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Informatikai Tudoméanyok Doktori Iskola

Tisztelt Professzor Ur!

Dr. Guzsvinecz Tibor, mint a Pannon Egyetem Miiszaki Informati-
kai Kar Informatikai Rendszerek és Alkalmazasai Tanszék egyetemi docense
ezuton kérem az Informatikai Tudoményok Doktori Iskola vezetdjét, hogy ré-
szemre a Mtiszaki tudomanyok tudomanyteriileten, Informatikai tudoméanyok
tudoméanyégon beliil, a Digitéalis Valosag sztikebb tudoméanyagban habilitaci-
6s eljarast folytasson le a 2026. méarcius 2-t6l hatalyos habilitacios szabélyzat
alapjan.

Veszprém, 2026. aprilis 19.

Dr. Guzsvinecz Tibor



Onéletrajz

Dr. Guzsvinecz Tibor a Pannon Egyetem Miiszaki Informatikai Karan
az Informatikai Rendszerek és Alkalmazéasai Tanszék egyetemi docense. Mér-
nokinformatikus BSc és MSc diploméajat a Pannon Egyetemen szerezte, majd
2021-ben PhD fokozatot szerzett az informatikai tudoményok teriiletén, a
virtualis és kiterjesztett valosag rendszerek ember—gép interakciora gyakorolt
hatasainak vizsgélatabol.

Kutatési tevékenysége multidiszciplinaris megkozelitésben vizsgalja a di-
gitalis kornyezetekben zajlé ember—gép interakciot, a nagyméretii felhaszné-
161 adatok elemzésére, a természetes nyelvfeldolgozasra, valamint az online
kozosségek kommunikacios és viselkedési mintazatainak feltarasara tdmasz-
kodva. Vizsgélatai kiterjednek a digitalis jatékokra, a gamifikaciora, a vir-
tudlis valosagra, valamint a virtualis kornyezetekben jelentkez§ térérzékelési
jelenségekre és térbeli képességekre, a felhasznaloi élmény és a digitalis hozza-
férhetGség Osszefiiggésében. Eredményei hozzajarulnak a digitalis rendszerek
felhasznalokozpontu tervezéséhez, valamint a digitalis kozosségek miikodésé-
nek jobb megértéséhez. Kutatasai tdmogatjik a felhasznal6i élmény tuda-
tosabb kialakitasat, illetve az inkluziv és hozzaférhets digitalis kdrnyezetek
fejlesztését.

Tudomanyos tevékenysége soran az MTMT szerint 6sszesen 146 tudoma-
nyos kozleményt publikalt, koztiik 56 folyoiratcikket és 69 konferenciakozle-
ményt, valamint négy tudoményos konyv szerkesztésében vett részt. Kutatasi
eredményeit rangos nemzetkozi folydiratokban és konferencidkon publikélta.
Fiiggetlen hivatkozasainak szama 609, fiiggetlen h-indexe 13.

Kutatéasi palyajat aktiv projekt- és palyazati részvétel jellemzi. Té-
mavezetéként tobb alkalommal elnyerte az Uj Nemzeti Kivalosagi Prog-
ram (UNKP) 6sztondijat, valamint az Egyetemi Kutatoi Osztondij Prog-
ram (EKOP) tamogatésit, tovabba tobb alkalommal részesiilt nemzetkozi
konferenciarészvételt tamogato palyazatokban. Résztvevs kutatoként kozre-
miikodott tobb jelentés hazai és nemzetkozi projektben, tobbek kozott:

e Témateriileti Kivalosagi Program (TKP2021-NVA-10)

e Egyetemi Innovaciés Okoszisztéma — Proof of Concept Program (2019-
1.2.1-EGYETEMI-OKO-2019-0005)

e Gyakorlatorientéalt felséfoki képzések infrastrukturalis- és készségfej-
lesztése (RRF-2.1.2-21-2022-00007)

e Duadlis képzés fejlesztése a Pannon Egyetemen (EFOP-3.5.1-16-2017-
00010)



o Jatékra fell Komoly jatékok fejlesztésének lehetdségei a gyermekek
egészség-, kornyezeti nevelésében és a nyelvtanulasban" (2021-1.2.4-
TET-2021-00007)

e COST Action CA19104 — Advancing Social Inclusion through Techno-
logy and Empowerment

e Innovativ megoldasokkal a BGE fels6fokt képzései mingségének és hoz-
zaférhetGségének javitasaért (EFOP-3.4.3.-16-2016-00020)

o Intelligent Serious Games for Social and Cognitive Competence"
(2015-TRO1-KA201-022247)

e . 70ld Energia — FelsGoktatasi agazati egylittmiikodés a zold gazdaség
fejlesztésére az energetikai teriileten" (TAMOP-4.1.1.C-12/1/KONV-
2012-0017)

Oktatoi és témavezetsi tevékenysége szorosan kapcsolodik kutatasaihoz.
Tobb mint 6tven végzett hallgatd témavezet§je volt, jelenleg is szamos hall-
gatd munkajat iranyitja, valamint harom PhD-hallgato tarstémavezetésében
vesz részt. Hallgatoi rendszeresen vesznek részt tudomanyos diakkori mun-
kidban és szakmai versenyeken, ahol kiemelkedd eredményeket érnek el. A
Pannon Egyetem csapata témavezetése mellett 2024-ben és 2025-ben is mé-
sodik helyezést ért el a VIKI Zrt. altal szervezett virtualis valosag fejlesztési
versenyen. Emellett tobb PhD-hallgaté munkahelyi és nyilvanos vitajan vett
részt, tobb esetben opponensként is kézremtkodve.

Oktatasi tevékenysége széles spektrumot fed le, beleértve az adattudo-
many, programozas, multimédia, virtualis valosag és digitalis jatékfejlesztés
teriileteit, valamint doktori képzésben is aktivan részt vesz. Oktatoéi munka-
jaban kiemelt szerepet kap a kutatasalapu oktatés és az aktualis technologiai
trendek integrélasa.

Szakmai munkassagat szamos elismerés kiséri, tobbek koézott a Magyar
Tudoményos Akadémia Veszprémi Teriileti Bizottsdgéanak ,Kiemelkedd If-
ja Kutatoja” dija, dékani dicséret kiemelkedd kutatoi teljesitményért, IEEE
szekcidelnoki dij, valamint konferencia legjobb publikéci6 dij.

Aktiv szerepet vallal a tudomanyos kozéletben és a nemzetkozi szakmai
kozosségben: 2023 ota tagja az IEEE szervezetnek, tagja a Neumann Ja-
nos Szamitogéptudomanyi Téarsasdgnak, valamint az MTA koztestiiletének,
tovabba a ZEK Kiiliigyi és Nemzetkozi Bizottsaganak. Tagja az MTA Veszp-
rémi Teriileti Bizottsdg Egészségiigyi Informatika Munkabizottsaganak, va-
lamint 2025-t6] az Informatikai és Szamitdstudomanyi Munkabizottség alel-
noke. Nemzetkozi konferencidk szervezésében is rendszeresen koézremtkodik,



tobbek kozott az IEEE International Conference on Cognitive Infocommuni-
cations és az IEEE International Conference on Cognitive Aspects of Virtu-
al Reality szervezébizottsaganak tagjaként, tovabba tébb tudoméanyos kotet
szerkesztGje. VendégszerkesztGként harom MDPI folyéirat kiilonszamaban
miikodott kozre, jelenleg pedig a Springer Discover Computing folyodirat ven-
dégszerkesztdje.
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1.

Guzsvinecz, Tibor ; Sz(cs, Judit

Genre Matters: Analyzing Toxicity Patterns in Steam Game Reviews

In: Szakal, Aniké (szerk.) IEEE 24th World Symposium on Applied Machine Intelligence and
Informatics (SAMI 2026)

Piscataway (NJ), Amerikai Egyesiilt Allamok : Institute of Electrical and Electronics Engineers
(IEEE) (2026) 733 p. pp. 000635-000640. , 6 p.

DOI Egyéb URL

Kdzlemény:37008353 Admin lattamozott Forras 1déz8 Konyvreészlet (Konferenciakdzlemény )
Tudomanyos

2.

Guzsvinecz, Tibor ; Nemeth, Krisztian ; Sz(cs, Judit

Cybersickness in commercial first-person virtual reality video games: analysis of player
experience in steam reviews

VIRTUAL REALITY 30 Paper: 83 (2026)

DOI WoS Scopus Egyéb URL

Kbzlemény:37010353 Admin lattamozott Forras 1dézd Folydiratcikk (Szakcikk ) Tudomanyos

Folydirat szaktertilete: Scopus - Computer Graphics and Computer-Aided Design SJR indikdtor: Q1
Folydirat szaktertilete: Scopus - Human-Computer Interaction SJR indikator: Q1
Folydirat szaktertilete: Scopus - Software SJR indikator: Q1

3.

Haneklaus, Nils ; Horvath, Laszl6 Simon ; Brink, Hendrik ; Brink-Flores, Kim ; Kyomuhimbo, Hilda
Dinah ; Lee, Tzong-Ru ; Misik, Matus ; Roubik, Hynek ; Kiselicki, Martin ; Szabd, Patricia et al.
Negotiating Virtually and Face-to-Face: Experience from a Serious Game Conducted in Person
and via Smartphone Application

APPLIED SCIENCES-BASEL 16 : 7 p. 3300 (2026)

DOI Egyéb URL

Kdzlemény:37051269 Admin lattamozott Forras 1dézd Folydiratcikk (Szakcikk ) Tudomanyos

Folydirat szaktertilete: Scopus - Computer Science Applications SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Engineering (miscellaneous) SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Fluid Flow and Transfer Processes SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Instrumentation SJR indikdtor: Q2

Folydirat szaktertilete: Scopus - Materials Science (miscellaneous) SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Process Chemistry and Technology SJR indikdtor: Q2
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4.

Hudoba, Péter (szerk.) ; Guzsvinecz, Tibor (szerk.) ; Szlcs, Judit (szerk.)

Doktoranduszok Orszagos Szovetségének Matematikai és Informatikai Tudomanyok Osztalyanak
12. Téli Iskol3ja: Ki MI-t tud? - Intelligens eszkdzdk, felel8s kutatas

Doktoranduszok Orszagos Szovetségének Matematikai és Informatikai Tudomanyok Osztalya
(2026), 32 p.

ISBN: 9786156457844 Teljes dokumentum

Kbzlemény:36979361 Nyilvanos Forras Egyéb konferenciakotet Tudomanyos

5.

Ichsan, Mochammad Hannats Hanafi ; Sik-Lanyi, Cecilia ; Guzsvinecz, Tibor

Usability, Learnability and Human Factor Evaluation in a Multi-Browser Virtual Environment
ACTA POLYTECHNICA HUNGARICA 23 : 5 pp. 7-29., 23 p. (2026)

DOI Scopus Teljes dokumentum

Kozlemény:37041491 Admin lattamozott Forras 1déz8 Folydiratcikk (Szakcikk ) Tudomanyos

Folydirat szaktertilete: Scopus - Engineering (miscellaneous) SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Multidisciplinary SJR indikdtor: Q2
X. Foldtudomdnyok Osztalya XFO A

6.

Namrouti, Hanan ; Sik-Lanyi, Cecilia ; Guzsvinecz, Tibor

Gender influences on virtual reality colour matching task: performance, presence, usability,
cognitive load, accuracy, and physiological response

VISUAL COMPUTER 42 : 1 pp. 1-26. Paper: 111, 26 p. (2026)

DOI WoS Scopus Egyéb URL

Kozlemény:36851111 Admin lattamozott Forras Folydiratcikk (Szakcikk ) Tudomanyos

Folydirat szaktertilete: Scopus - Computer Graphics and Computer-Aided Design SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Computer Vision and Pattern Recognition SR indikator: Q2
Folydirat szaktertilete: Scopus - Software SR indikdtor: Q2

https://m2.mtmt.hu/gui2/?type=authors&mode=browse&sel=10060181&view=simpleList&paging=1;5000 2/42
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7.

Sz(cs, Judit ; Németh, Krisztidan ; David, Laszl6 ; Guzsvinecz, Tibor

An Interactive Educational Platform for E-Sports: Development and Future Perspectives
INTERNATIONAL JOURNAL OF EDUCATION AND INFORMATION TECHNOLOGIES 20 pp. 11-17.,7
p. (2026)

DOI WoS Egyéb URL

Kbzlemény:36460969 Admin lattamozott Forras 1dézd Folydiratcikk (Szakcikk ) Tudomanyos

8.

Szlcs, Judit ; Németh, Krisztian ; Fehér, Gergd ; Guzsvinecz, Tibor

.Mintha rélam szélna”: az észlelt személyre szabottsag vizsgalata narrativ stilusu generativ
mesterséges intelligencia interakciokban

In: Hudoba, Péter; Guzsvinecz, Tibor; Sz(cs, Judit (szerk.) Doktoranduszok Orszagos
Szovetségének Matematikai és Informatikai Tudomanyok Osztalyanak 12. Téli Iskolaja : Ki MI-t
tud? - Intelligens eszkdzok, felel8s kutatas

Doktoranduszok Orszagos Szovetségének Matematikai és Informatikai Tudomanyok Osztalya
(2026) 32 p. pp. 27-27., 1 p.

Egyéb URL

Kozlemény:36979365 Nyilvanos Forras Egyéb konferenciakdzlemény (Absztrakt / Kivonat )
Tudomanyos

0.

Guzsvinecz, Tibor (szerk.) ; Sz(cs, Judit (szerk.)

Game Theory - Computational Aspects and Applications

London, Egyesult Kiralysag / Anglia : IntechOpen (2025), 190 p.

DOI ISBN: 9780850148312 ISBN: 9780850148336 ISBN: 9780850148329 Egyéb URL
Kézlemeény:35644918 Admin lattamozott Forras Konyv (Szakkdnyv ) Tudomanyos

10.

Guzsvinecz, Tibor ; Sz(cs, Judit

Game Theory and Strategic Decision-Making in the Dark Souls Games

In: Guzsvinecz, Tibor; SzUcs, Judit (szerk.) Game Theory - Computational Aspects and

Applications

London, Egyesult Kiralysag / Anglia : IntechOpen (2025) 190 p. pp. 1-20., 20 p.

DOl Egyéb URL

Kdzlemeény:35644921 Admin lattamozott Forras 1déz8 Konyvreészlet (Konyvfejezet ) Tudomanyos
Nyilvanos idéz§ dsszesen: 3 | Fuggetlen: 2 | Figgd: 1 | Nem jelolt: 0 | WoS jeldlt: 1 | Scopus
jeldlt: 1 | WoS/Scopus jelolt: 1 | DOI jelolt: 2

11.

Guzsvinecz, Tibor ; Orban-Mihalyko, Eva ; Sik-Lanyi, Cecilia ; Sz(ics, Judit ; Perge, Erika
Comparison of Performance on MRT, MCT, PSVT and HSVT Spatial Ability Tests between Paper
and Desktop Display

In: Szakal, Anikd (szerk.) IEEE 23rd World Symposium on Applied Machine Intelligence and
Informatics SAMI 2025 9

Piscataway (NJ), Amerikai Egyesiilt Allamok : Institute of Electrical and Electronics Engineers
(IEEE) (2025) 547 p. pp. 000029-000033., 5 p.

DOI Scopus

https://m2.mtmt.hu/gui2/?type=authors&mode=browse&sel=10060181&view=simpleList&paging=1;5000 3/42
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Kozlemény:35731393 Admin lattamozott Forras 1déz8 Konyvrészlet (Konferenciakdzlemény )
Tudomanyos

12.

Guzsvinecz, Tibor ; Sz(cs, Judit

Preface

In: Guzsvinecz, Tibor; SzUcs, Judit (szerk.) Game Theory - Computational Aspects and
Applications

London, Egyesult Kiralysag / Anglia : IntechOpen (2025) 190 p. pp. 1-2., 2 p.
Kozlemény:35800250 Admin lattamozott Forras Konyvrészlet (EI6sz6, utdszé ) Tudomanyos

13.

Guzsvinecz, Tibor ; Szlcs, Judit ; Perge, Erika

How Egocentric Distance Estimation Changes in Virtual Environments by Using a Desktop Display
or the Gear VR

ACTA CYBERNETICA 27 : 1 pp. 15-41., 27 p. (2025)

DOI DEA WoS Scopus

Kdzlemény:36034434 Admin lattamozott Forras 1dézd Folydiratcikk (Szakcikk ) Tudomanyos

Folydirat szaktertilete: Scopus - Information Systems and Management SJR indikdtor: Q3
Folydirat szaktertilete: Scopus - Computational Theory and Mathematics SJR indikdator: Q4
Folydirat szaktertilete: Scopus - Computer Science (miscellaneous) SJR indikdtor: Q4

Folydirat szaktertilete: Scopus - Computer Vision and Pattern Recognition SJR indikdtor: Q4
Folydirat szaktertilete: Scopus - Electrical and Electronic Engineering SJR indikdtor: Q4

Folydirat szaktertilete: Scopus - Management Science and Operations Research SJR indikator: Q4
Folydirat szaktertilete: Scopus - Software SJR indikdtor: Q4

Folydirat szaktertilete: Scopus - Theoretical Computer Science SJR indikdtor: Q4

14.

Guzsvinecz, Tibor (szerk.) ; Sz(cs, Judit (szerk.)

Doktoranduszok Orszagos Szovetségének Matematikai és Informatikai Tudomanyok Osztalyanak
11. Téli Iskolaja

Budapest, Magyarorszag : Doktoranduszok Orszagos Szévetsége Matematikai és Informatikai
Tudomanyok Osztalya (2025)

ISBN: 9786156457653 Teljes dokumentum

Kozlemény:36054945 Admin lattamozott Forras Egyéb konferenciakdtet Tudomanyos

15.

Guzsvinecz, Tibor ; Orban-Mihalyko, Eva ; Sik-Lanyi, Cecilia ; Perge, Erika

Comparing the Results Received on Desktop Display and Paper Versions of Four Spatial Ability
Test Types

ACTA POLYTECHNICA HUNGARICA 22 : 7 pp. 27-46., 20 p. (2025)

DOI DEA WoS Scopus Egyéb URL

Kbzlemény:36205273 Egyeztetett Forras |dézd Folydiratcikk (Szakcikk ) Tudomanyos

Folydirat szaktertilete: Scopus - Engineering (miscellaneous) SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Multidisciplinary ~ SJR indikdtor: Q2
X. Féldtudomdnyok Osztalya XFO A
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16.

Guzsvinecz, Tibor (szerk.)

From Pixels to Play - The Art and Science of Video Games

London, Egyesult Kiralysag / Anglia : IntechOpen (2025)
Kozlemény:36243980 Nyilvanos Forras Konyv (Szakkdnyv ) Tudomanyos

17.

Guzsvinecz, Tibor

Pathways to Mastery: A Taxonomy of Player Progression Systems in Commercial Video Games

In: Guzsvinecz, Tibor (szerk.) From Pixels to Play - The Art and Science of Video Games

London, Egyesult Kiralysag / Anglia : IntechOpen (2025) pp. 1-22., 22 p.

DOI Egyéb URL

Kbzlemény:36243982 Admin lattamozott Forras Konyvrészlet (Konyvfejezet ) Tudomanyos
Nyilvanos idéz6 dsszesen: 1 | Fuggetlen: 1 | Flggs6: 0 | Nem jeldlt: O

18.

Guzsvinecz, Tibor ; Szlcs, Judit ; Perge, Erika

Examining the Influence of Egocentric Distance on Exocentric Distance Estimation in Virtual
Environments

ACTA POLYTECHNICA HUNGARICA 22 : 7 pp. 163-179., 17 p. (2025)

WoS DEA Scopus Teljes dokumentum Egyéb URL

Kbzlemény:36245725 Egyeztetett Forras |dézd Folydiratcikk (Szakcikk ) Tudomanyos

Folydirat szaktertilete: Scopus - Engineering (miscellaneous) SJR indikator: Q2
Folydirat szaktertilete: Scopus - Multidisciplinary SR indikdtor: Q2
X. Féldtudomdnyok Osztalya XFO A

19.

Guzsvinecz, Tibor ; Nemeth, Krisztian ; Sz(cs, Judit

Topic Modeling of Virtual Reality Game Reviews using Latent Dirichlet Allocation

In: IEEE - IEEE (szerk.) 2025 IEEE 29th International Conference on Intelligent Engineering
Systems (INES)

Piscataway (NJ), Amerikai Egyesiilt Allamok : Institute of Electrical and Electronics Engineers
(IEEE) (2025) pp. 000255-000260., 6 p.

DOI WoS Scopus Egyéb URL

Kozlemény:36260660 Egyeztetett Forras Idéz6 Konyvrészlet (Konferenciakdzlemény )
Tudomanyos

20.

Guzsvinecz, Tibor

Topic Modeling of Positive and Negative Reviews of Soulslike Video Games

COMPUTERS 14 : 8 p. 339 (2025)

DOI WoS Scopus Egyéb URL

Kdzlemény:36293152 Egyeztetett Forras |dézd Folydiratcikk (Szakcikk ) Tudomanyos
Nyilvanos idéz6 dsszesen: 1 | Fuggetlen: 1 | Fuggo 0 | Nem jeldlt: 0 | WoS jeldlt: 1 |
WoS/Scopus jeldlt: 1 | DOI jeldlt: 1

Folydirat szaktertilete: Scopus - Computer Networks and Communications SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Human-Computer Interaction SJR indikdtor: Q2

https://m2.mtmt.hu/gui2/?type=authors&mode=browse&sel=10060181&view=simpleList&paging=1;5000
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21.

