.4 years) completed a balance task comprising semi-
tandem stance, Stroop-based cognitive, and combined dual-task
conditions. A subsample (11 PD, 13 HC) also completed an
overground walking task under single- and dual-task conditions.
Mobile electroencephalography (EEG) was recorded throughout
to assess event-related potentials, spectral power, and gait-
phase-related spectral Behavioral outcomes
included postural sway and gait performance.

modulation.

RESULTS: Balance: PD participants demonstrated smaller (p
=.009) and slower (p = .008) sway compared to HC, while dual-
tasking reduced sway across groups (p < .001). EEG revealed
increased delta/theta power with cognitive demand (p <.012; Fz,
Cz, Pz, Oz), stronger beta desynchronization during motor
engagement (p < .050; Cz, Pz), greater alpha desynchronization
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during dual-tasking (p = .025; Pz), and elevated P300 latencies
in PD (p = .034; 600-700 ms). Walking: PD participants walked
slower and spent longer in double support than HC (p < .05).
Dual-task walking reduced speed and increased stride time,
double-support time, and swing-phase variability across groups
(all p < .05). Gait-related EEG modulation showed typical
synchronization during double support and desynchronization
during swing, but these patterns were attenuated in PD, with
significant frontocentral group differences across the gait cycle.

DISCUSSION: Reduced sway in PD may reflect rigidity, while
dual-task—related sway reductions suggest greater reliance on
automatic postural control under divided attention. Attenuated
gait-phase-related spectral modulation indicates impaired
sensorimotor integration. Although standing EEG patterns were
largely preserved, prolonged P300 responses and reduced gait-
phase related oscillatory dynamics point to early deficits in
cognitive-motor integration.

CONCLUSION: Early-stage PD shows subtle disruptions in
cognitive-motor integration during balance and walking. Event-
related potentials and gait-related cortical oscillations may serve
as sensitive neural markers for mobility assessment and fall-
prevention interventions.

Keywords

Parkinson's Disease (PD), Electroencephalography (EEG),
Mobile Brain/Body Imaging (MoBI), Dual-Tasking, Embodied
cognition
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