Guzsvinecz, Tibor ; Sz(cs, Judit

A Bibliometric Analysis of the Trends in UAV Research Using the Bibliometrix R-Tool
APPLIED SCIENCES-BASEL 15: 21 p. 11305 (2025)

DOI WoS Scopus Egyéb URL

Kozlemény:36395632 Egyeztetett Forras |dézd Folydiratcikk (Szakcikk ) Tudomanyos

Folydirat szaktertlete: Scopus - Computer Science Applications SJR indikator: Q2
Folydirat szaktertilete: Scopus - Engineering (miscellaneous) SR indikdtor: Q2
Folydirat szaktertilete: Scopus - Fluid Flow and Transfer Processes SJR indikdtor: Q2
Folydirat szaktertilete: Scopus - Instrumentation SR indikdtor: Q2

Folydirat szaktertlete: Scopus - Materials Science (miscellaneous) SJR indikator: Q2
Folydirat szaktertilete: Scopus - Process Chemistry and Technology SJR indikdtor: Q2

22.
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Developing movement recognition application with the use of Shimmer sensor and Microsoft
Kinect sensor
In: Sik-Lanyi, C; Hoogerwerf, E-J; Miesenberger, K (szerk.) Assistive Technology: Building Bridges
Amsterdam, Hollandia : 10S Press (2015) 1,112 p. pp. 767-772., 8 p.
DOI WoS Google scholar
Kozponti kezelésd Kdzlemény:2980383 Admin lattamozott Forras Konyvrészlet
(Konferenciakdzlemény ) Tudomanyos
Nyilvanos idéz6 Osszesen: 5 | Fuggetlen: 5 | Fuggd: 0 | Nem jeldlt: 0 | WosS jelolt: 3 |
WoS/Scopus jeldlt: 3 | DOI jelolt: 4

146.

Guzsvinecz, T; Galgoczy, A ; Szucs, V

Developing Algorithmic Thinking - Learning Techniques via Visualization Methods: Mentor
Programme at the University of Pannonia, 1st Annual International Conference on Education
In: Prof, Gary E Swanson (szerk.) THKM'S 1st Annual International Conference on Education
Colombo, Sri Lanka : International Institute of Knowledge Management (2015) pp. 14-14., 1 p.
Kozlemény:3238072 Nyilvanos Forras Konyvrésglet (Absztrakt / Kivonat ) Tudomanyos

147.
Szucs, Veronika ; Guzsvinecz, Tibor ; Paxian, Szilvia ; Sikné, Lanyi Cecilia
Mozgasfelismerd alkalmazas Shimmer- és Microsoft Kinect szenzor vezérléssel

https://m2.mtmt.hu/gui2/?type=authors&mode=browse&sel=10060181&view=simpleList&paging=1;5000 41/42
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In: Késa, Istvan; Vassanyi, Istvan (szerk.) Uj alapokon az egészségligyi informatika : A XXVIIL.
Neumann Kollokvium konferencia kiadvanya, 2015

Veszprém, Magyarorszag : Neumann Janos Szamitégép-tudomanyi Tarsasag (2015) 186 p. pp.

74-77., 4 p.
Zarolt Kézlemény:2981528 Admin lattamozott Forras Konyvrészlet (Konferenciakdzlemény )
Tudomanyos

148.

Guzsvinecz, Tibor
Mozgasfelismerd alkalmazas fejlesztése Shimmer szenzoros és Microsoft Kinect szenzoros

vezérléssel pp. 1-27., 27 p. (2014)
Kbzlemény:34044730 Nyilvanos Forras Egyéb (Diplomamunka, szakdolgozat, TDK dolgozat )
Tudomanyos
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Guzsvinecz Tibor (Digitalis valésag) (MTMT)

Guzsvinecz Tibor munkassaganak 6sszefoglalasa (2026.04.14)
MTMT kozlemény és idézd 6sszefoglald tablazat

Tudomanyos kdzlemények — Szama Hivatkozésgk‘
Osszesen Részletezve | Fuggetlen Osszes
I. Tudomanyos folyéiratcikk 52 438 538
kulfoldi kiadasu szakfolydiratban idegen nyelvi 35 329 391
kulfoldi kiadasu szakfolydiratban magyar nyelvd 0 0 0
hazai kiadasu szakfolydiratban idegen nyelvd 17 109 147
hazai kiadasu szakfolyéiratban magyar nyelvi 0 0 0
1. Kényvek 0 0
a) Konyv, szerzéként 0 0
idegen nyelv( 0 0
magyar nyelvi 0 0
b) Kényv, szerkesztéként? 3
idegen nyelv(
magyar nyelvd
11l. Kényvrészlet 3 2 5
idegen nyelvU 2 5
magyar nyelvd 0 0
IV. Konferenciakézlemény folyéiratban vagy konferenciakétetben 57 112 144
idegen nyelv( 44 112 143
magyar nyelvd 13 0 1
Kozlemények 6sszesen (I-1V.) 115 552 687
Absztrakt3 16 1 1
Kutatasi adat 0 0
Tovabbi tudomanyos miivek? 16 1
Osszes tudomanyos koézlemény 147 553 689
Hirsch index® 13 15
Oktatasi mu 0 0
FelsGoktatasi md 0 0
Fels6oktatasi tankdnyv idegen nyelv( 0 0 0
Fels6oktatasi tankdnyv magyar nyelv(i 0 0 0
Fels6oktatasi tankdnyv része idegen nyelv(i 0 0 0
Fels6oktatasi tankdnyv része magyar nyelv( 0 0 0
Oktatasi anyag 0 0
Egyéb oktatasi mlvek 0 0
|0Ita|mi formak | 0 | 0 0 |
|Alkotés | 1 | 0 0 I
Ismeretterjeszté miivek 0 0 0
Folydiratcikk 0 0 0
Kényvek 0 0 0
Tovabbi ismeretterjeszté md 0 0
Kozérdeki vagy nem besorolt jellegi mi® 0 0 0
Tovabbi kézlemények’ 0 0 0
49
Egyéb szerzéségli mii® 0
Idéz6k szerkesztett miivekre
Idézbk disszertaciéban, egyéb tipusban 56 56
Osszes kozlemény és dsszes idézbik 148 609 745

https://m2.mtmt.hu/gui2/?type=authors&mode=browse&sel=10060181&view=pubTable
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Megjegyzések:

1 A hivatkozasok a disszertacié és egyéb tipusu idéz6k nélkil szamolva. A disszertacio és egyéb tipusu idéz8k dsszesitése a tablazat végén
talalhatok.

2 Szerkeszt6ként nem részesedik a konyv idézésébdl

3 Csak a tudomanyos jellegli absztraktok

4 Minden tovabbi még el nem szamolt tudomanyos md (kivéve alkotds vagy oltalmi forma), ahol a szerzd: szerz8, szerkesztd, kritikai vagy
forraskiadas készitéje szerz8ségd.

5 A disszertaciok és egyéb tipusu idézék nélkiil szamolva. A sor értéke az "Osszes tudomanyos kézlemény" sor idézettségi adatait veszi
alapul.

6 Minden "Kozérdek(" vagy "Nem besorolt" jellegl kdzlemény, ahol a szerzé nem egyéb szerz&ségli szerzé.

7 Ideértve minden olyan muvet, mely a tablazat mas, nevesitett soraiban nem kerult 6sszeszamlalasra, és nem egyéb szerz8ségl. Ide
kertilnek a Norvég listan szerepld folyoiratban megjelent cikkek is.

8 Minden olyan egyéb szerz6ségli mU, ahol a szerz6 nem: szerz6, szerkeszt6, kritikai vagy forraskiaddas készit6je szerz6ség(.

30
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Guzsvinecz Tibor (Digitalis valésag) (MTMT)

Guzsvinecz Tibor munkassaganak 6sszefoglalasa (2026.04.14)
MTA VI. Mlszaki Tudomanyok Osztalya

Lektoralt vagy IF-os folyciratban teljes’ cikk 35/29 17/13 0/0 52/42
IF-ral (vagy varhaté IF-ral) 28 /25 15712 0/0 43/37
ebbdl egyszerz8s 4/4 2/2 0/0 6/6
Egyszerz8s IF-os vagy lektoralt 5/5 2/2 0/0 717
Sokszerz8s vagy csoportos szerz8ségl kdzlemény 171 0/0 0/0 171
Lektoralt/IF-os folydiratban nem teljes cikk 0/0 171 0/0 171
Folydiracikk ismeretlen lektoraltsagu folydiratban 171 0/0 0/0 171
Konferenciacikk konferenciakdtetben 0/0 0/0 0/0 0/0
Konferenciacikk folyéiratban 1/0 0/0 0/0 1/0
Konferenciacikk kdonyvrészletként 35/17 8/3 1377 56 /27
Kdényv egyetlen szerzéként 0/0 0/0 0/0 0/0
Konyv szerz8ként tarsszerzdvel 0/0 0/0 0/0 0/0
Konyvfejezet 3/3 0/0 0/0 3/3
Szerkesztett konyv szerkesztéként 3/3 0/0 0/0 3/3
Oltalmi formak 0/0 0/0 0/0 0/0
Az eddigiek 6sszesen 78 /53 26/17 13/7 117 /77
Konferenciakotet szerkesztéként 0/0 171 3/3 474
Absztrakt folydiratban 0/0 171 0/0 171
Disszertaciok 0/0 1/0 0/0 1/0
Tovabbi még nem szamolt tudomanyos 5/3 8/7 6/3 19/13
A tudomanyos kdzlemény teljes szovege elérhetd a weben 71/50 20/15 6/5 97/70
A szerzd listdjaban tudomanyos jeloléssel megadott k6zlemények 83/56 37726 22/13 142/ 95
Nem tudomdnyos kézlemények 0/0 0/0 1/1 171
Alkotas 0/0 0/0 171 1/1
kozérdekd 0/0 0/0 0/0 0/0
oktatdsi 0/0 0/0 0/0 0/0
ismeretterjeszté 0/0 0/0 0/0 0/0
tovdbbi vagy nem megadott jellegli 0/0 0/0 0/0 0/0
A szerz6 listajanak tételei 6sszesen 83/56 37/26 23/14 143/ 96

Flggetlen/dsszes idéz6k 553 /688
Fluggetlen/dsszes WoS idéz6k 285/ 371
Flggetlen/dsszes Scopus idéz8k 2597362
Flggetlen/6sszes Google Scholar idéz6k 20/43
Flggetlen/6sszes WoS vagy Scopus idéz8k 3377443
Flggetlen/6sszes WoS vagy Scopus vagy GS idéz6k 3387450
Disszertacio, egyéb tipusu idézék 56 /56
Flggetlen, disszertacié tipusd WoS/Scopus/Google Scholar idéz8k 0/0/0
Fuggetlen, egyéb tipusti WoS/Scopus/Google Scholar idézék 4 0/0/0
h-index csak fuggetlen hivatkozasbdl ) 14
h-index az dsszes hivatkozasbol 15

https://m2.mtmt.hu/gui2/?type=authors&mode=browse&sel=10060181&view=pubTable2
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Megjegyzések:

1 Teljes tudomanyos kdzlemények az MTA doktori eljarasban (részletek)

2 Fuggetlen/osszes idéz8k kozott nem szerepelnek a disszertacié és az egyéb tipusu idézék
n.a. = nincs adat

52
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Nyilatkozat a habilitaciés eljarasrol

Dr. Hartung Ferenc
Vezets

Informatikai Tudoményok Doktori Iskola
Tisztelt Professzor Ur!

Dr. Guzsvinecz Tibor, mint a Pannon Egyetem Miiszaki Informatikai
Kar Informatikai Rendszerek és Alkalmazésai Tanszék egyetemi docense ha-
bilitacios eljaras lefolytatasat kezdeményezem az Informatikai Tudomanyok
Doktori Iskolanal a Miiszaki tudomanyok tudomanyteriileten, Informatikai
tudomanyok tudomanyéagon beliil, a Digitalis Valosag sziikebb tudomanyég-
ban. Ehhez kapcsoloddan nyilatkozom, hogy nincs folyamatban habilitécios
eljardsom, tovabba az elmilt két éven beliil nem utasitottak el habilitacios
kérelmemet. Tovabbé nyilatkozom, hogy tobbéves egyetemi oktatoi gyakor-
lattal rendelkezem.

Javaslataim a habilitacios eljaras nyilvanos szakaszédban tartandoé tan-

orai el6adasok témajara:

1. Adatalapt dontéstdmogatas: statisztikai modellek és értelmezésiik a
gyakorlatban (ZEMIIRM143AB)

2. A jatékmechanikak és jatékosélmény rendszerszintd megkozelitése
(VEMIIRN356JT)

3. Az adatbényaszat modszertani evolicidja: leir6 mintazatoktol a pre-
diktiv és dontéstamogaté modellekig (ZEGTLMMI116A)

Az eljaréas soran tartand6 tudomanyos kollokvium téméjanak cime:

A Multilayer Systems Approach to Modeling User and Player Experi-
ence in Interactive Digital Environments

Veszprém, 2026. aprilis 19.

Dr. Guzsvinecz Tibor



Nyilatkozat tobbéves egyetemi oktato6i
gyakorlatrol

Alulirott Dr. Guzsvinecz Tibor nyilatkozom, hogy a Pannon Egyete-
men 2014 6ta kutatoként, 2017 Gsze 6ta pedig oktatoként is veszek részt az
egyetemi tevékenységben. Oktatési és kutatasi feladataimat 2021. oktober
1-t6l adjunktusként, majd 2024. oktober 1-t6l egyetemi docensként latom el.

A Pannon Egyetemen oktatasi és kutatasi tevékenységet végeztem a
Villamosmérnoki és Informacios Rendszerek Tanszéken, majd az Informatikai
Rendszerek és Alkalmazasai Tanszéken.

Az egyetemi oktatéasban aktivan oktatott féléveim szama (beleértve a PhD
képzést is): 18.

Oktatoi munkam soran osztatlan képzésben, valamint doktori képzésben részt
vevs hallgatok szamara tartottam elGadésokat és gyakorlatokat. Az okta-
tott targyak kozé tartoztak adattudomanyi, multimédiés, programozasi, we-
bes, virtuélis valosaghoz kapcsolddo, valamint digitalis jatékfejlesztési témaju
kurzusok is. Az Informatikai Tudomanyok Doktori Iskola doktori képzésében
az alabbi targyak oktatasdban vettem részt:

e Jatékmechanikak és intelligens rendszerek a digitélis jatékfejlesztésben
e LLM-alapu interakciok XR kornyezetben
Az osztatlan képzésben az alabbi tantargyakat oktattam:
e A Data Science Alapjai
e A multimédia alapjai

Adatautomatizalas

Adatbanyéaszat 1.

Adatbanyaszat II.

Bevezetés a multimédidba

Bevezetés a szamitastechnikidba



e Informéaciés Technolodgia

e Mobil programozas

e Programozas I.

e Programozasi nyelvek

e Szamitogépes jatéktervezés és -fejlesztés
e Szamitogép-architekturak

e Virtualis valosag és alkalmazasai

e Web programozas I.

Web programozas II.

Témavezetsi tevékenységem keretében végzett hallgatok szama: 54.
Folyamatban 1évs, aktiv és passziv témavezetett hallgatok szama: 24.
Egyéni témavezetsként TDK-n részt vett hallgatok szama: 3, akik kozil 2
alapitvanyi vagy kari 6sztondijban részesiilt, 1 pedig tovabbjutott az OTDK-

ra.

TarstémavezetSként TDK-n részt vett hallgatok szama: 1, aki 6sztondijban
is részesiilt.

Folyamatban 1évG, egyéni témavezetésti TDK-hallgatok szama: 1, aki alapit-
vanyi 0sztondijban is részesiilt.

Folyamatban 1évs, tarstémavezetésti TDK-hallgatok szama: 4, akik koziil 3
kari 6sztondijban részestlt.

Jelenleg 3 PhD-hallgato tarstémavezetésében veszek részt, koziilik 2 a 6.
félévben, 1 pedig a 2. félévben jar.

Veszprém, 2026. aprilis 19.

Dr. Guzsvinecz Tibor
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Mi,
a Pannon Egyetem Rektora
€s Doktori Tanécsa

koszontjiik az Olvasot,
és ezennel hitelt érdeml6en tudatjuk, hogy

GUZSVINECZ Tibor

aki 1991. év november hé 7. napjan Nagyatad telepiilésen sziletett, miiszaki
- tudoményok tudoményteriileten, informatikai tudoményok tudoményagban szigoru
- vizsgélaton bizonyitotta kiemelkedd tudésat, ©nallo tudomédnyos munkéra vald
- alkalmassagat, és az Egyetem Doktori Szabélyzataban foglalt eléirasoknak

summa cum laude

mindsitéssel eleget tett.
Mindezek alapjan a Rank ruhdzott hatalomnal fogva, a térvények értelmében
a nevezettet doktornak nyilvanitjuk, és 6t a

doktor (PhD)
cim vagy a Dr. rovidités hasznalatara feljogositjuk.
Ennek hiteléiil ezt az oklevelet kiadtuk,

annak érvényét sajat kezli alairasunkkal
¢s a Pannon Egyetem pecsétjével megerositettiik.

Kelt Veszprém, 2021. év februar ho 8. napjan.

az Egyetemi Doktor{ Tanacs
elnoke

Rektor

A. T0. 3000/MA 1. sz. — 2000444 — Patria Nyomda Zrt.
Latta: OH részérél dr. V. R. 2019. X. 1.



ITDI habilitaciés adatlap

Palyazé neve:

A habilitacié tamogatasahoz sziikséges minimalis pontszam:
A palyazé 6sszpontszama

I. Fels6oktatasi tevékenység (0sszesen adhaté pontok szama) 100
1a.1. Oktatasi tapasztalat
Kontakt 6rak szama a palyazat benyujtasat megel6z6 tiz évben
Ebbél elbadas
1a.2. Hallgaték tanulmanyi, tudomanyos munkdjanak vezetése
Diplomamunka, szakdolgozat. TDK témavezetések szama
Osszesen (1a.1.+1a.2.)

1a.3. Gradudlis és/vagy posztgraduadlis, illetve a Bologna-rendszer
megfelel6 képzési szintjeinek barmelyikén szervezett el6adds, gyakorlat,
szemindrium tartdasa idegen nyelven.
Kontakt orak szama a palyazat benyujtasanak idépontjaig
(beleértve a kulfoldi vendégtanari meghivast).
Osszesen (1a.3.)

1b. Oktatasfejlesztési tevékenység, eredményesség
Targyfelel6sség — kotelez6 targy, db
Targyfelel6sség — fakultativ targy, db
Erdemi részvétel tantargy fejlesztésében, db
jegyzet, tankonyv, legalabb 100 oldalas oktatasi segédlet vagy
digitalis tananyag (els6 vagy egyeduli vagy legalabb 50%-ban
szerzbje), db

Osszesen (1b.1.+1b.2.)

I. Fels6oktatasi tevékenység 6sszesen

ll. Tudomanyos tevékenység (6sszesen adhaté pontok szama) 100
2a.1. Kiemelkedé tudomanyos, kutatéi munkdssag (a palydzat
Rendelkezik-e MTA doktora cimmel? (igen/nem)
MTA kovetelmények telieslilése: Q érték
MTA kovetelmények teljesiulése: | érték
Osszesen (2a.1.)

2a.2. Fiatal oktaték tudomanyos munkajanak vezetése, témavezetdi
részvétel doktori képzésben

Fokozatot szerzett PhD-hallgato, f6 (tarstémavezetés 0,5 f6)
Jelenlegi doktoranduszok, doktorjeléltek, f6 (tarstémavezetés 0,5
f6)

2a.3. Miihelyteremt6 képesség 57
Mdihelyteremt6 tevékenység (pl.: kutatdcsoport vezetdje es/vagy
alapitéja), db

Dr. Guzsvinecz Tibor
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ITDI habilitaciés adatlap

2a.4. Szakmai kozéleti tevékenység
Szakmai kozéleti tevékenység (pl.: egyetemi szakmai bizottsag
vezet6je vagy tagja, mas egyetem valamely bizottsaganak kulsé
tagja, egyetemen kivili szakmai testilet tagja, egyetemi szenatus,
kari tanacs tagja, egyetemi szakmai bizottsag elnéke vagy tagja),
db

Osszesen (2a.2.+2a.3.+2a.4.)

2b.1. Kutatasszervezési tapasztalat, eredményesség
Elnyert orszagos vagy nemzetkozi kutatasi/fejlesztési/innovacios
palyazat témavezetése, db
Erdemi részvétel orszagos vagy nemzetkdzi
kutatasi/fejlesztési/innovaciés palyazat megvaldsitasaban, db
Intézményi palyazat témavezetése, db

Osszesen (2b.1.)

2b.2. Hazai és nemzetkdzi elismertség
Hazai vagy nemzetkdzi tudomanyos szervezet elndke, db
Hazai vagy nemzetkdzi tudomanyos szervezet elndksegi tag,
konferencia elnok, db
Tarselndk, szekcidszervezb elndk, felkért plenaris eléadd,db
Osszesen (2b.2.)

Il. Tudomanyos tevékenység osszesen

38

21
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0
9
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2

75




1. Fels6oktatasi tevékenység

la.1 Oktatasi tapasztalat

Az alabbi tablazat az oktatasi tevékenységet foglalja 6ssze féléves bontasban.
Az oktatoi részvételi ardny nem szerepel a tablazatban; az 6sszes kontakt éra
a tényleges (aranyos) értéket tiikrozi.

Félév Tantargy Kontakt ti- Heti Osszes
pus ora ora
2017/2018/1 Virtuélis valosag 1. Elmélet 2 14
2017/2018/1 Virtualis valésag 1. Gyakorlat 2 14
2017/2018/1 Mobil programozas Elmélet 2 11,2
2017/2018/1 Mobil programozas Labor 2 11,2
2017/2018/2 Virtualis valésag 1. Elmélet 2 14
2017/2018/2 Virtualis valosag I. Gyakorlat 2 14
2018/2019/1 Bevezetés a multimédiaba Labor 3 13,86
2018/2019/1 Mobil programozas Elmélet 2 11,2
2018/2019/1 Mobil programozas Labor 2 11,2
2018/2019/1 Web programozéas 1. Labor Levelezs 12
2018/2019/2  Bevezetés a multimédiaba Labor Levelezs 18
2018/2019/2 Virtualis valosag 1. Elmélet 2 21
2018/2019/2 Virtualis valosag 1. Gyakorlat 2 21
2018/2019/2 Virtualis valosag 1. Elmélet Levelez6 24
2018/2019/2 Web programozas I1. Labor Levelezs 12
2019/2020/1 Mobil programozas Elmélet 2 14
2019/2020/1 Mobil programozas Labor 2 14
2019/2020/1 Mobil programozas Labor 2 14
2019/2020/1 Mobil programozas Labor 2 28
2019/2020/1 Mobil programozas Labor 2 28
2019/2020/1 Mobil programozas Labor Levelezs 12
2019/2020/1 Web programozas 1. Labor Levelez6 12
2019/2020/2 Programozéasi nyelvek Elmélet 2 14
2019/2020/2 Programozéasi nyelvek Labor 2 14
2019/2020/2 Web programozas II. Labor Levelez6 12
2020/2021/1 A multimédia alapjai Elmélet 1 0,84
2020/2021/1 A multimédia alapjai Labor 3 2,52
2020/2021/1 Bevezetés a multimédiaba Elmélet 1 0,84
2020/2021/1  Bevezetés a multimédiaba Labor 3 2,52
2020/2021/1 Mobil programozas Elmélet 2 14
2020/2021/1 Mobil programozas Labor 2 28
2020/2021/1 Mobil programozas Labor Levelez6 12
2020/2021/1 Programozési nyelvek Elmélet 2 4,48
2020/2021/1 Programozasi nyelvek Labor 2 4,48

59

folytatds a kévetkezd oldalon



Félév Tantargy Kontakt ti- Heti Osszes
pus ora ora
2020/2021/2 Adatautomatizalas Gyakorlat 2 28
2020/2021/2 Szamitogép-architekturak Elmélet 2 28
2020/2021/2 Szamitogép-architektarak Gyakorlat 1 14
2020/2021/2 Web programozas II. Labor Levelezg 12
2021/2022/1 A szamitastechnika alapjai Elmélet 2 28
2021/2022/1 A szamitastechnika alapjai Elmélet Levelezg 12
2021/2022/1 Adatautomatizalas Gyakorlat 2 28
2021/2022/1 Programozas 1. Gyakorlat 2 28
2021/2022/1 Programozéas 1. Gyakorlat 2 28
2021/2022/1 Web programozés 1. Labor 2 28
2021/2022/1 Web programozés 1. Labor Levelezs 12
2021/2022/1 Web programozas I. Labor Levelezé 12
2021/2022/2 Adatautomatizalas Gyakorlat 2 28
2021/2022/2 Szamitastechnika I. Labor 3 21
2021,/2022/2 Szamitastechnika I. Labor Levelezé 18
2021/2022/2 Szamitogép-architekturak Elmélet 2 28
2021/2022/2 Szamitogép-architekturak Gyakorlat 1 14
2021/2022/2 Szamitoégép-architekturak Elmélet Levelez6 18
2021/2022/2 Web programozas II. Labor 2 28
2021/2022/2 Web programozas I1. Elmélet Levelezg 12
2021/2022/2 Web programozas I1. Labor Levelezs 12
2022/2023/1 A szamitastechnika alapjai Elmélet 2 28
2022/2023/1 A szamitastechnika alapjai Elmélet Levelezs 12
2022/2023/1 Adatbanyészat Elmélet Levelezg 18
2022/2023/1 Programozéas 1. Elmélet 2 28
2022/2023/1 Programozas 1. Labor 2 28
2022/2023/1 Programozéas I. Elmélet Levelez6 24
2022/2023/1 Web programozas 1. Labor 2 28
2022/2023/1 Web programozas 1. Labor Levelezs 12
2022,/2023/2 Adatautomatizalés Gyakorlat 2 28
2022/2023/2 Szamitastechnika I. Labor 3 21
2022/2023/2 Szamitastechnika I. Labor Levelez6 18
2022/2023/2 Szamitogép-architekturak Elmélet 2 28
2022/2023/2 Szamitogép-architektarak Gyakorlat 1 14
2022/2023/2 Szamitégép-architekturak Elmélet Levelez6 18
2022/2023/2 Web programozas II. Elmélet Levelezs 12
2023/2024/1 A data science alapjai Elmeélet 1 14
2023/2024/1 A data science alapjai Gyakorlat 1 14
2023/2024/1 A data science alapjai Elmélet Levelez6 12
2023/2024/1 Adatbanyéaszat I1. Elmélet Levelez6 12
2023/2024/1 Informécios technologia Elmélet Levelez6 12
2023/2024/1 Mobil programozas Elmélet 2 28
2023/2024/1 Mobil programozas Labor 2 28
2023/2024/1 Mobil programozas Elmélet Levelezs 24
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Félév Tantargy Kontakt ti- Heti Osszes

pus ora ora
2023/2024/1 Szamitogépes jatéktervezés és -  Elmélet 2 28
fejlesztés
2023/2024/1 Szamitogépes jatéktervezés és -  Labor 2 28
fejlesztés
2023/2024 /2 Adatbanyaszat Elmélet 1 14
2023/2024/2 Adatbanyészat Gyakorlat 2 28
2023/2024/2 Adatbanyaszat Elmélet Levelez6 18
2023/2024/2 Szamitogépes jatéktervezés és - Elmélet 2 28
fejleszteés
2023/2024/2 Szamitogépes jatéktervezés és - Labor 2 28
fejlesztés
2023/2024/2 Web programozés Elmélet 2 28
2023/2024/2 Web programozas Labor 2 28
2023/2024/2 Web programozés Elmélet Levelez6 24
2024,/2025/1 A data science alapjai Elmélet 1 14
2024/2025/1 A data science alapjai Gyakorlat 1 14
2024/2025/1 A data science alapjai Elmélet Levelezg 12
2024/2025/1 Adatbanyéaszat 1. Elmélet Levelez6 12
2024/2025/1 Informaécios technologia Elmélet 2 28
2024/2025/1 Informacios technologia Elmélet Levelezs 12
2024,/2025/1 Mobil programozas Elmélet 2 28
2024/2025/1 Mobil programozas Labor 2 28
2024/2025/1 Mobil programozas Elmélet Levelez6 24
2024/2025/1 Szamitogépes jatéktervezés és -  Elmélet 2 28
fejlesztés
2024/2025/1 Szamitogépes jatéktervezés és - Labor 2 28
fejleszteés
2024/2025/2 Adatbanyaszat Elmélet 1 14
2024,/2025/2 Adatbanyaszat Gyakorlat 2 28
2024/2025/2 Adatbanyészat Elmélet Levelezg 18
2024,/2025/2 Adatbanyéaszat I1. Elmélet Levelez6 12
2024/2025/2 Szamitogépes jatéktervezés és - Elmélet 2 28
fejleszteés
2024,/2025/2 Szamitogépes jatéktervezés és - Labor 2 28
fejlesztés
2024,/2025/2 Web programozés Elmélet 2 28
2024,/2025/2 Web programozas Labor 2 28
2024/2025/2 Web programozés Elmélet Levelez6 24
2025/2026/1 A data science alapjai Elmélet 1 14
2025/2026/1 A data science alapjai Gyakorlat 1 14
2025/2026/1 A data science alapjai Elmélet Levelezg 12
2025/2026/1 Adatbanyaszat 1. Elmélet Levelezs 12
2025/2026/1 Informaécios technologia Elmélet 2 28
2025/2026/1 Informécids technologia Elmélet Levelez6 12
2025/2026/1 Mobil programozas Elmélet 2 28

folytatds a kévetkezd oldalon
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Félév Tantargy Kontakt ti- Heti Osszes

pus ora ora
2025/2026/1 Mobil programozas Labor 2 28
2025/2026/1 Mobil programozas Elmélet Levelez6 24

Az alabbi téblazat a jelenlegi (folyamatban 1évG) félévben végzett okta-
tasi tevékenységemet tartalmazza, ezért a benne lévd targyakat nem vettem
figyelembe az ITDI pontszamito tablazatban.

Félév Tantargy Kontakt ti- Heti Osszes
pus ora ora
2025/2026/2 Adatbanyaszat Elmélet 1 14
2025/2026/2 Adatbanyaszat Gyakorlat 2 28
2025/2026/2  Adatbanyaszat Elmélet Levelezs 18
2025/2026/2 Adatbanyéaszat I1. Elmélet Levelez6 12
2025/2026/2  Web programozas Elmélet 2 28
2025/2026/2 Web programozas Labor 2 28
2025/2026/2 Web programozés Elmélet Levelez6 24
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1la.2 Hallgaték tanulmanyi, tudomanyos munkijanak ve-

zetése

Szakdolgozatok és diplomamunkak — végzett hallgatok

A jelolések: MI (Mérnokinformatikus), PTI (Programtervezs informatikus),
GI (Gazdasaginformatikus), UI (Uzemmérnok-informatikus), AT (Adattudo-
méany), BC (Business coach).

Ev  Hallgat6 neve Szak Dolgozat cime

2018  Jandas Bence MI BSc VR jaték fejlesztése Kinect szenzoros vezérléssel

2018  Reich Dominik PTI BSc Gear VR alkalmazasa Leap Motion szenzoros
vezérléssel

2019  Horvath Balint PTI BSc E-sport alkalmazas fejlesztése webes technolo-
gidk felhasznalaséaval

2019  Horvath David PTI BSc VR jaték fejlesztése Kinect szenzoros vezérléssel

2020  Borscs Andras PTI BSc Automatikusan tesztelhetd programozasi fel-
adatok és/vagy a hozza hasznalhato keretrend-
szer kidolgozasa

2020 Kovacs Csaba PTI BSc Gear VR alkalmazasa Kinect szenzoros vezér-
léssel

2020  Oravecz Maté Géabor PTI BSc Teljesitményelemz6 modul fejlesztése virtualis
valosag alapu alkalmazasokhoz

2020  Puskas Andras PTI BSc Unity és Unreal Osszehasonlitasa ugyanazon
applikicid segitségével

2020  Szeles Monika GI BSc VR jatékfejlesztés térérzékelés javitdsara

2020  Unger Balint GI BSc E-sport alkalmazas fejlesztése webes technolo-
giak felhasznalasaval

2020  Zoboki Gergd Csanad PTI BSc VR jaték fejlesztése memoria javitasara

2021  Balint Klaudia GI BSc VR jatékfejlesztés rehabilitacids célokra

2021  Budai Méark PTI BSc Jaték fejlesztése testre szabhatd palyageneralo
algoritmussal

2021  Horvath Daniel PTI BSc Godot és Unity 0Osszehasonlitdsa ugyanazon
applikicid segitségével

2021  Szabo Alexandra PTI BSc Online jaték fejlesztése

2021  Szabo Mateé PTI BSc Hang alapu tajékozodasi készséget mérg VR al-
kalmazas fejlesztése

2021  Szekeres Zsolt PTI BSc Képfeldolgozd modul fejlesztése Digital Signage
rendszerhez

2022  Edelényi-Szabo Viktor PTI BSc Unreal Engine alapu épitészeti vizualizacios
szoftver

2022  Gulyas Gergely MI BSc RFID alapt be- és kiléptets rendszer fejlesztése

2022 Harsanyi Anna Kamilla  PTI BSc VR jaték, mint a nyelvoktatas kiegészité mod-
szere

2022  Krivarics Dominik Ro6- GI BSc Irodai automatizalas szkriptnyelvek segitségé-

bert

vel a gyakorlatban
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Ev Hallgat6 neve Szak Dolgozat cime

2022  Orbéan Daniel U1 Kiterjesztett valosag alapi modell készitése és
megvalositasa kismegszakitok gyartasi folyama-
tdhoz az operatori munka tamogatasara

2023  Boros Viktor PTI BSc To6bbszemélyes applikacio fejlesztése Androidra

2023  Csali Tibor PTI BSc Jaték fejlesztése kiilonb6z6 nehézségi fokkal

2023  David Franciska GI BSc A Dbeszerzési logisztika bemutatasa a MAM-
Hungaria Kft.-nél

2023  Doma Maéarton GI FOKSz  2D-s repkedd madar

2023  Géringer Abel Robert PTI BSc Tower Defense stilusi tobbszemélyes jaték fej-
lesztése

2023  Gorza B. Zoltan GI BSc How and how not to develop software

2023  Iker Eniks GI BSc Idépontfoglalé mobilapplikacio

2023  Kertész Domonkos PTI BSc VR jatékfejlesztés rehabilitacios célra

2023  Kollar Bence GI FOKSz  Id6mérs autos jaték

2023  Krénicz David GI BSc Forgogongydleg aramlés egy gépjarmi alkatré-
szeket gyarto cégnél

2023  Rosta Hella GI BSc Informatikai alkalmazéasok konyvtari kornyezet-
ben

2024  Csonka Viktor PTI BSc Mesterséges intelligencia tanuldsanak megfigye-
lése és befolyésolasa

2024  Duzsik Dominik PTI BSc Miifajok k6zotti szovegelemzés és rekrealas ma-
chine/deep learning algoritmussal

2024  Horvath Bence GI FOKSz  Elet a mesterséges intelligenciaval — okosottho-
nok

2024  Ladonyi Dzsenifer GI BSc Segité funkciok vizsgalata videojaték miifajok
kozott

2024  Németh Matyas GI BSc Segité funkciok vizsgéilata videojaték miifajok
kozott

2024  Sagi Bianka GI BSc Idépontfoglald applikacié fejlesztése okostele-
fonra

2024  Toth Robert GI FOKSz  Anyagkdnyvels rendszerek integraldsa a ma-
gyarorszagi KKV szektorban

2024  Varga Marcell Maté GI FOKSz  Raktarozo és készletnyilvantartd szoftver

2025  Fekete Gergd PTI BSc A nehézségi fokozatok hatasa a videojatékokra

2025 Horvath Erik Maté GI BSc 3D nyomtatassal foglalkozo vallalkozés tizleti
terve

2025 Kami Tamés David PTI BSc Jatékfejlesztés népszertiség alapjan

2025  Kiraly Balazs GI BSc Féellenségek elemzése és implementalasa

2025  Kiss David Emil PTI BSc Elbukasi jatékmechanikdk elemzése és imple-
mentalasa

2025 Kovacs Lajos Bendegiiz ~ PTI BSc Teljesitményelemz6 modul fejlesztése Souls ja-
tékokhoz

2025 Magyar Mark Laszlo BC A digitélis coaching trendjei, lehetdségei és kor-
latai

2025 Neémeth Lilla Noémi PTI BSc Grafikai elemek hatasa a jatékélményre
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Ev Hallgat6 neve Szak Dolgozat cime

2025 Neémeth Maté PTI BSc Jatékfejlesztés a harcrendszerek hatasainak
vizsgalatara

2025  Szendi Bianka Zita PTI BSc A jatékfizika hatésai a jatékélményre

2025  Térkanyi Levente MI BSc Jaték fejlesztése reakcioidé mérésére

2026  Bodis Eszter Zsofia PTI BSc Jatékfejlesztés a nehézség hatasainak vizsgéla-
tara

2026  Horvath Alex Levente PTI BSc Jatékfejlesztés hanghatasok hatésainak vizsga-

latéra

Szakdolgozatok és diplomamunkak — folyamatban lévé témavezeté-

sek

Hallgat6 neve Szak Dolgozat tervezett cime

Agyagasi Ferenc Attila PTI BSc 2D platformer jaték fejlesztése dinamikus fényme-
chanikéakkal

Czuppon Andras PTI BSc Digitalis tankonyv fejlesztése

Doma Marton GI BSc Személyre szabott étteremajanlé webalkalmazas fej-
lesztése mesterséges intelligencia alapt preferencia-
modellezéssel

Foldesi Attila PTI BSc A parry mechanika vizsgalata kiillonb6z6 nézetekben

Folding Gergs
For Rajmund
Horvath Henrik
Horvath Kornél

Kiraly Matyas
Kormendi Dominik

Mardécesik Marcell Gabor
Naszvadi Péter
Panczél Barnabas

Papp Loérant Mark

Pintér Zsolt Tamaés

és audiovizuélis kérnyezetekben
PTI BSc Flow-kozpontu jatékfejlesztés

GI BSc Tékepiaci kereskedési stratégiak elemzése és valida-
lasa Python-alapt backtesting keretrendszer segitsé-
gével

PTI BSc Térbeli képességek fejlesztése 3D navigacios jaték se-
gitségével

MI BSc Machine learning alapti nehézségszabalyozassal ren-
delkez6 videojaték fejlesztése

PTI BSc Virtualis kérnyezet fejlesztése a tavolsag érzékelésére

PTI BSc Soulslike platformer jaték fejlesztése tanulési folya-

matok és kihivaskezelési stratégidk vizsgalatara
PTI BSc Retro stilusu FPS jaték fejlesztése Unityben nem-
euklideszi tértorzulasokkal

AT MSc Nagy nyelvi modellek szerepe az interaktiv jatékok
adaptiv torténetmesélésében
PTI BSc Narrativa és kornyezeti torténetmesélés elemzése a

Dark Souls vilagaban

PTI BSc Parametrikus VR-alapt 3D hanglokalizacios kisérle-
ti kornyezet fejlesztése Meta Quest eszkdzre Unity
motorban

PTI BSc Droénrajt szimulalé alkalmazas fejlesztése

folytatds a kovetkezd oldalon
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Hallgat6 neve Szak Dolgozat tervezett cime

Reizinger Balazs MI BSc Roguelike jaték fejlesztése progresszios mechanikak
hatésvizsgalatéara

Safrany Daniel PTI MSc KépernyGalapt eseményelemzés Soulslike jatékokban
szamitogépes képfeldolgozassal

Sandor Krisztian PTI BSc Szavazorendszer implementalédsa blockchain techno-
logiaval

Somogyi-Magyar Milan GI BSc Parametrikus VR-alaptu 3D hanglokalizacios kisérle-

ti kornyezet fejlesztése Meta Quest eszkozre Unreal
Engine motorban

So6s Andrés GI BSc Parametrikus VR-alapu 3D hanglokalizacios kisérle-
ti kornyezet fejlesztése Meta Quest eszkozre Unity
motorban

Sods Matyas PTI BSc Adaptiv nehézségi rendszerek fejlesztése Souls-like
jatékmechanikak alapjan

Tokos Roland GI BSc Skalazhato felhGalaptu datapipeline és gépi tanulas
alapu idGjaras-elérejelz6 rendszer fejlesztése

Vauver Bence PTI BSc Parametrikus VR-alaptu 3D hanglokalizacios kisérle-

ti kornyezet fejlesztése Meta Quest eszkozre Unreal
Engine motorban

Vorosilov Alexander PTI BSc Mobilalkalmazas alapt karakterfejlesztési rendszer
implementalasa

TDK témavezetések — befejezett

Ev Hallgaté neve Szak Dolgozat cime Helyezés Megjegyzés

2019 Szeles Monika GI BSc VR jatékfejlesztés térérzékelés Dicséret egyéni tv.
javitasara

2023 Csonka Viktor PTI BSc  Mesterséges intelligencia tanu- III. hely egyéni  tv.;
lasanak megfigyelése és befolyé- OTDK;
solasa Osztondij

2024 Bajnoczy Zsofia  GI BSc Képfeldolgozasi  algoritmusok Dicséret tars tv.; Osz-
hatékonysidganak  statisztikai tondij
analizise a PE ZEK virtuélis
terében

2025  Kovacs Lajos PTIBSc A hangulat és érzelmek Ossze- Dicséret egyéni  tv;

Bendegiiz fliggése a teljesitménnyel video- Osztondij

jatékokban
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TDK témavezetések — folyamatban 1évs

Hallgat6 neve Szak Dolgozat tervezett cime Megjegyzés
Rozner Anna, Tokos Ro- GI BSc Amikor a kidosz beszél: za- tars tv.; osztondij
land jos  felhasznaldi  szovegek
feldolgozésa és értelmezése
BERT-alapt nyelvi modellel
videojaték-értékelések esetén
Sandor Krisztian PTI BSc Szavazérendszer implementa- egyéni tv.; 6szton-
lasa blockchain technologia- — dij
val
So6s Andras GI BSc Miért pont ezt jatszod? - tars tv.
Kapcsolat a jaték miifajok és
az érzelmek kozott
Szokolszky Almos Istvan GI BSc Erzelmekbsl miifajt? — Gé-  tars tv.; 6sztondij

pi tanulas és mélytanulas a
Steam-jatékértékelések elem-
zésében
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1b Oktatasfejlesztési tevékenység

TargyfelelGsség

Uzenetek

Beérkezett iizenetek (447)
Elkuldott Gzenetek

Archivalt lizenetek
Beallitasok

Cimtar

Kedvenc funkciék

Dr. Guzsvinecz Tibor - ZSOUNC | (39:

Tanulmanyi rendszer Neptun Meet Street
Sajat adatok Oktatas Vizsgik, jegybeiras Informacio Ugyintézés Szakdolgozat
¥ Targyak
Aktualitasok v
n Sziirések Targy tipus:: Sajat targyak, Félévek: Minden, Kurzussal rendelkezé targyak: Nem
Targy tipus:: @Sajét targyak
Ooktatott targyak
OMinden tipus
Félévek: [Minden v

Kurzussal rendelkezd

targyak:

Miiveletek: | Hozzaadas a kedvencekhez |

:41)

Kijel
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Targyak Targy statisztikak
Targyak listaja /!
1 Oldalméret|[:
Targykéd Targy neve lal Kovetelmény Tipus Félév Kurzu
ZEGTLMM116A Adatbényaszat I. Folyamatos szamonkérés S 2025/26/1 V
ZEGTLMM116A Adatbénydszat I. Folyamatos szdmonkérés S 2022/23/1 V
ZEGTLMM116A Adatbénydszat I. Folyamatos szdmonkérés S 2024/25/1 V
ZEGTLMM116A Adatbénydszat I. Folyamatos szdmonkérés S 2021/22/1 V
ZEMIIRM143AB Adatbényaszat II. Folyamatos szdmonkérés S 2024/25/1 V
ZEGTIRM146AB Adatbényaszat II. Folyamatos szdmonkérés S 2023/24/1 V
ZEMIIRM143AB Adatbényaszat II. Folyamatos szamonkérés S 2025/26/2 V
ZEMIIRM143AB Adatbényaszat II. Folyamatos szamonkérés S 2024/25/2 V
VEMISAP254A Adatelemzés és vizualizacié Folyamatos szamonkérés S 2023/24/1 x
NKMISAP254A Adatelemzés és vizualizacié Folyamatos szamonkérés S 2023/24/1 >4
VEMIVIB233RP R programozas Folyamatos szamonkérés S 2023/24/1 x
ZEMIIRB155S SQL uzleti alkalmazésokhoz Folyamatos szamonkérés S 2025/26/1 v
ZEMIIRB155S SQL lizleti alkalmazasokhoz Folyamatos szamonkérés S 2021/22/1 v
ZEMIIRB155S SQL lizleti alkalmazasokhoz Folyamatos szamonkérés S 2024/25/1 v
VEMIIRN356]T Szémitégépes jatéktervezés és - é F 0s szamonkérés S 2024/25/2 v
VEMIIRN356JT Szamité jatéktervezés és -fejleszté: F amonkéré S 2023/24/1 V
VEMIIRN356JT Szamitégé jatéktervezés és -fejleszté F amonkéré S 2023/24/2 V
VEMIIRN356JT Szamité jétéktervezés és -fejleszté: F dmonkéré S 2024/25/1 V
NKMIIRN356]T Szamitégépes jatéktervezés és -fejleszté: X szémonkérés S 2023/24/1 x
Talalatok szama:1-19/19 (0 ms)
Targytipus:
- Sajat (On a targyfelelés oktatd),
- Oktatott (On valamely kurzus oktatéja),
- Minden tipus (On a targyfelelés oktaté, vagy valamelyik kurzus
6ja, vagy mi t6 egy re).
A targyak a tipus ('S/0') az 'S' a sajat targyat
jelenti, az '0' az oktatott targyat.
Segitség  Sugs Oldaltérkép  ®.g @}



Erdemi részvétel tantargy fejlesztésében

vl | Pannon Egyetem

Muszaki Informatikai Kar
2k

i s,

DIGITALIS VALOSAG

I}

Jatékmechanikdk és intelligens rendszerek
a digitdlis jatékfejlesztésben

Targyfelelds: Dr. Guzsvinecz Tibor, egyetemi docens, PhD

A tantargy a digitdlis jatékfejlesztés egyik kézponti elemére, a
jatékmechanikdkra fékuszdl. Bemutatja a mechanikdk tervezési, modellezési és
programozdasi modszereit, kilénds tekintettel az intelligens rendszerek,
mesterséges intelligencia és adatvezérelt technikak alkalmazaséra a
jatékmenet adaptiv és dinamikus alakitdsdban. A kurzus sordn a hallgaték
megismerkednek a komplex jatékmechanikai modellezéssel, a jatékos
viselkedés elemzésével, valamint azok gyakorlati megvalésitasdval kilénbdzd
platformok szdméra. A kurzus célja, hogy a résztvevék képesek legyenek
innovativ, intelligens és felhaszndlé-kézpontd jatékmechanikak tervezésére,
implementalasdra és tesztelésére.
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Témakorok:

o Jatékmechanika definicidja, tipusai és modelljei

¢ Interaktiv rendszerek és mechanikai visszacsatolds

e Adatvezérelt jatékmechanika-elemzés (pl. jatékos viselkedés, toxicitas)
¢ Adaptiv nehézségi algoritmusok és dinamikus jatékviladgok

e Mesterséges intelligencia alkalmazésa jatékmenetben (NPC-k, PVE
rendszerek)

e Mechanikai elemek integralasa digitdlis kérnyezetekben
o Jatékfejleszté motorok

o Kisérleti modszerek és jatékos-kdzpontd tesztelés

Irodalom:

Aleksi¢, V. (2024). Using Artificial Intelligence Concepts to Design Non-Playable
Characters in Road Traffic Safety Games. In 10th International Scientific
Conference Technics, Informatics and Education-TIE 2024. Faculty of Technical
Sciences Cacak, University of Kragujevac.

Guzsvinecz, T. (2025). The Soulsification of video games. Multimedia Tools and
Applications, 84, 14827-14853. https://doi.org/10.1007/s11042-024-19628-4

Guzsvinecz, T., & SzUcs, J. (2023). Length and sentiment analysis of reviews
about top-level video game genres on the steam platform. Computers in
Human Behavior, 149, 107955. https://doi.org/10.1016/j.chb.2023.107955

Holmgdrd, C., Green, M. C,, Liapis, A, & Togelius, J. (2018). Automated playtesting
with procedural personas through MCTS with evolved heuristics. IEEE

Transactions on Games, 11(4), 352-362. https://doi.org/10.1109/7G.2018.2808198

Skinner, G., & Walmsley, T. (2019). Artificial intelligence and deep learning in
video games a brief review. In 2019 IEEE 4th international conference on

70



computer and communication systems (icccs) (pp. 404-408). IEEE.
https://doi.org/10.1109/CCOMS.2019.8821783

Summerville, A, Shodgrass, S., Guzdial, M., Holmgdrd, C.,, Hoover, A. K, Isaksen, A,
Nealen, A, & Togelius, J. (2018). Procedural content generation via machine
learning (PCGML). IEEE Transactions on Games, 10(3), 257-270.
https://doi.org/10.1109/7G.2018.2846639

Yannakakis, G. N, & Togelius, J. (2018). Artificial intelligence and games (Vol. 2,
pp. 2475-1502). New York: Springer. https://doi.org/10.1007/978-3-319-63519-4

Minden jog fenntartva © 2025 Pannon Egyetem, MUszaki Informatikai Kar
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LLM-alapu interakcidk XR kdérnyezetekben

Targyfelelds: Dr. Guzsvinecz Tibor, egyetemi docens, PhD

A targy célja a nagy nyelvi modelleken (LLMs — Large Language Models)
alapuld adaptiv interakcidk lehetéségeinek és kihivasainak vizsgdlata
kalénbozd digitalis valésdgokban. A fokusz a természetes nyelvl interakcidkra,
a személyre szabott élményekre, a tanuldsi/rehabilitéciés tdmogatésra és a
dinamikusan generdlt tartalmak felhaszndaloi éimény és jelenlétérzés
szempontjabdl vald hatasvizsgdalatara kerudl. A kurzus betekintést nydjt az LLM-
szocidlis jelenlét koncepcidjaba, valamint kvalitativ &s kvantitativ modszertani
megkdzelitésekbe, amelyekkel mérhetd az interakcidk hatékonysdga XR
kérnyezetekben. A kurzus sorén kiemelt szerepet kap a kisérleti tervezés,
felhasznaléi tanulmdanyok lebonyolitadsa, valamint a prototipusok kritikai
értékelése is.

72



Témakorok:

¢ Bevezetés az LLM-ek mUkddésébe

e Természetes nyelvl interakciok XR-ben

¢ Jelenlét és immerzié nyelvi tdmogatdssal

e Persona-generdlds LLM-mel XR kérnyezetekhez
¢ Implementécio6 digitdlis valésagokban

o Kockdazatok, etikdk, kognitiv terhelés

¢ Prototipus-prezentdcid és kritikai elemzés

Irodalom:

Bozkir, E, Ozdel, S, Lau, K. H. C,, Wang, M., Gao, H., & Kasneci, E. (2024). Embedding
large language models into extended reality: Opportunities and challenges for
inclusion, engagement, and privacy. In Proceedings of the 6th ACM Conference
on Conversational User Interfaces (pp. 1-7).
https://doi.org/10.1145/3640794.366556

Gao, H, Xie, Y., & Kasneci, E. (2025). PerVRML: ChatGPT-Driven Personalized VR
Environments for Machine Learning Education. International Journal of Human-
Computer Interaction. https://doi.org/10.1080/10447318.2025.2504188

Hutson, J. (2024). Combining Large Language Models and Immersive
Technologies to Represent Cultural Heritage in the Metaverse Context. In
Augmented and Virtual Reality in the Metaverse (pp. 265-281). Cham: Springer
Nature Switzerland. https://doi.org/10.1007/978-3-031-57746-8 _14

Rahimi, F,, Sadeghi-Niaraki, A, & Choi, S. M. (2025). Generative Al Meets Virtual
Reality: A Comprehensive Survey on Applications, Challenges, and Future
Direction. IEEE Access. https://doi.org/10.1109/ ACCESS.2025.3574779

S&nchez-Berriel, I, Pérez-Nava, F., & Pérez-Rosario, L. (2025). Natural Interaction
in Virtual Heritage: Enhancing User Experience with Large Language Models.
Electronics, 14(12), 2478. https://doi.org/10.3390/electronics14122478

Tang, Y, Sity, J,, Cui, A. Y., Wu, M, & Huang, Y. (2025, April). LLM Integration in

Extended Reality: A Comprehensive Review of Current Trends, Challenges, and
Future Perspectives. In Proceedings of the 2025 CHI Conference on Human
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Factors in Computing Systems (pp. 1-24).
https://doi.org/10.1145/3706598.3714224

Minden jog fenntartva © 2025 Pannon Egyetem, MUszaki Informatikai Kar
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Tantargyi adatlap Uj tantargy engedélyezéséhez

Tantargy neve / Course name

WERVEWINR programozas

ELCIPIMR programming

Kotelezo el6tanulmany(ok) kodja(i): | Statisztika | |
Targyfelel6s oktatd neve: Targyfelel6s egység neve:
Dr. Guzsvinecz Tibor IRAT (Informatikai rendszerek és Alkalmazasai Tanszék)
Az oktatas féléve: |[6szi r |tavaszi r |mindkettd o |Kreditértéke: [ 3
Oraigény |el6adas |szeminarium [lab.gyak.[szamonkérés formaja Folyamatos szamonkérés (F)
ora/hét 0 0 2 értékelés tipusa otfokozatu
. s . . . . Szabadon valaszthaté targy a gazdasaginformatikus BSc
ora/félév 12 |A meghirdetés mintatantervei: Képzés tantervében.
Oktatas célja
Az el6irt szakmai kompetenciaknak, kompetencia-elemeknek a felsorolasa, amelyek kialakitasahoz a tantargy jellemzéen,
érdemben hozzajarul (tudas, képesség, attitlid, autonomiaja és felel6ssége)

A targy célja 6sszetett adatelemzések (logisztikai, pénzligyi, egyéb gazdasagi elemzések) elvégzésére vald felkészités
elméleti és gyakorlati alkalmazasokkal, valamint a hallgaték elemzésmédszertani ismereteinek fejlesztése, amely
hozzajarul a szakmailag jol megalapozott dontések el6készitéséhez.

Tudas:

- Ismeri a programozassal 6sszefliggésben az alapvetd programozasi strukturakat, a szoftverfejlesztés modszertanat
és a fontosabb programozasi kérnyezeteket.

magyarul

Képesség:

- Képes uzleti folyamatok megértésére, elemzésére, a végrehajtast segité szoftveralkalmazasok kdvetelmény-
specifikaciojanak elkészitésére, elvégzésére, egyszeriibb programozasi feladatok végrehajtasara.

- Képes az izleti és informatikai szakemberekkel egylttmiikddve, a leghatékonyabb IT-megoldasok felhasznalasaval
gazdasagi problémak megoldasi valtozatainak elkészitésére, informatikai tamogatas, fejlesztés kezdeményezésére,
végrehajtasara.

- Kisebb fejlesztési projekteket tervez és iranyit.

The aim of the course is to prepare the students for complex data analyses (logistical, financial, other economic
analyses) with theoretical and practical applications, as well as to develop their knowledge of analytical methodology,
which contributes to the preparation of well-founded decisions.

Knowledge:
-The students know the basic programming structures, software development methodology, and major programming
SRR o nvironments in the context of programming.

Abilities:

- The students are able to understand and analyze business processes, prepare and execute requirements
specifications for software applications to support implementation, and perform simple programming tasks.

- The students are able to work with business and IT professionals, using the most effective IT solutions, to produce
solution versions of business problems, and they are also able to initiate and implement IT support and development.
- The students are able to plan and manage small development projects.

Tantargy tartalma, elsajatitand6 ismeretanyag tomor, informalé leirasa

atisztikal alapok ismetlese (mintavetel, leiro statisztika,
regresszio)
Adattudomanyi alapok, adattipusok
Adatmanipulacid, és adatelemzés (normalitasvizsgalat numerikus és grafikus formaban, hipotézisvizsgalat, t-préba, F-
e b rsha, ANOVA, Wilcoxon-proba...)
Likert-skala elemzési médszerek, Cronbach alfajanak meghatarozasa
Hipotézisvizsgalat, dsszefliggésvizsgalat, regresszidanalizis, 95%-os valdszinliségii konfidenciaintervallumok
Adatvizualizacio
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Tantargyi adatlap Uj tantargy engedélyezéséhez

Reviewing statistical fundamentals (sampling, descriptive statistics, hypothesis tests, one and two sample tests,
correlation, regression)

Fundamentals of data science, data types

Data manipulation and data analysis (normality test in numerical and graphical form, hypothesis test, t-test, F-test,
ANOVA, Wilcoxon test ...)

Likert-scale analysis methods, determination of Cronbach's Alpha

Hypothesis testing, correlation testing, regression analysis, 95% confidence intervals

Data visualization

angolul

Szamonkérési és értékelési rendszer

Szamonkérés médja

A félév soran kett6 zarthelyi dolgozat kerll megirasra.

A félév végi pontszamot a félév soran irt kettd zarthelyi dolgozat pontszamanak atlaga hatarozza meg. A targy sikeres
teljesitéséhez a zarthelyiken egyenként el kell érni 50%-ot.

Egy zarthelyi csak egyszer javithato.

magyarul

Two exams are held during the semester.

The final score equals to the mean of the two exams. To complete the subject, the students have to pass all two exams
(>=50% on each).

Each exam can only be corrected once.

angolul

Leckekonyv-alairasi feltételek

magyarul
Az 6rak latogatasa a HKR szerint és a 2 zarthelyi dolgozat megirasa.

CUEBIEN A\ ttendance of lectures according to the Student Requirements System and writing 2 mid-term tests.

Irodalom

Peter Bruce, Andrew Bruce: Practical Statistics for Data Scientists - 50 Essential Concepts, O'Reilly Media, 2016.

Huzsvai LaszIé: Statisztika gazdasagi elemzék szamara. Seneca Books, 2012.

Prékopa Andras: Valdszinlségelmélet mlszaki alkalmazasokkal. Miiszaki Konyvkiado, 1962.

Solymosi Norbert: ...erre, erre...! Bevezetés az R-nyelv és kérnyezet hasznalataba. http://ppke.snowl.net/files/2010/10/Solymosi-

Rjegyzet.pdf
R Core Team: An Introduction to R. https://cran.r-project.org/doc/manuals/r-release/R-intro.html
Tanszékvezetd alairasa: Oktato alairasa:
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Tantargyi adatlap Uj tantargy engedélyezéséhez

Tantargy neve / Course name

WECVEWT Adatelemzés és Vizualizacio

UL Data analysis and Visualization

Kotelezo elétanulmany(ok) kodja(i): | Statisztika [ |
Targyfelel6s oktatd neve: Targyfelel6s egység neve:
Dr. Guzsvinecz Tibor IRAT (Informatikai Rendszerek és Alkalmazasai Tanszék)
Az oktatas féléve: |6szi ] |tavaszi ] [mindketts [Kreditértéke: [ 4
Oraigény |el6adas [szeminarium [lab.gyak.|szamonkérés formaja Folyamatos szamonkérés (F)
6ra/hét 2 0 2 értékelés tipusa otfokozatu
ora/félév 24 0 0 A meghirdetés mintatantervei: Uzemmémak-informatikus
Oktatas célja
Az eldirt szakmai kompetenciaknak, kompetencia-elemeknek a felsorolasa, amelyek kialakitasahoz a tantargy jellemzéen,
érdemben hozzajarul (tudas, képesség, attitlid, autonémiaja és felel6ssége)

Napjainkban driasi adattoémeg keletkezik a vallalatoknal. Egyre jelentésebb szerepet kap az adatok gy(jtése,

elemzése, és informaciova alakitasa, amiért 6sszetett adatok elemézésre van sziikség numerikus, valamint grafikai

formaban.

A targy célja 6sszetett adatelemzések (logisztikai, pénzigyi, egyéb gazdasagi elemzések) elvégzésére vald felkészités

elméleti és gyakorlati alkalmazasokkal, valamint a hallgatok elemzésmaddszertani ismereteinek fejlesztése, amely

hozzajarul a szakmailag j6l megalapozott dontések el6készitéséhez.

Nowadays, a huge amount of data is generated at companies. The collection, analysis, and transformation of data into

information is becoming increasingly important, requiring the analysis of complex data in numerical as well as graphical
forms.

L I[8 The aim of the course is to prepare the students for complex data analyses (logistical, financial, other economic

analyses) with theoretical and practical applications, as well as to develop their knowledge of analytical methodology,

which contributes to the preparation of well-founded decisions.

T4, K5

magyarul

Tantargy tartalma, elsajatitandé ismeretanyag tomor, informalo leirasa

A tantargy celja, tartalma, kovetelmények ismertetese
Statisztikai alapok ismétlése (mintavétel, leiro statisztika, hipotézisvizsgalat, egy- és kétmintas prébak, korrelacio,
regresszio)

Adattudomanyi alapok, adattipusok

Excel felhasznaloi felilete

Adatmanipulacié és adatelemzés Excelben (fliggvények, statisztikai bévitmények: normalitasvizsgalat, t-préba, F-
proba...)
Adatvizualizacié Excelben

Adatmanipulacio, és adatelemzés R Studioban (normalitasvizsgalat numerikus és grafikus formaban,
hipotézisvizsgalat, t-préba, F-préba, ANOVA, Wilcoxon-préba...)

Likert-skala elemzési médszerek, Cronbach alfajanak meghatarozasa R Studioban

Hipotézisvizsgalat, 6sszefliggésvizsgalat, regresszidanalizis, 95%-os valdszinliségli konfidenciaintervallumok R
Studioban

Adatvizualizacié R Studioban

The aim, content and requirements of the course

Reviewing statistical fundamentals (sampling, descriptive statistics, hypothesis tests, one and two sample tests,
correlation, regression)

Fundamentals of data science, data types

Excel user interface

Data manipulation and data analysis in Excel (functions, statistical extensions: normality test, t-test, F-test ...)

Data visualization in Excel

Data manipulation and data analysis in R Studio (normality test in numerical and graphical form, hypothesis test, t-test,
F-test, ANOVA, Wilcoxon test ...)

Likert-scale analysis methods, determination of Cronbach's Alpha in R Studio

Hypothesis testing, correlation testing, regression analysis, 95% confidence intervals in R Studio
Data visualization in R Studio

magyarul

angolul

Szamonkérési és értékelési rendszer

Szamonkérés madja
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Tantargyi adatlap Uj tantargy engedélyezéséhez

A félév soran kett6 kerlil megirasra.

A félév végi pontszamot a félév soran irt kettd zarthelyi dolgozat pontszamanak atlaga hatarozza meg. A targy sikeres
teljesitéséhez a zarthelyiken egyenként el kell érni 50%-ot.

WEGVELII A zarthelyik pontszamai alapjan szerezhet6 jegyek:
87% felett: jeles (5)

76%-87%: j6 (4)

63%-75%: kdzepes (3)

50%-62%: elégséges (2)

50% alatt: elégtelen (1)

Egy zarthelyi csak egyszer javithaté.

Two exams are held during the semester.

The final score equals to the mean of the two exams. To complete the subject, the students have to pass all two exams
(>= 50% on each).

The following marks can be received based on the results of the exams:
L[N over 87%: excellent (5)

76%-87%: good (4)

63%-75%: satisfactory (3)

50%-62%: pass (2)

under 50%: fail (1)

Leckekonyv-alairasi feltételek

magyarul

Az elméleti zarthelyi VAGY a két gyakorlati zarthelyi legalabb elégséges teljesitése.

angolul
At least 50% of points are received on the theoretical exam OR on both practical exams.

Irodalom

Peter Bruce, Andrew Bruce: Practical Statistics for Data Scientists - 50 Essential Concepts, O'Reilly Media, 2016.

Huzsvai Laszl6: Statisztika gazdasagi elemz&k szamara. Seneca Books, 2012.

Prékopa Andras: Valoszinliségelmélet miszaki alkalmazasokkal. Mlszaki Konyvkiado, 1962.

Solymosi Norbert: ...erre, erre...! Bevezetés az R-nyelv és kérnyezet hasznalataba. http://ppke.snowl.net/files/2010/10/Solymosi-
Rjegyzet.pdf

R Core Team: An Introduction to R. https://cran.r-project.org/doc/manuals/r-release/R-intro.html

Tanszékvezetd alairasa: Oktato alairasa:
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Tantargyi adatlap Uj tantargy engedélyezéséhez

Tantargy neve / Course name

WECVEUTIN Adatbanyaszat |.

=L [ Data Mining |
Kételez6 elétanulmany(ok) kddja(i): [ [ [

Targyfelel6s oktatd neve: Targyfelel6s egység neve:
Dr. Guzsvinecz Tibor PhD PE ZEK/Informatikai Rendszerek és Alkalmazasai Tanszék
Az oktatas féléve: |6szi [&. |tavaszi [T [mindkettd @ |Kreditértéke: [ 6
Oraigény |el6adas [szeminarium [lab.gyak.|szamonkérés formaja Folyamatos szamonkérés (F)
ora/hét 2 2 0 értékelés tipusa otfokozatu
ora/félév 10 10 0 A meghirdetés mintatantervei: Pénziigy mesterképzési szak tanterv

Oktatas célja

Az el6irt szakmai kompetenciaknak, kompetencia-elemeknek a felsorolasa, amelyek kialakitasahoz a tantargy jellemzéen,
érdemben hozzajarul (tudas, képesség, attitlid, autonomiaja és felel6ssége)

A képzés célja: olyan ismeretek atadasa, amely segiti a nagyméret(i adathalmazokban rejtetten meglévé, nem ismert
informaciok, 0sszefliggések, struktarak (mintak) feltarasat, sokoldall elemzését, elérejelzések készitését, s az lzleti
dontéshozok szamara atlathaté formaban torténd bemutatasat, prezentalasat. Tudas: Birtokaban van a
problémafelismerés, -megfogalmazas és -megoldas, az informaciogyjtés és -feldolgozas korszer(, elméletileg is
WECVENTN i gényes matematikai - statisztikai, Gkonometriai, modellezési mddszereinek, ismeri azok korlatait is. Képesség: Képes
a vallalatok elemz6, dontés-el6készits, és dontéshozatali tevékenységének magas szinvonalu ellatasara. Attitid:
Munkajaban kreativ, problémafelismerd és -megoldé iranyultsagi. Autonémia és felelésség: Felelsséget vallal a
szakvéleményében kézolt megallapitasokért és szakmaidontéseiért, az altala, illetve iranyitasa alatt végzett
munkafolyamatokért.

Goal: Transferring knowledge which helps reveal hidden but not known information, links, structures (patterns) in large-
volume data sets, helps versatile analysis and forecast, furthermore, it assists to present the above-mentioned for
business decision-makers in a transparent form.

Knowledge: The student possesses the up-to-date, theoretically demanding mathematical-statistical, econometric and
modelling methods of problem recognition, - identifying, -solving, information collecting and — processing as well as the
=111+ (11 burdens of them.

Ability: The student is able to perform the analysing, decision-preparation and decision-making activities of the
corporates with a high level.

Attitude: Student has a creative, problem-recognition and —solving attitude in work.

Autonomy and responsibility: Students take responsibility for statements in the expert’s report and professional
decisions, for their own and subordinates’ workflow.’

Tantargy tartalma, elsajatitand6 ismeretanyag tomor, informalé leirasa

Az Uzleti intelligenciardl (Bl).
Adattarhazak és jelentéséguk.

Adattarhazak szervezése, felépitése.

Az adatbanyaszat médszertanai.

A gyakori elemhalmazok asszociaciés szabalyai.

A dontési fak Iétrehozasi és kiértékelési szabalyai.
A regressziés modellek elmélete.

Eredmények megjelenitése, elemzése, értelmezése.
Grafikonok szerkesztése

Regressziés modellek elemzése

Introduction to Business Intelligence.
Datawarehouses and importance of them.
Organisation, structure of datawarehouses.
Methodologies if data mining.

Association rules of frequent itemsets.

=L C[T[M Generation and valuation rules of decision trees.
Theory of regression models.

Data view, analysis, interpretation.

Editing graphs.

Analysing regression models.

magyarul
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Tantargyi adatlap Uj tantargy engedélyezéséhez

Szamonkérési és értékelési rendszer

Szamonkérés médja

2 db irasbeli zarthelyi dolgozat megirasa a szorgalmi id6szakban: 6nall6 feladatmegoldas a mintavétel, becslési
maddszerek és hipotézisvizsgalat témakdrdkben.

Az értékelés a kovetkezd:

ECVELTIN - 59 pont: (1) elégtelen

60 — 69 pont: (2) elégséges

70 — 79 pont: (3) kdzepes

80 — 89 pont: (4) j6

90 — 100 pont: (5) jeles

A vizsgaid&szakon bellil egyszeri javitasi lehetéség biztositott.

Students have to write 2 mid-term tests during the term, individual task solutions in the scope of sampling, estimation
methods and hypothesis examination.

Marking:

0-59%: fail (1)

60—-69 % : pass(2)

B 70 _ 70 % ¢ satisfactory (3)

80-89 % : good (4)

90 — 100 %: excellent (5)

Re-taking once is available during exam period.

Leckekonyv-alairasi feltételek

magyarul

A gyakorlatok latogatasa a HKR szerint és a 2 zarthelyi dolgozat megirasa.

angolul
Attendance according to the Student Requirements System and writing 2 mid-term tests.

Irodalom

Kotelez6 irodalom: Vipin Kumar - Pang-Ning Tan - Michael Steinbach (2012): Adatbanyaszat - Alapvetés. PANEM Kiadé
ISBN:9786155186097

Ajanlott Irodalom: J. Han, M. Kamber, J. Pein ( 2013):

Data Mining.Concepts and Techiques. Third Edition.Morgan Kaufmann ISBN 978-0-12-381479-1.

Prékopa A.: Valoszinliségelmélet miiszaki alkalmazasokkal. Miszaki Kiadd, 1974, Budapest

Walpole RE, Myers RH, Myers SL, Ye K (2011) Probability & statistics for engineers & scientists. Pearson Prentice Hall, New
Jersey

Tanszékvezet6 alairasa: Oktato alairasa:Dr. Guzsvinecz Tibor PhD
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Tantargyi adatlap uj tantargy engedélyezéséhez

Tantargy neve / Course name

WECVEUTN Adatbanyaszat |1,

cL LI Data Mining 11

Kotelez6 el6tanulmany(ok) kodja(i): [Adatbanyaszat I. | [
Targyfelel6s oktato neve: Targyfelelés egység neve:
Dr. Guzsvinecz Tibor PhD PE ZEK/Informatikai Rendszerek és Alkalmazasai Tanszék
Az oktatas féléve: [8szi le] [tavaszi 1 [mindketté ] [Kreditértéke: | 6

Oraigény |eléadas |szeminarium|lab.gyak. [szamonkérés formaja Folyamatos szamonkérés (F)

ora/hét 2 2 0 értékelés tipusa otfokozatu

ora/félév 10 10 0 A meghirdetés mintatantervei: Pénziigy mesterképzési szak tanterv

Oktatas célja
Az el6irt szakmai kompetenciaknak, kompetencia-elemeknek a felsorolasa, amelyek kialakitasahoz a tantargy jellemzéen,
érdemben hozzajarul (tudas, képesség, attitlid, autonomiaja és felelossége)

A képzés célja: olyan ismeretek atadasa, amely segiti a nagyméreti adathalmazokban rejtetten meglévé, nem ismert
informaciok, 6sszefliggések, strukturak (mintak) feltarasat, sokoldalt elemzését, elérejelzések készitését, s az uzleti
dontéshozok szamara atlathaté formaban torténé bemutatasat, prezentalasat.Tudas: Birtokaban van a
problémafelismerés, -megfogalmazas és -megoldas, az informaciogyjtés és -feldolgozas korszeri, elméletileg is
igényes matematikai - statisztikai, 6konometriai, modellezési médszereinek, ismeri azok korlatait is.Képesség: Képes a
vallalatok elemzd, dontés-el6készitd, és dontéshozatali tevékenységének magas szinvonalu ellatasara Attitid:
Munkajaban kreativ, problémafelismeré és -megoldo iranyultsagu. Autonémia és felelésség: Felelésséget vallal a
szakvéleményében kozolt megallapitasokért és szakmaiddntéseiért, az altala, illetve iranyitasa alatt végzett
munkafolyamatokeért.

magyarul

Goal: Transferring knowledge which helps reveal hidden but not known information, links, structures (patterns) in large-
volume data sets, helps versatile analysis and forecast, furthermore, it assists to present the above-mentioned for
business decision-makers in a transparent form.

Knowledge: The student possesses the up-to-date, theoretically demanding mathematical-statistical, econometric and
modelling methods of problem recognition, - identifying, -solving, information collecting and — processing as well as the
EL[JI B burdens of them.

Ability: The student is able to perform the analysing, decision-preparation and decision-making activities of the corporateg
with a high level.

Attitude: Student has a creative, problem-recognition and —solving attitude in work.

Autonomy and responsibility: Students take responsibility for statements in the expert’s report and professional decisions
for their own and subordinates’ workflow.’

Tantargy tartalma, elsajatitandé ismeretanyag tomor, informal6 leirasa

Az adatbanyaszat modszertanainak ismétlése
Statisztikai alapok ismétlése
Adatmanipulacio, és adatelemzés

Likert-skala elemzési médszerek, Cronbach alfajanak meghatarozasa

Hipotézisvizsgalat, 6sszefliggésvizsgalat, regresszidanalizis, 95%-o0s valdszinliségi konfidenciaintervallumok
Adatvizualizacié

magyarul

Reviewing the methodologies of data mining

Reviewing statistical fundamentals

angolul Data manipulation and data analysis

Likert-scale analysis methods, determination of Cronbach's Alpha

Hypothesis testing, correlation testing, regression analysis, 95% confidence intervals
Data visualization

Szamonkérési és értékelési rendszer

Szamonkérés maddja
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Tantargyi adatlap uj tantargy engedélyezéséhez

1 db irasbeli zarthelyi dolgozat megirasa a szorgalmi idészakban
Az értékelés a kdvetkezd:

WELYELN 59 pont: (1) elégtelen

60 — 69 pont: (2) elégséges

70 — 79 pont: (3) kdzepes

80 — 89 pont: (4) j6

90 — 100 pont: (5) jeles

A vizsgaid&szakon belll egyszeri javitasi lehetéség biztositott.

Students have to write 1 mid-term test during the term.
Marking:

0-59%: fail (1)

60-69 % : pass(2)

70-79 % : satisfactory (3)

80-89%: good (4)

90 — 100 %: excellent (5)

Re-taking once is available during exam period.

angolul

Leckekonyv-alairasi feltételek

magyarul

A gyakorlatok latogatdsa a HKR szerint és az 1 zarthelyi dolgozat megirasa.

angolul
Attendance according to the Student Requirements System and writing 1 mid-term test.

Irodalom

Kotelez6 irodalom: Vipin Kumar - Pang-Ning Tan - Michael Steinbach (2012): Adatbanyaszat - Alapvetés. PANEM Kiadé
ISBN:9786155186097

Ajanlott Irodalom: J. Han, M. Kamber, J. Pein ( 2013):

Data Mining.Concepts and Techiques. Third Edition.Morgan Kaufmann ISBN 978-0-12-381479-1.

Prékopa A.: Valoszinliségelmélet miszaki alkalmazasokkal. Mlszaki Kiado, 1974, Budapest

Walpole RE, Myers RH, Myers SL, Ye K (2011) Probability & statistics for engineers & scientists. Pearson Prentice Hall, New Jersey
Tanszékvezet6 alairasa: Oktaté alairasa:Dr. Guzsvinecz Tibor PhD
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Tantargyi adatlap Uj tantargy engedélyezéséhez

Tantargy neve / Course name

WECVENUN SQL UZLETI ALKALMAZASOKHOZ

ELQCIITN SQL for Business

Kotelezo elétanulmany(ok) kodja(i): [MISAB154B [ [
Targyfelelés oktato neve: Targyfelel6s egység neve:
Dr. Guzsvinecz Tibor IRA
Az oktatas féléve: |6szi [&. |tavaszi [T [mindkettd @ |Kreditértéke: 5
Oraigény |el6adas [szeminarium [lab.gyak.|szamonkérés formaja Folyamatos szamonkérés (F)
ora/hét 2 0 2 értékelés tipusa otfokozatu
oraffélév | 45 0 12 |Ameghirdetés mintatantervei: s, y;saginformatikus BsC nappali, levelezé

Oktatas célja

Az eloirt szakmai kompetenciaknak, kompetencia-elemeknek a felsorolasa, amelyek kialakitasahoz a tantargy jellemzéen,
érdemben hozzajarul (tudas, képesség, attitlid, autonomiaja és felel6ssége)

szakmai alapelveit.

base environment .
Competences

Tantargy tartalma, elsajatitand6 ismeretanyag tomor, informalé leirasa

A hallgatok - az Gzleti alkalmazasokbdl vett példakon - jartassagot szereznek az SQL nyelv adatdefinialé és adatkezel6
parancsainak - elsésorban parbeszédes, illetve hattérben futtatott modu - alkalmazasaban; tovabba megismerik az
adatbazis-kornyezetnek a parancsok végrehajtasi idébeli hatékonysagat befolyasolé sajatossagait. Kompetenciak
Tudas: A hallgatok megismerik a szamitastechnikai infrastruktura elvi komponenseit, a hardver komponensek elvi
felépitését, a kommunikaciot és a rendszerszoftvereket, az adatmenedzsment terlileteit, beleértve az adatbazisok,
adatfeldolgozas, reprezentacio és vizualizacio alapvetd fogalmait is.A képzés soran a hallgatok megismerik a

W ECVET N programozassal 0sszefliggésben az alapvet6é programozasi strukturakat, a szoftverfejlesztés modszertanat és a
fontosabb programozasi kdrnyezeteket.
Képesség: Képes lzleti folyamatok megértésére, elemzésére, a végrehajtast segité szoftveralkalmazasok kévetelmény
specifikaciojanak elkészitésére, elvégzésére, egyszeriibb programozasi feladatok végrehajtasara. Attitlid: Vallalja és
hitelesen képviseli az informatikai és alkalmazasi szakterllete (vallalat, kozigazgatasi vagy kdzszolgalati szervezet)
Autondmia és felel6sség:
Feladatvégzéskor szakmai szempontok érvényesitése mellett 6nallé véleménye van az informatikai rendszerek
gazdasagl tarsadalml es blztonsagl hatasalval vonzatalval kapcsolatosan

management commands furthermore they get to know the tlme efficiency factors of executing commands in the data

Knowledge: The students get to know the theoretical components of the IT infrastructure, the theoretical composition of
hardware parts, the communication and system software, the fields of data management including the basics of data
angolul bases, data processing, representation and visualization.
programming structures, the methodology of software development and the major programming environments.
Skills: The student is able to understand and analyse business processes, to prepare the demand specification of
software applications supporting execution, to manage simple programming tasks.
Attitude: The student is aware of the basic professional principles of the IT field and its application areas (in
companies, public administration or public service).
and responsibility: The student respects the professional requirements of the field and at the same time is able to form

During the training the students learn about the basic

Az SQL felhasznalasi terllete (relacios és objektumrelacids adatbazisok),SQL-parancsok feldolgozasi médjai
(parbeszédes madd, programba beagyazott méd, parancsfajl hattérben futtatasa). Az SQL nyelv sajatossagai
(jelkészlet, szintaktika,SQL-objektumtipusok, adattipusok, eljarasjellegl kiegészitések). Az SQL adatdefinialé (DDL)
parancsai (domének, adattablak, megszoritasok, indexek, szinonimak, nézettablak, adatbazissémak) definialasa
magyarul (létrehozasa, rn_édositésa). Adatkezel6 (DML) parancsok - bevitel, médositas, torlés Adatkezelé (DML) parancsok —
lekérdezések. Osszetett lekérdezések nézettablak felhasznalasaval. Az adatbazis-kezelés technikai megvaldsitasanak
néhany részlete: adatbazis, adattablak, indextablak fizikai megvaldsitasa;optimalizalas; konkurens hozzaférés
vezérlése;mentés és visszatdltés. Az adatbazis biztonsaga: hozzaférési jogok, hozzaférési zarak, tranzakciok
kezelése, kivételkezelés, bejelentkezéshez (session-h6z) kapcsolodo beallitasok és
rendszerbeallitasok.Esettanulmanyok megoldasa.

Autonomy
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Tantargyi adatlap Uj tantargy engedélyezéséhez

The application areas of SQL (relational and object-relational data bases), application modes of SQL commands
(dialog mode, insert mode, command file run in the background). The characteristics of SQL language (signs, syntax,
SQL object types, data types). The commands of SQL data definition (DDL): domains, data tables, restrictions,

indexes, synonyms, view charts, data base schemes), definiton (create, modify). Data management commands (DML) -
input, modify, delete, DML commands - queries. Complex queries with view charts. Details of the technical
implementation of data base management: the physical implementation of data bases, data tables, index tables;
optimalization, concurrent access, saving and restoring. The safety of data base: rights to access, access locks,
managing transactions and exceptions, log in settings, system settings. Study cases.

angolul

Szamonkérési és értékelési rendszer

Szamonkérés médja

A szamonkérés irasban torténik, s a teljesitmény értékelése 6tfokozatl skalan torténik. Az értékelés két évkozi
zarthelyi dolgozat ( 50-50 pont) alapjan torténik. Az 6sszesitett pontszam alapjan a jegy:

WEeE | O — 49 pont: elégtelen

50 — 62 pont: elégséges

63 — 75 pont: kbzepes

76 — 89 pont: j6

90 — 100 pont: jeles

Assessment is in written form with evaluation on a 5-grade scale. Grading is based on two written midterm
examinations ( 50-50p) The final mark is based on the total average points:
0 - 49 points: Insufficient (fail) (1)

50 to 62 points: sufficient (pass) (2)

63 - 75 points: average (3)

76 - 89 points: good (4)

90 - 100 points: excellent (5)

angolul

Leckekonyv-alairasi feltételek

magyarul
Az alairas feltétele az 6rak HKR. szerinti latogatasa.

angolul

Signature can be given if student absence is not higher than defined in HKR (Academic Requirements for Students).
Irodalom

1. Bédy Bence (2005): Az SQL példakon keresztul - Kezd6knek és haladoknak. Jedlik Oktatasi Studio Bt.,
ISBN: 9632108604. 2.
Martin Gruber:(2003) SQL A-Z (SQL92 és SQL99).Kiskapu Kft., ISBN: 963-9301-52-3

Tanszékvezetd alairasa: Oktato alairasa:
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Tananyagfejlesztés

e 2020 tavaszan egy Unity alapu fejlesztést bemutato videdsorozatot ké-
szitettem, amelyet a Programozasi nyelvek kurzus keretében a hallgatok
segédanyagként hasznalhattak. A videdsorozat ezen a linken érhetd
el.

e 2021 tavaszan az Adatautomatizalas kurzushoz készitettem egy video-
sorozatot, amit a hallgatok segédanyagként hasznalhattak. A videdso-
rozat ezen a linken érhetd el.

e A Pannon Egyetem zalaegerszegi tesztmérnok képzéséhez egy tgyne-
vezett ,molekulahalos" tananyagstruktira keriilt kidolgozasra, amely-
ben a tananyag kisebb, egymasra épiil§ egységekre (,molekulékra") van
bontva. Minden egyes molekulahoz egy révid, néhany oldalas jegyzet
vagy videos tartalom, valamint egy ellendérzé teszt tartozik. 2022-ben
Dr. Sztics Judittal koézosen molekulahélo-alapi tananyagokat fejlesz-
tettliink a Mérnoki Kar Szamitastechnika 1. targyahoz. Az elkésziilt
molekulahalé a kovetkezs oldalon tekintheté meg. Az interaktiv mole-
kulah&lo (belépést kovetSen) elérhets a https://coursegarden.zek.uni-
pannon.hu weboldalon.
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https://www.youtube.com/watch?v=s7-eb1ozQmo&list=PLDQTRLCjwQT0ip_iN1KQo8uc7NpcNVWc2
https://www.youtube.com/watch?v=_f0bCjsoadQ&list=PLDQTRLCjwQT1x6-j8k0-qxCgqhJJwSPHZ
https://coursegarden.zek.uni-pannon.hu
https://coursegarden.zek.uni-pannon.hu

Pannon Egyetem

Scenes
AN Szamitastechnika l.
CONTENT DESCRIPTION MEMBERS
A Moleculemap

E-MAILS

SENSORS

KNOWLEDGE UNITS

Filter
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OKE értékelések

Ebben a fejezetben az OKE 6sszatlagom és a hallgatoi szoveges értékelések
keriilnek bemutatasra. Fontos megemliteni, hogy a 2022/23/1-es félév el6tt
nem volt olyan félév, amikor OKE értékelés késziilt volna az egyetemen.

Félév KitSltések szama OKE 6sszatlag
2022/23/1 16 4.95
2022/23/2 6 4.97
2023/24/1 15 4.56
2023/24/2 11 4.88
2024/25/1 16 4.88
2024/25/2 15 4.87
2025/26/1 12 4.98

Hallgato6i sz6veges vélemények

2022/23/1

e Az oktatom masik tanszéken tanit, de igy is volt alkalmam személyesen
talalkozni vele. A szakdolgozatom megirasaban oriasi segitséget nyujt
és ellat mindenféle tdmogatoi segitséggel annak érdekében, hogy ezt si-
keresen abszolvaljam. A hallgato-oktato viszonyt nagyon erdsen tartja,
megtalalja a kozos hangot a hallgatosaggal és a kollégaival is egyarént.
Azt gondolom, ha mindenki ilyen moédon kozelitené a hallgatokat, sokat
emelkedne a szinvonal és csokkenne az altalanos stressz az egyetemen.
Ko6sz6nom szépen a szakdolgozatban nyujtott segitséget oktatomnak!
Nagyon oriilok, hogy nala vettem fel a téméam.

e Mindenkinek azt kivinom, hogy legalabb fele annyira j6 konzulense le-
hessen mint Tibor. A végsé pillanatokban is tartotta bennem a lelket.
Nagyon megértd és elfogado volt, akkor is, ha a full time allas mellett
nem foglalkoztam a szakdolgozatommal minden héten. Nagyon hasznos
tanacsokat kaptam, hogy milyen modon is kell csindlni a dokumentéa-
ciot és amikor kellett, mindig elérhetd és napra DE még éjszakara kész
is volt, hiszen hajnali fél haromkor is hajlandé volt a szakdolgozatom
tjra kellene vélasztanom egy szakdolgozati témat, nem kellene hezital-
nom, hogy kit valasszak.

o Jok voltak az 6rak!
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o Kellemes légkor, nagyon segitékész oktatod, konnyen kovethetd eladés,
vilagos elvarasok.

2022/23/2

e SZELLEMes, érti! Szellemes. Nagyon jok ezek az orék, szeretek belib-
beni rajuk. Fel sem ttint, hogy elment a félév!

2023,/24/1

e Az oktaté megtalalta a kozos hangot a hallgatokkal. Kiemelt figyelmet
forditott a hallgatokra és azonnal segitett, ha sziikség volt ra. Az 6rédn
a hallgatokhoz kozel allo nyelvezetet hasznalt, amivel egy baratsagos
atmoszférat teremtett. A tantargy tematikajat a kozosséghez igazitot-
ta, az orakra eleinte diasorral késziilt, amikben elhelyezett aktualisokat
hivta fel a figyelmet a tantargy hasznossagara. A késGbbiekben pedig,
a gyakorlati érakon kovethetGen haladt és mindig bevarta aki lassabban
tudott haladni. A kdédokat mindig elérhetévé tette a Moodle rendszer-
ben. Az érdkra a bejaras nem volt kotelezd, de igy szivesen mentem be
minden oréara.

e Maximalis, relevans, naprakész szakmai felkésziiltséggel rendelkezik, az
orak mindig nyugodt, j6 hangulatban telnek, barmikor mer a ember
kérdezni, segitséget kérni, ha valamit nem ért, élvezetesek a foglalkoza-
sok. Az ordakon valo részvétellel mar elsajatithaté a szamonkért anyag,
precizen felkészit minket a téméabol, a jegy maximalisan csak a szor-
galom és akarat kérdése. SegitGkész, elérhetd, tiszteletet mutat, tobb
ilyen oktatora lenne sziikség.

e 100%-osnak értékelem

e Figyelem megtartd — érdekes 6rak, motivalo, kellemes 1égkor

2023,/24/2
e Very helpful

e Lendiiletes és innovativ modszerei segitették a szakmai fejlédésemet az
oktatas soréan.

e Kedves, érthetGen adja le az anyagot. Rengeteg segédanyagot tolt fel
a Moodle rendszerbe.
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2024/25 /1
e (napszemiiveg emoji)
e Nyugodt barati 6rdk. Nem kell meghalni és még a jegyszerzés is moka.

e Data science, korrekt és kedves oktato, barcsak mindenki ilyen lenne.

2024/25/2

o Kul oktatd

2025/26/1 A riport szerint nem érkezett szoveges észrevétel /javaslat.
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2. Tudomanyos tevékenység

2a.1 Kiemelked6 tudomanyos, kutatéi munkassag

Guzsvinecz Tibor (Digitalis valosag)
PhD 2021
Lekeérdezés datuma: 2026. 04. 14. 22:44:27

Osszefoglalé tablazat

BME VIK MTA-MTO Kovetelmény

Pontszam
Habilitacié A B
Q szam Osszesen: 50.409 8 12 16
Q szam cikkekbdl: 49.609 min. 6 min. 8
Q szam konyvbdl: 0.800 max. 3 max. 3
| szam: 553 40 90 200
| szam WoS idézetekbdl: 285 20 45 100
Impakt faktor: 109.959
Relativ impakt faktor: 45.445 2 3 4
IF-es cikkek szama: 43 4 6 8
Egyszerzés IF-es cikkek: 6 2 2
H index: 14 4 5 7
Osszes idéz6: 697
Osszes publikacio: 140

Figyelem! A Tud-O-Méter csak az 1993-ban, vagy késébb megjelent publikaciok impakt
faktorat ismeri, az ennél kordbbi impakt faktoros folyéiratokat kézzel kell hozzavenni a
pontozashoz!
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A kérelmez6 publikacios és alkotasi teljesitménye (Q-szam)

Magyarorszagon
Kiilfoldon
Publikaciok idegen nyelven magyarul
megjelent kézlemények szama pontszam
Tudomanyos folyoiratcikk
-lektoralt 36 17 0 46.886
-lektoralt, WoS Q1 rangu 6 0 0
-lektoralt, IF-ral 28 15 0
-ebbdl egyszerzds 4 2 0
Konferenciacikk (min. 4 oldal)
konferenciakotetben, 33 y 12 2.722
folydiratban, konyvrészletben
Tudomanyos cikk dsszesen 49.609
Tudomanyos konyv,
konyvrészlet szerzéként
-koényv 0 0 0 0.000
-kényvrészlet 3 0 0 0.800
Tudomanyos kényv 6sszesen 0.800
Internetes adatbazisban
megtalalhato h & ¢
Teljes szoveggel elérhetd a
Wb 68 (?) 18 (2) 4(2)
A kérelmezo idézettsége (I-szam)
. 2 g 2 5 . . tovabbi
Hivatkozasok konyvben, folyo- konf. érteke- eddig oltalmi kbz-
darabszama fejezetben iratban cikkben zésben Osszesen formaban leménvben
y
csak kulfoldi szerzd,
kiilfoldi kiadas 34 49 ! ! & 0 0
csak kulfoldi szerzd, hazai
kiadas 6 3 0 1 10 0 5
vagy nincs megjeldlve
hazai szerzd (is) itthon
(vagy nincs
megjeldlve hol)
-idegen nyelven 56 45 0 2 103 0 0
-magyarul 1 6 0 0 7 0 0
nincs megadva, hogy van-
e hazai 108 235 9 12 364 0 35
szerzb az idézok kozott
Osszesen 205 338 10 16 569 0 40

Flggetlen WoS (SCI) hivatkozasai: 285
Fuggetlen Scopus hivatkozésai: 259
Flggetlen Google Scholar hivatkozasai: 20

Megjegyzés: A Tud-O-Méter a disszertdciokban megjelent idézeteket nem
szamolja bele az "I" szamba, mivel a szabdlyzat nem minden tipusu értekezést
fogad el idézéként.
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Pontozas részletezo

Publikacié . '
pont pont

Genre Matters: Analyzing Toxicity Patterns in Steam Game Reviews 0.100 0
2026, 2 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Cybersickness in commercial first-person virtual reality video games: analysis of player experience in
steam reviews 1.667 0
2026, 3 szerzd, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q1 SJR: Q1
Negotiating Virtually and Face-to-Face: Experience from a Serious Game Conducted in Person and via
Smartphone Application 0.208 0
2026, 12 szerzd, Folyadiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q2
Doktoranduszok Orszagos Szévetségének Matematikai és Informatikai Tudomanyok Osztalyanak 12. Téli
Iskolaja 0.000 0
2026, 3 szerzb, Egyéb konferenciakotet (Nem szerzé!!!l)
Usability, Learnability and Human Factor Evaluation in a Multi-Browser Virtual Environment 0.600 0
2026, 3 szerzé, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q2 ’
Gender influences on virtual reality colour matching task: performance, presence, usability, cognitive load,
accuracy, and physiological response 0.967 0
2026, 3 szerzd, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q2
An Interactive Educational Platform for E-Sports: Development and Future Perspectives 0.150 0
2026, 4 szerzd, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q3 '
.Mintha rélam szélna": az észlelt személyre szabottsag vizsgalata narrativ stilusi generativ mesterséges
intelligencia interakcidkban 0.000 0
2026, 4 szerzd, Egyéb konferenciakdzlemény/Absztrakt / Kivonat (Egyéb konferenciakbzlemény)
Game Theory - Computational Aspects and Applications 0.000 0
2025, 2 szerzb, Konyv/Szakkdnyv (Kényv) (Nem szerzd!!l) ’
Game Theory and Strategic Decision-Making in the Dark Souls Games 0.200 1
2025, 2 szerzd, Konyvrészlet/Konyvfejezet (Konyvrészlet) ’
Comparison of Performance on MRT, MCT, PSVT and HSVT Spatial Ability Tests between Paper and
Desktop Display 0.040 0
2025, 5 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)
Preface 0.000 0
2025, 2 szerzb, Konyvrészlet/El6sz0, utdszo (Konyvrészlet) ’
How Egocentric Distance Estimation Changes in Virtual Environments by Using a Desktop Display or the
Gear VR 0.100 0
2025, 3 szerzé, Folyoiratcikk/Szakcikk (Folydiratcikk) SIR: Q3
Doktoranduszok Orszagos Szévetségének Matematikai és Informatikai Tudomanyok Osztalyanak 11. Téli
Iskolaja 0.000 0
2025, 2 szerzé, Egyéb konferenciakotet (Nem szerzé!!!l)
Comparing the Results Received on Desktop Display and Paper Versions of Four Spatial Ability Test Types 0450 0
2025, 4 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
From Pixels to Play - The Art and Science of Video Games 0.000 0
2025, 1 szerzé, Konyv/Szakkdnyv (Kényv) (Nem szerzd!!!l) ’
Pathways to Mastery: A Taxonomy of Player Progression Systems in Commercial Video Games 0.400 0
2025, 1 szerzd, Konyvrészlet/Konyvfejezet (Konyvrészlet) )
Examining the Influence of Egocentric Distance on Exocentric Distance Estimation in Virtual Environments 0.600 0
2025, 3 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
Topic Modeling of Virtual Reality Game Reviews using Latent Dirichlet Allocation 0.067 0
2025, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) '
Topic Modeling of Positive and Negative Reviews of Soulslike Video Games 4200 1
2025, 1 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
A Bibliometric Analysis of the Trends in UAV Research Using the Bibliometrix R-Tool 1250 0
2025, 2 szerzé, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q2 ’
Reactions to video games that evoke a feeling of liminality 2400 0
2025, 1 szerzé, Folydiratcikk/Szakcikk (Folydiratcikk) WoS: Q2 SJR: Q2 ’
Rip and Tear: Reimagining Power Fantasy Through the Posthurfigh Aesthetics of the Doom Games 0.800 0

2025, 2 szerzé, Folyoiratcikk/Szakcikk (Folydiratcikk) WoS: Q1 SJR: D1
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The Effects of Immersion Level, Human Characteristics, and a Virtual Scale on Exocentric Distance
Perception 0.433 0
2025, 3 szerzé, Folyoiratcikk/Szakcikk (Folydiratcikk) WoS: Q4 SJR: Q3
Toxicitas elemzése videojatékok értékelésében HCI és digitalis jollét szempontjabol 0.050 0
2025, 2 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
The phosphorus negotiation game (P-Game): first evaluation of a serious game to support science-policy
decision making played in more than 20 countries worldwide 0.053 1
2025, 57 szerzd, Folyadiratcikk/Sokszerzds vagy csoportos szerzéségl szakcikk (Folyoiratcikk) WoS: Q2 SJR: '
Q1
Multi-browser VE: Enhancing internet browsing experience through virtual reality 0.400 1
2025, 3 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q4 SJR: Q3 ’
Virtual reality in skill development through user experience and technology advancements 0133 5
2025, 3 szerzé, Folydiratcikk/Szakcikk (Folydiratcikk) SIR: Q2 ’
User-Centered Evaluation of an IntuNav in Multi-Browser Virtual Reality Across Diverse Cognitive User
Profiles 1.450 0
2025, 4 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q1 SJR: D1
Human-computer interface acceptance among Generation Z students 0.100 0
2025, 6 szerzd, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q4 SJR: Q3 ’
Exploring measurement tools"for color perception in virtual reality: A systematic review 1133 3
2025, 3 szerzé, Folyoiratcikk/Osszefoglalo cikk (Folyéiratcikk) WoS: Q2 SJR: Q2 )
Virtualis valosag alapu turak: esettanulmany a Pannon Egyetem Zalaegerszegi Egyetemi Kézpont digitalis
ikerpar virtualis bejarasan 0.000 0
2025, 3 szerzd, Konyvrészlet/Konferenciak6zlemény (Kényvrészlet) (Nincs ISBN/ISSN szam megadval!!!)
Mesterséges Intelligencia és Zenei izlés: Adatvezérelt Mintazatok és Predikciés Modellek 0.000 0
2025, 3 szerzé, Egyéb konferenciakdzlemény/Absztrakt / Kivonat (Egyéb konferenciakdzlemény) )
Negotiating virtually and face-to-face: First experience from a serious game conducted in person and via
smartphone application 0.000 0
2025, 9 szerzé, Folyoiratcikk/Szakcikk (Folyoiratcikk) (Nem biralt!!!)
A Preliminary Study on the Adoption of Self-service Technologies of Hungarian Cinemagoers 0.067 0
2025, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) ’
Creation of Digital Twins using Spatial Artificial Intelligence - A Pilot Study 0.900 5
2025, 2 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
Neural Network-Based Binary Tomography From Limited Number Of Projections 0.050 0
2025, 4 szerz6, Konyvrészlet/Konferenciakdzlemény (Konyvrészlet) ’
The Effects of Display Devices on Locating Sound Sources in Virtual Environments 1800 0
2025, 1 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
An inclusive framework for automated web content accessibility evaluation 0675 14
2024, 4 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
Joint Special Issue on Cognitive Infocommunications and Cognitive Aspects of Virtual Reality 0.000 0
2024, 5 szerzé, Folyoiratcikk/Nem besorolt (Folyoiratcikk) ’
Towards Understanding Player Experience between Classic and Unfair 2D Platform Video Games 0.067 3
2024, 3 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) '
II. PE ZEK E-Sport Szakmai Napok 0.000 0
2024, 3 szerzé, Egyéb konferenciakdtet (Nem szerzé!!!) '
Optimizing Wireless Power Transfer - A Preliminary Study 0.000 0
2024, 3 szerzd, Egyéb konferenciakézlemény/Absztrakt / Kivonat (Egyéb konferenciakdzlemény) )
Towards Understanding Exocentric Distance Estimation Skills of University Students in Virtual Reality 0.067 0
2024, 3 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) ’
Examination of Accurate Exocentric Distance Estimates in a Virtual Environment Using a Desktop Display
and the Gear VR 0.867 2
2024, 3 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2
Az egocentrikus és exocentrikus tavolsagok kapcsolata az e-sporttal 0.000 0
2024, 2 szerzé, Egyéb konferenciakézlemény/Absztrakt / Kivonat (Egyéb konferenciakdzlemény) ’
The Soulsification of video games 0.400 7
2024, 1 szerzé, Folyoiratcikk/Szakcikk (Folydiratcikk) SJR: Q1 g4 ’
Level Up! Exploring Gamification's Impact on Research and Innovation 0.000 0

2024, 1 szerzb, Konyv/Szakkdnyv (Kényv) (Nem szerzd!!!l)




Publikacio

pont pont
Analyzing the Bibliometric Trends in Gamification Research using the Bibliometrix R-tool 0.200 1
2024, 2 szerzb, Konyvrészlet/Konyvfejezet (Konyvrészlet) ’
Textual Analysis of Virtual Reality Game Reviews 0.650 3
2024, 2 szerzd, Folyoiratcikk/Osszefoglalo cikk (Folydiratcikk) WoS: Q4 SJR: Q3 )
The Accuracy of the k-Nearest Neighbors and k-Means Algorithms in Gesture Identification 0217 4
2024, 6 szerzd, Folyoiratcikk/Szakcikk (Folydiratcikk) WoS: Q4 SJR: Q3 ’
il PR 0.000 0
2024, 1 szerzb, Konyvrészlet/El6sz0, utdszd (Konyvrészlet)
Investigation of Sentiments in Virtual Reality Game Reviews 0.100 3
2024, 2 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Video game accessibility in the top-level genres 2700 8
2024, 1 szerzé, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q2 ’
10th Winter School for PhD Students in Informatics and Mathematics 0.000 0
2024, 3 szerz6, Egyéb konferenciakdtet (Nem szerz6!!!) '
Development of a Virtual Environment that Contains Multiple Browsers to Explore the Learning
Experience of Students with Cognitive Disabilities 0.133 1
2024, 3 szerzd, Folyoiratcikk/Szakcikk (Folydiratcikk) SIR: Q2
Navigation Design to Improve Interaction Technique in Multi-Browser Virtual Environment 0.067 0
2024, 3 szerzé, Kdnyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Navigation in 3D Virtual Environment for Older Adults 0.000 0
2024, 3 szerzé, Kdnyvrészlet/Konferenciakozlemény (Konyvrészlet) (Tul rovid, 3 oldal!!l) ’
Development of a Virtual Reality Application for Neck Exercises 0.067 0
2024, 3 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Digital imaging and UAVs 0.000 0
2024, 3 szerzé, Egyéb konferenciakézlemény/Absztrakt / Kivonat (Egyéb konferenciakdzlemény) '
Management of CBRN hazards 0.000 0
2024, 3 szerzd, Egyéb konferenciakézlemény/Absztrakt / Kivonat (Egyéb konferenciakdzlemény) )
The Impact of Lighting Techniques on Perceived Presence and Realism in Virtual Environments 0.067 0
2024, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) ’
Comparison Between 2D and 3D Icons as Menus in Virtual Reality Assessing the Usability of the Menus
and User Satisfaction 0.000 0
2024, 3 szerzé, Kdnyvrészlet/Konferenciakdzlemény (Konyvrészlet) (Tul rovid, 3 oldal!!l)
Assessing Memory Colors of University Students 0.260 1
2024, 5 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q4 SJR: Q3 ’
A Preliminary Analysis of E-sports Game Reviews 0.100 0
2024, 2 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) ’
Innovative Tools for Children's Language Learning: A Progressive Web Application Perspective 0.050 0
2024, 4 szerz8, Konyvrészlet/Konferenciakdzlemény (Konyvrészlet) ’
The Impact of Self-Service Technologies on Cinemagoing Experiences: A Hungarian Case Study 1300 0
2024, 2 szerzd, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
Creation of Digital Twins using Spatial Artificial Intelligence 0.000 0
2024, 2 szerzd, Egyéb konferenciakdzlemény/Absztrakt / Kivonat (Egyéb konferenciakdzlemény) '
The correlation between positive reviews, playtime, design and game mechanics in souls-like role-playing
video games 3.000 18
2023, 1 szerzd, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q1
An Overview of Display Parameters and Devices that Affect Egocentric Distance Estimation in Virtual
Environments 0.000 0
2023, 3 szerzd, Kdnyvrészlet/Absztrakt / Kivonat (Konyvrészlet)
Examining the Results of Virtual Reality-Based Egocentric Distance Estimation Tests Based on Immersion
Level 1.133 10
2023, 3 szerzd, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q1
The Effect of Engineering Education, on Spatial Ability, in Virtual Environments 0350 20
2023, 4 szerzd, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
Analyzing Accurate Egocentric Distance Estimates of University Students in Virtual Environments with a
Desktop Display and Gear VR Display 0.867 3

95
2023, 3 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2
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The Cognitive Motivation-based APBMR Algorithm in Physical Rehabilitation 0467 1
2023, 3 szerzd, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q2 ’
Length and sentiment analysis of reviews about top-level video game genres on the steam platform 4500 36
2023, 2 szerzd, Folyoiratcikk/Szakcikk (Folydiratcikk) WoS: Q1 SJR: D1 ’
How Egocentric Distance Estimation Changes in Virtual Environments by using a Desktop Display or the
Gear VR 0.000 0
2023, 3 szerzd, Egyéb konferenciakozlemény/Absztrakt / Kivonat (Egyéb konferenciakdzlemény)
Egocentrikus és Exocentrikus Tavolsagok Vizsgalata Virtulis Kornyezetben 0,033 0
2023, 3 szerzd, Kdnyvrészlet/Konferenciakdzlemény (Konyvrészlet) )
Sentiment Analysis of Souls-like Role-Playing Video Game Reviews 1.400 5
2023, 1 szerzd, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
Evaluating Virtual Reality Applications based on Dominant Hand 0.067 0
2023, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Brain computer interfaces in computer science and engineering areas: a systematic study 0.067 4
2023, 6 szerzd, Folyoiratcikk/Szakcikk (Folydiratcikk) SIR: Q3 ’
Virtualis Valésag Alapu Jaték Fejlesztése Nyakrehabilitacios Célra 0.033 0
2023, 3 szerzd, Konyvrészlet/Konferenciakdzlemény (Kényvrészlet) )
Does Virtual Reality Influence Stress Appearance? 0.067 0
2023, 3 szerzé, Kdnyvrészlet/Konferenciakozlemény (Konyvrészlet) '
Jatékra fel! — Virtudlis Valésag alapt ,Negotiation Game” 0017 0
2023, 6 szerzd, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Technologies Designed to Assist Individuals with Cognitive Impairments 0.660 15
2023, 5 szerzd, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q1 ’
Hanghatas Alapu Akadalymentesitési Vizsgalat Virtualis Kérnyezetben 0.050 0
2023, 2 szerz6, Konyvrészlet/Konferenciakdzlemény (Konyvrészlet) )
Beszamold és miszaki dokumentacio 0.000 0
2023, 4 szerzé, Alkotas/Szamitdgépes program (Alkotas) (Nem tudomanyos!!!) )
Image Analysis based on Shape Representation 0.000 0
2023, 3 szerzd, Kdnyvrészlet/Absztrakt / Kivonat (Konyvrészlet) ’
The Live and Virtual Phosphorus Negotiation Game (P-Game): An Introduction to Playing with
Sustainable Development Goals (SDGs) 0.000 0
2022, 22 szerzd, Konyvrészlet/Absztrakt / Kivonat (Konyvrészlet)
Investigation of spatial ability test completion times in virtual reality using a desktop display and the Gear
VR 1.050 20
2022, 4 szerzd, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q1 SJR: Q1
The Effects of Display Parameters and Devices on Spatial Ability Test Times 0.675 3
2022, 4 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2 ’
An Overview of Received Results on MRT, MCT, and PSVT Spatial Ability Tests in Virtual Environments 0.050 4
2022, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) ’
Development of a Negotiation-based Serious Game in Virtual Reality to Help Teach Responsible
Consumption and Production 0.020 4
2022, 10 szerzd, Konyvrészlet/Konferenciakdzlemény (Konyvrészlet)
Improving methods to test spatial perception skills 0.000 1
2022, 4 szerzd, Folyoiratcikk/Absztrakt / Kivonat (Folyoiratcikk) ’
Psychophysical Examination of Memory Colors using a Web Application - A Pilot Study 0.040 0
2022, 5 szerzé, Kdnyvrészlet/Konferenciakdzlemény (Konyvrészlet) )
Memoériaszinek vizsgalata 0.020 0
2022, 5 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
How Banks Were Chosen and Rated in Hungary before and during the COVID-19 Pandemic 1300 4
2022, 3 szerzé, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q1 ’
Implementation of the Heinrich Spatial Visualization Test in a Virtual Environment= A Heinrich Spatial
Visualization Test Implementalasa Virtualis Kérnyezetben 0.075 2
2021, 4 szerzé, Folyoiratcikk/Szakcikk (Folyoiratcikk)
Researching virtual reality and augmented reality devices to enhance human-computer interaction 0.000 0
2021, 1 szerzd, Disszertacio/PhD (Disszertacio) 96 ’
Using Analytics to Identify When Course Materials Are Accessed Relative to Online Exams during Digital 0.200 8
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2021, 2 szerzé, Folyoiratcikk/Szakcikk (Folydiratcikk) SIR: Q2

The Virtual Reality Sound-based Spatial Orientation Project
2021, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.050

A térbeli készséget fejleszt6 virtualis valosag alapu teszteken toltott idék meghatarozasa
2021, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.025

Overtaker — A virtual reality-based serious game for practicing distance estimation
2021, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.050

The Influence of Display Parameters and Display Devices over Spatial Ability Test Answers in Virtual
Reality Environments
2020, 4 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q2 SJR: Q2

0.670

Analyzing the Spatial Skills of University Students with a Virtual Reality Application using a Desktop
Display and the Gear VR
2020, 4 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q3 SJR: Q2

0.452

40

Improvements on Spatial Ability Tests Using Virtual Reality
2020, 4 szerzb, Konyvrészlet/Absztrakt / Kivonat (Konyvrészlet)

0.000

Comparing the Reflection and the Refraction of Light Phenomena in Reality to their Counterparts in a
Virtual Environment Rendered by Cycles
2020, 2 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.100

Preliminary results of evaluating a prediction-based algorithm for movement pattern recognition and
classification
2020, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.067

A megjelenitési paraméterek és eszkdz6k altal befolyasolt eredmények a virtualis valésag alapu
térérzékelési teszteken
2020, 1 szerzb, Konyvrészlet/Absztrakt / Kivonat (Konyvrészlet)

0.000

Haromdimenzios virtualis kornyezet fejlesztése hanghatas alapt HCI és akadalymentesitési vizsgalatra
2020, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.033

Test software development of size and contrast effect research
2020, 5 szerzé, Kdnyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.040

Programozasi nyelvek oktatasi tapasztalatai a COVID-19 jarvany idején
2020, 3 szerz6, Konyvrészlet/Konferenciakdzlemény (Kényvrészlet)

0.033

Presenting the User’'s Focus in Needs & Development (UFIND) method and its comparison to other
design methods
2020, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.067

Movement Pattern Recognition in Physical Rehabilitation - Cognitive Motivation-based IT Method and
Algorithms
2020, 3 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q3 SJR: Q2

0.602

10

Identification of Markers in Challenging Conditions for People with Visual Impairment Using
Convolutional Neural Network
2019, 3 szerzé, Folyoiratcikk/Szakcikk (Folyoiratcikk) WoS: Q2 SJR: Q1

0.825

18

Suitability of the Kinect Sensor and Leap Motion Controller—A Literature Review
2019, 3 szerzé, Folyéiratcikk/Osszefoglalé cikk (Folyéiratcikk) WoS: Q1 SJR: Q1

1.092

131

Designing gamified virtual reality applications with sensors — A gamification study
2019, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.067

A brief review on the challenges of Internet of Things and their solutions
2019, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.067

Preparing spatial ability tests in a virtual reality application
2019, 4 szerzd, Konyvrészlet/Konferenciakdzlemény (Kényvrészlet)

0.050

13

Indoor Navigation for People with Visual Impairment using Augmented Reality Markers
2019, 4 szerzd, Konyvrészlet/Konferenciakdzlemény (Kényvrészlet)

0.050

19

How to Develop Serious Games for Social and Cognitive Competence of Children with Learning
Difficulties
2019, 7 szerzé, Folyoiratcikk/Szakcikk (Folyodiratcikk) WoS: Q3 SJR: Q2

0.174

21

Teaching renewed Multimedia subjects at the University of Pannonia
2019, 3 szerzé, Folyoiratcikk/Szakcikk (Folyoiratcikk)

0.133

Improved algorithms for movement pattern recognition and cg?sification in physical rehabilitation
2019, 3 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)

0.067
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INTELLIGENT SERIOUS GAMES FOR LEARNING IN INFORMAL LEARNING ENVIRONMENTS 0.000 0
2018, 9 szerzé, Egyéb/Nem besorolt (Egyéb) )
Usability and colour-check of a healthcare WEB-site 0.067 6
2018, 3 szerzd, Konyvrészlet/Konferenciakdzlemény (Konyvrészlet) ’
Designing Trainer's Manual for the ISG for Competence Project 0.025 0
2018, 8 szerzd, Konyvrészlet/Konferenciakdzlemény (Konyvrészlet) )
Megujult multimédia targyak oktatasa a Pannon Egyetemen 0.033 0
2018, 3 szerzd, Kdnyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Open world memory game 0.050 0
2018, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Developing a virtual reality application for the improvement of depth perception 0.040 14
2018, 5 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) '
Development of a Wingsuit-style gamified application 0.050 0
2018, 4 szerz6, Konyvrészlet/Konferenciakdzlemény (Kényvrészlet) )
Serious games in movement rehabilitation and in the diagnosis of visual problems 0.000 0
2018, 4 szerzb, Kdnyvrészlet/Konferenciakdzlemény (Konyvrészlet) (Tul rovid, 3 oldal!!l) ’
Development of colour vision test game for android devices 0.050 0
2018, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) )
Android-Based Daily Routine Organizing Application for Elementary School Students Living with ASD 0.050 6
2017, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) ’
"Sliders" Android Game - Improving Logical Skills of People with Disabilities. 0.050 1
2017, 4 szerzd, Konyvrészlet/Konferenciakdzlemény (Konyvrészlet) ’
Pre-Pair Cards" Android Game 0.000 0
2017, 4 szerzd, Egyéb/Nem besorolt (Egyéb) '
"Dyscalculia" serious game for skill development of children with dyscalculia 0.000 0
2017, 4 szerz6, Egyéb/Nem besorolt (Egyéb) )
“Sliders" Android Game - Improving Logical Skills of People with Disabilities 0.100 1
2017, 4 szerzd, Folyoiratcikk/Szakcikk (Folydiratcikk) SJR: Q3 ’
Development of Mathematical Skills Developing Game Software. 0.050 5
2017, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) ’
How to Develop Serious Games for Social and Cognitive Competence of Children with Learning
Difficulties 0.022 14
2017, 9 szerzé, Konyvrészlet/Konferenciakozlemény (Konyvrészlet)
A VR/AR jelenlegi, illetve prognosztizalt felhasznalasi teriletei az egészségiigyben 0.000 0
2017, 3 szerzd, Egyéb/Nem besorolt (Egyéb) '
Android games for developing fine coordination of movement skills 0.100 0
2016, 4 szerzd, Folyoiratcikk/Konferenciakézlemény (Folyoiratcikk) '
Adaptiv szabalyozo interfész terezése Kinect szenzoros mozgasrehabilitaciés alkalmazashoz 0.025 0
2016, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) ’
Kinect szenzoros alkalmazasok vezérléséhez szabalyzé interfész tervezése és megvaldsitasa 0.000 0
2016, 1 szerzb, Egyéb/Diplomamunka, szakdolgozat, TDK dolgozat (Egyéb) '
Students for Students — Mentor Programme at the University of Pannonia 0.000 0
2015, 4 szerzb, Konyvrészlet/Absztrakt / Kivonat (Konyvrészlet) ’
Vilagitastechnikai kutatasok és fejlesztések a tamogaté technoldgiakban 0.000 0
2015, 3 szerzé, Egyéb/Nem besorolt (Egyéb) ’
Developing movement recognition application with the use of Shimmer sensor and Microsoft Kinect
sensor 0.067 5
2015, 3 szerzé, Kdnyvrészlet/Konferenciakdzlemény (Konyvrészlet)
Developing Algorithmic Thinking — Learning Techniques via Visualization Methods 0.000 0
2015, 3 szerzé, Kdnyvrészlet/Absztrakt / Kivonat (Konyvrészlet) ’
Mozgasfelismerd alkalmazas Shimmer- és Microsoft Kinect szenzor vezérléssel 0.025 0
2015, 4 szerzb, Konyvrészlet/Konferenciakozlemény (Konyvrészlet) '
Mozgasfelismero alkalmazas fejlesztése Shimmer szenzoros és Microsoft Kinect szenzoros vezérléssel 0.000 0

2014, 1 szerzé, Egyéb/Diplomamunka, szakdolgozat, TDK dolgozat (Egyéb)
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madja
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témavezetés A COVID-19 vildgjarvany miatt a személyes oktatas digitalissa valt, aminek kdvetkeztében névekedett a virtudlis
leirasa koérnyezetek szama. Ezeket a kdrnyezeteket oktatasi és/vagy munkavégzési célokra hasznéljak. Természetesen,

ezek nem egyenértékiek a valdsagban taldlhatokkal. Kulonbozéséglkbél adédéan masként kell ket hasznalni,
rdadasul a felhasznalék sajatossagait is figyelembe kell venni: a kiilonb6z6 felhasznalok mésként tapasztalhatjak
meg a virtualis tereket, f6képp azok, akik bizonyos fogyatékossaggal rendelkeznek. Vannak, akik nem latjdk
megfelelGen a szineket, vagy egyszerlien a géppel vald interakciot sziikséges konnyiteni képfeldolgozasi technikdk
és algoritmusok hasznalataval. A technolégiai fejlédésnek, valamint a Kognitiv Infokommunikéacié (Cognitive
InfoCommunications) és az Oktatas 5.0-nak kdszonhet6en az emberek és a gépek kdzdsen segitik egymast.
Tovabba a virtudlis kérnyezetek, a fejlesztd jatékok, illetve a jatékalapu tanulas elésegiti a tanulast. A COVID-19
miatt azonban tanuldst és a kiképzést tavolrél kell kezelni: Uj médszereket kell kialakitani, hogy ezek sikeresek
legyenek. Kovetkeztetésképpen, a kutatds célja egy olyan testreszabhaté online virtudlis kornyezet megvaldsitasa,
amelyet kulénféle képességgel rendelkezé emberek hasznalhatnak oktatési és kiképzési célokra. El6szor a
meglévo virtualis kornyezetek vizsgalata szlikséges, fel kell mérni azok el6nyeit és hatranyait akadalymentesités és
hasznéalhatdség tekintetében. A vizsgalat eredményeit az online virtudlis tér tervezésénél és implementélasanal
kell hasznositani, hogy az akaddlymentes és hasznalhaté legyen a kiilonb6z6 felhasznéldk szdmara, valamint
elésegitse a jaték- és csapatalapu tanulast. Az akadalymentesitést és a hasznalhatésagot javité médszerek
kutatasaval és megvaldsitaséval az Oktatas 5.0 kiegészitése, valamint a virtualis terek fejlesztdit segit6 ajanlasok
megfogalmazdsa a cél. Ez lehet6vé teszi szamukra egy akaddlymentes kornyezet kialakitasat a HCl tudomanyéagak
és az univerzalis tervezés elveinek tdmogatasa mellett. A kutatasi téma el6zményei: a témavezetd(k) aldbbi
kozleményeiben taldlhatéak [1] Sik Lanyi, C., & Withers, J. D. A. (2020). Striving for a Safer and More Ergonomic
Workplace: Acceptability and Human Factors Related to the Adoption of AR/VR Glasses in Industry 4.0. Smart
Cities, 3(2), 289-307. [2] Guzsvinecz, T., Orban-Mihalyko, E. Perge, E., & Sik-Lanyi, C. (2020). Analyzing the spatial
skills of university students with a Virtual Reality application using a desktop display and the Gear VR. Acta
Polytechnica Hungarica, 17(2), 35-56. [3] Guzsvinecz, T., Sik-Lanyi, C., Orban-Mihalyko, E., & Perge, E. (2020). The
influence of display parameters and display devices over spatial ability test answers in virtual reality
environments. Applied Sciences, 10(2), 526. [4] Guzsvinecz, T., Orban-Mihalyko, E., Sik-Lanyi, C., & Perge, E. (2021).
Investigation of spatial ability test completion times in virtual reality using a desktop display and the Gear VR.
Virtual Reality, 1-14. [5] Szucs, V., Sik-Lanyi, C., & Guzsvinecz, T. Presenting the User"s Focus in Needs &
Development (UFIND) method and its comparison to other design methods. In 2020 11th IEEE International
Conference on Cognitive Infocommunications (CoglInfi ), pp. 89-96. A kutatasi téma el6zményei: az
irodalomban taldlhaté aldbbi kozleményekben is szerzge nek [6] Baranyi, P., & Csapd, A. (2012). Definition and
synergies of cognitive infocommunications. Acta Polytechnica Hungarica, 9(1), 67-83. [7] Kavanagh, S., Luxton-
Reilly, A., Wuensche, B., & Plimmer, B. (2017). A systematic review of virtual reality in education. Themes in Science
and Technology Education, 10(2), 85-119. [8] Legi, H., Giban, Y., & Hermanugerah, P. (2022). Virtual Reality
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Education In Era 5.0. Journal Research of Social, Science, Economics, and Management, 2(04), 504-510. [9] Katona,
J.(2021). A review of human-computer interaction and virtual reality research fields in cognitive
InfoCommunications. Applied Sciences, 11(6), 2646. [10] Herga, N. R., Cagran, B., & Dinevski, D. (2016). Virtual
laboratory in the role of dynamic visualisation for better understanding of chemistry in primary school. Eurasia
Journal of Mathematics, Science and Technology Education, 12(3), 593-608. [11] Kapilan, N., Vidhya, P., & Gao, X. Z.
(2021). Virtual laboratory: A boon to the mechanical engineering education during covid-19 pandemic. Higher
Education for the Future, 8(1), 31-46
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A memodriaszin egy targgyal (pl. gyimolcsok, levél, égbolt) térsithaté szin, amely gyakran lathaté a mindennapi
életben, és a legtobb embernél hasonlé. A memoriaszin egy targy tipikus szine, amelyre a targyrél szerzett
tapasztalatainkbdl emléksziink. Minél gyakrabban latunk egy bizonyos targyat élettinkben, annal
koévetkezetesebben reprodukalhaté az agyunkban annak szine. A 20. szazad kozepétél az elmult évekig szamos
tanulmany létezik a memoriaszin kutatasaval kapcsolatban, hogy csak néhdnyat emlitstink [1-5]. Az IT-
alkalmazésok, példaul a virtudlis valdsag (VR) vagy a kiterjesztett val6sag (AR), a komoly jatékok vagy a
webalkalmazasok front-end fejlesztése kilonb6z6 technikakat, eszkdzoket és irdnyelveket igényel az objektumok
azonositasédhoz és tervezéséhez, beleértve a szintervezést is. Ezért a memoria szineivel kapcsolatos kutatasi
kérdések (K) tobb f& teruletet foglalnak magukban: K1: Befolydsolja-e az emberek nemzetisége a hosszu tavia
memériaszinuket? K2: Megvéltozik-e az emberek memariaszine, ha hosszabb ideje egy masik orszagban élnek?
K3: Léteznek-e tipikus szinek a kilénb6z8 VR/AR jatéktipusokhoz? K4: A VR-alapu jatékokkal eltdltott id6
befolyadsolja a hosszu tavi memériaszineinket? K5: Megallapithaté a memoriaszinek teszteredményei alapjan,
hogy valaki VR-jatékfligg6? K6: A képjel jelenléte vagy hidnya befolydsolja a szinvalasztast? E kérdések
elemzésének elmélyitése kulcsfontossadgu a Serious Games kutatds alapjainak megerd&sitéséhez. A Ph.D. f6 célja,
hogy Uj vizsgélati mddszereket dolgozzon ki memdriaszinek vizsgélatara, valamint médszertani javaslatot,
osszehasonlitast és elemzést készitsen Uj algoritmusokkal kiilonb6zé komoly jatékok tervezéséhez. A kutatdsi
téma el6zményei az aldbbi kdzleményekben talalhatéak: [1] CJ. Bartleson, “Memory colors of familiar objects”,
Journal of the Optical Society of America, vol. 50, no. 1, pp. 73-77, 1960. [2] P.M. Henry, V. Cheung, S. Westland,
“Accuracy of Cross-Media Colour Memory”, Association Internationale de la Couleur (AIC). Interim Meeting in
Stockholm June 15-18, 2008 [3] C. Sik Lanyi, “Investigating of Memory-Colours of Intellectually Disabled Children
and Virtual Game Addict Students”, In Symposium of the Austrian HCl and Usability Engineering Group, pp. 463-
475, 2009. Springer, Berlin, Heidelberg. [4] C. Sik Lanyi, “Styles or Cultural Background does Influence the Colors of
Virtual Reality Games?” Acta Polytechnica Hungarica, 2014. 11(1): 97-119. ISSN: 1785-8860, (IF=0.471 in 2013), [5]
C. Sik Lanyi, A. Domotor, B. Halmosi, J. Sz(ics, T. Guzsvinecz, ,Psychophysical Examination of Memory Colors using
a Web Application - A Pilot Study”, 13th IEEE International Conference on Cognitive InfoCommunication
(CoglnfoCom 2022) online, September 20-22, 2022
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A digitdlis transzformacié és a mesterséges intelligencia (Ml) gyors fejlédése alapjaiban valtoztatja meg a
szervezetek miikodését és projektmenedzsment-folyamatait. Az agilis médszertanok - kiilondsen a Scrum és a
Kanban - napjainkra meghatarozéva valtak a szoftverfejlesztési és innovaciés kérnyezetekben. Ugyanakkor a
mesterséges intelligencia megjelenése Uj lehet&ségeket és kihivasokat hozott az agilis projektek tervezésében,
nyomon kévetésében és irdnyitdsaban. A kutatas célja annak vizsgélata, hogy az Ml technolégidk (példaul gépi
tanulds, természetes nyelvfeldolgozas, prediktiv elemzés) hogyan integralhaték az agilis projektmenedzsmentbe a
doéntéshozatal, eréforrds-elosztds, kockdzatmenedzsment és csapatkoordinacié optimalizaldsara. Tovabbi cél,
hogy feltérképezze azokat az MI-eszkdzoket és modszereket, amelyek hatékonyan tdmogathatjék a
sprinttervezést, feladatprioritds-kezelést, projekt-elérejelzéseket, vagy akar automatizalt dontéstdmogatast. A
kutatas elméleti és gyakorlati megkozelitést is alkalmazhat: lehetéség van Uj koncepcionalis modellek
kidolgozasara, prototipusok fejlesztésére, valés projektek esettanulmany-szint(i elemzésére, illetve longitudinalis
hatasvizsgélatok lefolytatdsara. A vizsgélat fokuszélhat tovabba a mesterséges intelligencia és a human
dontéshozatal kézotti interakcidkra, valamint az agilis csapatok dnszervezédé miikddésének véltozasaira Ml
bevonasa mellett. A kutatas varhaté kimenete lehet egy javasolt keretrendszer kidolgozasa Ml és agilis

esetére. Emellett a kutatds hozzéjarulhat a mesterséges intelligencia transzparens, etikus és felhasznalé-kézpontu
bevezetéséhez az agilis kérnyezetekben. A kutatasi téma el6zményei az alabbi k6zleményekben taldlhatéak Tian,
Y., Antwi-Afari, M. F., Seo, J., Mi, H. Y., & Fadaie, S. (2025). A systematic literature review of human-autonomy teams
in project management. International Journal of Building Pathology and Adaptation. https://doi.org/10.1108/|)BPA-
12-2024-0271 Asif, M., Aldosari, F. M., Badawood, D. Y., & Salam, A. (2025). CAMP-GNN: A Constraint-Aware
Message-Passing model for Optimal Resource Allocation in Software Projects. IEEE Access.
https://doi.org/10.1109/ACCESS.2025.3571048 Cornide-Reyes, H., Monsalves, D., Durén, E., Silva-Aravena, F., &
Morales, J. (2025). Generative Artificial Intelligence in Agile Software Development Processes: A Literature Review
Focused on User eXperience. In International Conference on Human-Computer Interaction (pp. 228-246).
Springer, Cham. https://doi.org/10.1007/978-3-031-93536-7_16
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Dr. Guzsvinecz Tibor egyetemi docens, PE MIK Informatikai Rendszerek és
Alkalmazésai Tanszék
Dr. Vésarhelyi Jozsef egyetemi tanar, ME GEIK Automatizalasi és
Infokommunikaciés Intézet

Hivatalos biralok:
Dr. Harangi Balazs egyetemi docens, DE IK Adattudomany és Vizualizacio Tanszék
Dr. Haller Piroska egyetemi docens, George Emil Palade University of Medicine,
Pharmacy, Science, and Technology of Targu Mures, Electrical Engineering and

Information Technology Department
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Témavezetd: Dr. Gal Zoltan egyetemi tanar



SZECHENYI
EGYETEM

UNIVERSITY OF GYOR  um

Z

MEGHIVO

A Széchenyi Istvan Egyetem Multidiszciplindris Miiszaki Tudomanyi Doktori Iskoldjanak
Tanacsa meghivja Ont

Persa Gyorgy

Novel Metaphors of Communication in Collaborative VR Spaces

cima Ph.D. értekezésének védésére.

A védés idépontja és helyszine:
2025. augusztus 21. 11:00 ora
Széchenyi Istvan Egyetem UT. 230. (9026 Gyér, Egyetem tér 1.)

Témavezeté: Dr. Csapé Adam Balazs PhD egyetemi tanar, BCE

A biralé bizottsag:

Elnok: Dr. Nagy Szilvia PhD egyetemi tanar, SZE
Titkar: Dr. Szi Brigitta PhD egyetemi adjunktus, SZE
Tagok: Dr. Kuczmann Miklés DSc egyetemi tanar, SZE

Dr. Katona Jozsef PhD egyetemi docens, DUE
Dr. Sudar Anna Réka PhD egyetemi adjunktus, BCE

Az értekezés biraloi:
Dr. Gilanyi Attila PhD egyetemi docens, DE
Dr. Guzsvinecz Tibor PhD egyetemi docens, PE

Az értekezés tézisei €s a disszertacid megtekintheték a Multidiszciplinaris Miiszaki Tudomanyi
Doktori Iskola honlapjan (http://mmtdi.sze.hu) a ,,Fokozatszerzések™ meniipont alatt, és a Doktori
Iskola Titkarsagan (UT. 113). Az értekezés védésén barki részt vehet, kérdéseket tehet fel a
Jeloltnek és véleményt nyilvanithat.

Gydr, 2025. julius 31.

Dr. Kuczmann Miklds
egyetemi tanar
DI vezeto
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Re: Szab6 Katalin Beatrix el6zetes vita - felkérés bizottsagban valo részvételre és biralat elkészitésére

Feladé  Dr. Guzsvinecz Tibor <guzsvinecz.tibor@zek.uni-pannon.hu>

Cimzett Dr. Vaszil Gyorgy <vaszil.gyorgy@inf.unideb.hu>

Masolat Dr. Kocsis Gergely <kocsis.gergely@inf.unideb.hu>, Dr. Papp Ildiké <papp.ildiko@inf.unideb.hu>, Dr. Gilényi Attila Laszlé
<gilanyi.attila@inf.unideb.hu>, Katalin Szabo <b.katalinszabo@gmail.com>

Datum  2025-05-29 18:36

Kedves Gergely,

A felkérést megkaptam és tudom is vallalni.

Udy,

Tibor

2025-05-29 13:45 id6épontban Dr. Vaszil Gyorgy ezt irta:
Kedves Gergd!

A felkérést 6rommel vallalom.

Udvézol,

Vaszil Gyorgy

------ Original Message ------

From "Dr. Kocsis Gergely" <kocsis.gergely@inf.unideb.hu>

To "Dr. Vaszil Gyorgy" <vaszil.gyorgy(@inf.unideb.hu>; "guzsvinecz.tibor(@zek.uni-pannon.hu" <guzsvinecz.tibor(@zek.uni-pannon.hu>; "Dr. Papp Ildik6" <papp.ildiko@jinf.unideb.hu>

Cc "Dr. Gilanyi Attila Laszl6" <gilanyi.attila@inf.unideb.hu>; "Katalin Szabo" <b.katalinszabo@gmail.com>
Date 2025-05-29, 13:43:28

Subject Szabo Katalin Beatrix elézetes vita - felkérés bizottsagban valo részvételre ¢és biralat elkészitésére

Tisztelt Biralok, Tisztelt Elnék Ur!

Szabd Katalin Beatrix doktorjeldlt témavezetSjével arrdl értesitett, hogy Ondket szeretnék felkérni elndknek (Dr. Vaszil Gyérgy), illetve biralénak (Dr. Papp
Ildiko, Dr. Guzsvinecz Tibor) a jellt doktori értekezéséhez, mely szandékukat a Doktori Iskola Vezet6je és az illetékes Programvezet§ is tdmogatta.

Az Informatikai Tudomanyok Doktori Iskola nevében ezért eziton tisztelettel felkérem Onéket, hogy a bizottsag munkajaban részt venni sziveskedjenek.
Tisztelettel kérem Onoket, vélaszlevélben legyenek kedvesek visszaigazolni, hogy a felkérést megkaptak és jelezni, hogy tudjak-e vallalni.

Az Egyetem Doktori Szabalyzatanak alapjan:

"A biraldk az dltaluk készitett birdlatban kotelesek nyilatkozni, hogy a rendelkezésre allé adatok alapjan az értekezés megfelel a publikdlas tudomanyetikai
kovetelményeinek."

Ez a gyakorlatban azt jelenti, hogy az Egyetem konyvtara altal elkészitett szovegegyezés vizsgalat kivonatat attekintve a biralok arrdl nyilatkoznak, hogy a
talalt szovegegyezések etikailag kifogasolhatdak-e, plagiumnak mindsilnek-e.

Az elkészilt riportokat mellékelem.

A biralatban kérjiik egyértelm(en szerepeltetni, hogy a jel6lt dolgozata alapjan javasoljak-e a munka nyilvdnos vitdra bocsatasat.
A biralati eljarassal és magaval a biralattal kapcsolatos tovabbi informacié talalhaté a Doktori Iskola honlapjan: https://infphd.unideb.hu/biraloknak-es-

kulso-tagoknak
A dolgozat vizsgalat el6tti verzidjat mellékelem.
A biralatot alairva kérjiik elektronikus formaban kildjék el a jeloltnek és nekem is.

Mellékletek:
Dissertation_SzaboBK.pdf

similarity_report 1.zip

El6re is koszonve a munkdjukat.

Udvozlettel,

Kocsis Gergely

Titkar

Debreceni Egyetem 110
Informatikai Tudomanyok Doktori Iskola

Dr. Guzsvinecz Tibor




egyetemi docens / associate professor
Informatikai Rendszerek és Alkalmazasai Tanszék / Department of Information Technology and its Applications
guzsvinecz.tibor@zek.uni-pannon.hu
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DEBRECENI EGYETEM
TERMESZETTUDOMANYI ES MUSZAKI TUDOMANYI DOKTORI TANACS

D E B R E C E N I 4002 Debrecen, Pf.: 400
Tel: 52/512-900/62890,
EGYETEM e-mail: phd-ttk@science.unideb.hu

Meghivo

Kaabi Jasim Hussein Lafta

»Developing a Biometric Based Authentication
to Secure Transferring Data via Cloud Environment”
cimii egyetemi doktori értekezésének nyilvanos vitdjat
a DE Természettudomanyi és Miiszaki Tudomanyi Doktori Tandcsa
informatikai tudomanyok tudomanyagban
2025. julius 7-én, 13:00 érara tiizte Ki.
Helye: DE IK-102-es terem
(4028 Debrecen, Kassai ut 26.)

A Biralo Bizottsag:
Elnok: Dr. Vaszil Gyorgy egyetemi tanar, DE IK Szamitogéptudomanyi Tanszék
Tagok: Dr. Adamko Attila Tamas egyetemi docens, DE IK Informacié Technoldgia Tanszék
Dr. Battyanyi Péter adjunktus, DE IK Szamitogéptudomanyi Tanszék
Dr. Guzsvinecz Tibor egyetemi docens, PE MIK Informatikai Rendszerek és
Alkalmazasai Tanszék
Dr. Koczka Ferenc adjunktus, EKKE IK Informaciotechnologiai Tanszék
Hivatalos biralok:
Dr. Kuki Attila egyetemi docens, DE IK Informatikai Rendszerek és Halozatok
Tanszék

Dr. Kiraly Sandor egyetemi docens, EKKE IK Informacioétechnoldgiai Tanszék

Témavezeto: Dr. Tornai Robert egyetemi docens
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SZECHENYI
EGYETEM

UNIVERSITY OF GYOR  wm

J

MEGHIVO

A Szechenyi Istvan Egyetem Multidiszeiplinaris Miiszaki Tudomanyi Doktori Iskolajanak Tanacsa
meghivja Ont

Persa Gyorgy

Abstract Aggregated Avatars: Novel Metaphors of Communication in
Collaborative VR Spaces

cimii PhD értekezésének munkahelyi vitjara.
Témavezeté: Dr. Csapé Adam Balazs PhD egyetemi tanar, BCE

Levezet6 elnok: Dr. Nagy Szilvia PhD egyetemi tanar, SZE

Biralok: Dr. Gilanyi Attila PhD egyetemi docens, DE
Dr. Guzsvinecz Tibor PhD egyetemi docens, PE
Titkar: Dr. Szi Brigitta PhD egyetemi adjunktus, SZE

A munkahelyi vita idopontja €s helyszine:

2025. majus 28. 11%° 6ra

https://meet.qgoogle.com/mky-wgvj-dww

Az ¢értekezés tézisei megtekinthetok a Multidiszciplinaris Miiszaki Tudoményi Doktori Iskola
honlapjan (http://mmtdi.sze.hu) a ,,Fokozatszerzések” meniipont alatt. A munkahelyi vitan barki részt
vehet, kérdéseket tehet fel a Jeloltnek €s véleményt nyilvanithat.

Gyor, 2025. majus 21.

Dr. Kuczmann Miklds
egyetemi tanar
DI vezeto
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SZECHENYI
EGYETEM

UNIVERSITY OF GYOR  um

Z

MEGHIVO

A Széchenyi Istvan Egyetem Multidiszciplindris Miiszaki Tudomanyi Doktori Iskoldjanak
Tanacsa meghivja Ont

Cristina Monsone
Novel Vision Based Al Methods for Industrial Robotics

cima Ph.D. értekezésének védésére.

A védés idépontja és helyszine:
2024. december 4. 11% 6ra
Széchenyi Istvan Egyetem, UT. 230-as terem
(9026 Gydr, Egyetem tér 1.)

Témavezeté: Dr. Csapd Adam Balézs PhD egyetemi docens, BCE

Elnok: Dr. Wersényi Gyorgy PhD egyetemi tanar, SZE
Potelnok: Dr. Kuczmann Miklés DSc egyetemi tanar, SZE
Titkar: Dr. Erdés Ferenc PhD egyetemi docens, SZE
Péttitkar:  Dr. Fehér Andras PhD egyetemi docens, SZE
Tagok: Dr. Nagy Szilvia PhD egyetemi tanar, SZE

Dr. Katona Jézsef PhD egyetemi docens, DUE
Dr. Guzsvinecz Tibor PhD egyetemi adjunktus, PE
Pottag: Dr. Varjasi Norbert PhD egyetemi docens, SZE

Az értekezés biraloi:
Dr. Horvéth Ildik6 PhD egyetemi adjunktus, BCE
Dr. Kd6vari Attila PhD egyetemi tanar, EKKE

Az értekezés tézisei €s a disszertdcid megtekinthetdk a Multidiszciplinaris Miiszaki Tudomanyi
Doktori Iskola honlapjan (http://mmtdi.sze.hu) a ,,Fokozatszerzések” meniipont alatt, és a Doktori
Iskola Titkarsagan (UT. 113). Az értekezés védésén barki részt vehet, kérdéseket tehet fel a
Jeloltnek és véleményt nyilvanithat.

Gyor, 2024. november 4.

Dr. Kuczmann Miklos
egyetemi tanar
DI vezetd
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Multidiszciplinaris Miiszaki Tudomanyi Doktori Iskola
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SZECHENYI
EGYETEM

UNIVERSITY OF GYOR  um

Z

INVITATION
The Doctoral Council of University and the

Doctoral School of Multidisciplinary Engineering Sciences of Széchenyi Istvan University
cordially invites you to the Ph.D. doctoral defence of

Tarek SETTI
Cognitive Aspects of 2D Content Management in Virtual 3D Spaces

Date and venue:
27th November 2024, 11:00 a.m.

Széchenyi Istvan University, room UT.230
(H-9026 Gyér, Egyetem tér 1.)

Supervisor: Dr. CSAPO Adam Balazs PhD associate professor, BCE

Chairman:  Dr. NAGY Szilvia PhD full professor, SZE

Secretary: Dr. FEHER Andras PhD associate professor, SZE

Members: Dr. HORVATH Ildiké PhD associate professor, BCE
Dr. SALLAI Gyula DSc professor emeritus, BME
Dr. VARJASI Norbert PhD associate professor, SZE

Reviewers (Opponents):
Dr. FOLDESI Péter CSc full professor, SZE
Dr. GUZSVINECZ Tibor PhD assistant professor, PE

Thesis abstract and the full thesis work is available through the Doctoral School of
Multidisciplinary Engineering Sciences (http://mmtdi.sze.hu), as well as through the Secretary of
the Doctoral School (room UT. 113). The thesis defence is public, any individual can participate,
pose a question to the candidate and share their opinion about the thesis.

Gyor, 22" of October, 2024

Prof. Dr. KUCZMANN Miklds
President of Doctoral Committee
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Doctoral School of Multidisciplinary Engineering Sciences
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MUEGYETEM 1782

Ikt. szam: 580858/3/2024

Dr. Guzsvinecz Tibor
egyetemi adjunktus

Pannon Egyetem, Zalaegerszegi Egyetemi Kozpont
Informatikai Rendszerek és Alkalmazasai Tanszék

Tisztelt Adjunktus Ur!

Ertesitem, hogy a Gazdéalkodas- és Szervezéstudomanyi Habilitaciés Bizottsag és Doktori Tanacs
nyilvanos vitéra tiizte ki

Ibrahim Hamza

Empirical analysis of gamification influence on organisational behaviour: Exploring game
elements exposure influence on employees’ work engagement, job satisfaction, and
performance

cimi doktori (PhD) dolgozatat.
Kérem, hogy a nyilvanos vitan a Biral Bizottsag munkdajaban tagként részt venni sziveskedjen.
A nyilvéanos vita az alabbi idépontban és helyen keriil megrendezésre:

2024. oktober 03. 15:00 o6ra.

BME Gazdasag- és Tarsadalomtudomanyi Kar
1117 Budapest, Magyar tudésok korutja 2., Q épiilet, A szirny, fszt. 17.

Elnok: Dr. Nemeslaki Andras BME
Titkér: Dr. Pataki-Bitt6 Fruzsina BME
Tagok: Dr. Guzsvinecz Tibor PE
Dr. Pataki Béla BME
Opponensek: Dr. habil. Berényi Laszl6 ME
Dr. Rab Arpad NKE
Tartalék elnok: Dr. Dobos Imre BME
Tartalék tag: Dr. Kiraly Orsolya ELTE

A Biralé Bizottsag 14:45 és 15:00 6ra kozott a BME Q épiilet A szarny fszt. 17. teremben
megbeszélést tart, amelyen kérem, sziveskedjen megjelenni.

Az értekezés és a tézisfiizet megtekinthetd az Orszagos Doktori Tandcs honlapjan

(https://doktori.hu/). /’EC\'G.APESS‘O“B‘A%SNZ;}KI 2
/ G l\lD B2 Ak Eeve 754/'
Budapest, 2024. szeptember 9. Gazdalkodas- 6s Szervezéstudomanyi

Tisztelettel: Habilitacios Bizottsag és Doktori Tanacs

\\ elnok

Dr. Koltai Tamas s.k.
elnok
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SZECHENYI
EGYETEM

UNIVERSITY OF GYOR  um

Z

INVITATION

The Doctoral Committee of the Doctoral School of Multidisciplinary Engineering Sciences of
Széchenyi Istvan University cordially invites you to the Ph.D. doctoral pre-defence (i.e.,
workshop Ph.D. defence) of

Tarek SETTI

Cognitive Aspects of 2D Content Management in Virtual 3D Spaces

Date and venue:
1:30 p.m. on the 4th of March 2024
Széchenyi Istvan University, room UT. 230/2
(H-9026 Gyoér, Egyetem tér 1.)

Supervisor: Dr. CSAPO Adam PhD associate professor, BCE

Chairman: Dr. NAGY Szilvia PhD full professor, SZE
Secretary: Dr. FEHER Andras PhD associate professor, SZE

Assessors:
Dr. FOLDESI Péter CSc full professor, SZE
Dr. GUZSVINECZ Tibor PhD assistant professor, PE

Thesis abstract and the full thesis work is available through the Doctoral School of
Multidisciplinary Engineering Sciences (http://mmtdi.sze.hu), as well as through the Secretary of
the Doctoral School (room UT. 113). The thesis defence is public, any individual can participate,
pose a question to the candidate and share their opinion about the thesis.

Gyor, 5™ of February, 2024

Sincerely,

Dr. KUCZMANN Miklos
President of Doctoral Committee
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DEBRECENI EGYETEM
TERMESZETTUDOMANYI ES INFORMATIKAI DOKTORI TANACS

DEBRECENI oo Debrecn P o0

Tel:: 52/512-900/62890,

EGYETEM email: phd-ttk@science.unideb.hu

7

Datum: Debrecen, 2023.10.09.
Ugyintéz6: Bessenyei Eva

Meghivo

Toth Robert

,, Methods, packages, and applications for the development and
use of Mental Cutting Test exercises”
cimt egyetemi doktori értekezésének nyilvanos vitajat
a DE Természettudomanyi és Informatikai Doktori Tandcsa
informatikai tudomanyok tudomanyagban
2023. oktober 30-an, 13:45 érara tiizte ki.
Helye: DE IK, IK-102-es terem
(4028 Debrecen, Kassai ut 26.)
A Biralo Bizottsag:
Elnok: Dr. Ispany Marton egyetemi tanar, DE IK Informacié Technoldgia Tanszék
Tagok: Dr. Szathmary Laszl6 egyetemi docens, DE IK Informacioé Technologia Tanszék
Dr. Varga Imre egyetemi docens, DE IK Informatikai Rendszerek és Halozatok
Tanszék
Dr. Kovasznai Gergely egyetemi docens, EKKE IK Szamitastudomanyi Tanszék
Dr. Guzsvinecz Tibor adjunktus, PE ZEK MIK Informatikai Rendszerek és
Alkalmazésai Tanszék
Hivatalos biralok:

Dr. Csernoch Maria egyetemi docens, DE IK Szamitogéptudomanyi Tanszék

Dr. Kiraly Sandor egyetemi docens, EKKE IK Informaciotechnolégiai Tanszék

Témavezetd: Bodroginé Dr. Zichar Marianna egyetemi docens
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SZECHENYI
EGYETEM

UNIVERSITY OF GYOR  um

Z

MEGHIVO

A Széchenyi Istvan Egyetem Multidiszciplindris Miiszaki Tudomanyi Doktori Iskola Tanacsa
meghivja Ont

Sudar Anna

Spatial Cognition in 3D Virtual Spaces and in
2D Interfaces — Object Placement Dependent
Changes in Information Processing and Recall

cimi Ph.D. értekezésének védésére.

A védés idépontja és helyszine:
2023. oktober 11. 13:00 6ra
Széchenyi Istvan Egyetem, Uj Tudastér 230-as terem
(9026 Gydr, Egyetem tér 1.)

Témavezeté: Dr. Csapo Adam PhD egyetemi docens, Budapesti Corvinus Egyetem

A biralé bizottsag:

Elnok: Dr. Foldesi Péter CSc egyetemi tanar, SZE

Tagok: Dr. Guzsvinecz Tibor PhD egyetemi docens, PE
Dr. Sallai Gyula DSc professzor emeritus, BME
Dr. Varjasi Norbert PhD egyetemi docens, SZE

Titkar: Dr. Erdds Ferenc PhD egyetemi docens, SZE

Az értekezés biraloi:
Dr. Bir6 Jozsef DSc egyetemi tanar, BME
Dr. Kuczmann Miklos DSc egyetemi tanéar, SZE

Az értekezés tézisei €s a disszertacid megtekinthet6k a Multidiszciplinaris Miiszaki Tudomanyi
Doktori Iskola honlapjan (http://mmtdi.sze.hu) a ,,Fokozatszerzések™ meniipont alatt, és a Doktori
Iskola Titkarsagan (UT. 113). Az értekezés védésén barki részt vehet, kérdéseket tehet fel a
Jeloltnek és véleményt nyilvanithat.

Gyor, 2023. szeptember 25.

Udvézlettel:

Dr. Kuczmann Miklos
DIT elndk
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MUEGYETEM 1782

Intézményi azonosit6: F123344
Tkt. szam: 580552/5/2023

Dr. Guzsvinecz Tibor
egyetemi adjunktus

Tavkozlési és Médiainformatikai Tanszék (PE)
Tisztelt Adjunktus Ur!
Ertesitem, hogy a Gazdalkodés- és Szervezéstudoméanyi Habilitacios Bizottsag €s Doktori Tandcs
nyilvanos vitara tlizte ki
Szabé Balint

Felhasznal6-kozponti szempontok megjelenése a szoftverfejlesztés folyamataiban: szoftverek
termékmenedzsmentje a cégek sokszinii gyakorlataban

cimil doktori (PhD) dolgozatat.
Kérem, hogy a nyilvanos vitan a Birdlé Bizottsag munkajaban tagként részt venni sziveskedjen.
A nyilvanos vita az alabbi iddpontban és helyen keriil megrendezésre:

2023. szeptember 15. 14:00 éra.

BME Gazdasag- és Tarsadalomtudomanyi Kar
1117 Budapest, Magyar tudésok korutja 2.
Q épiilet, B szarny, 4. em. 402.

Elnok: Dr. Nemeslaki Andrés BME
Titkar: Dr. Tovolgyi Sarolta BME
Tagok: Dr. Sallai Gyula BME
Dr. Guzsvinecz Tibor PE
Opponensek: Dr. Berényi Léaszlo ME
Sikné dr. Lanyi Cecilia PE
Tartalék elnok: Dr. Dobos Imre BME
Tartalék tag: Dr. Sebestyén Zoltan BME

A Biral6 Bizottsag 13:45 és 14:00 6ra kozott a BME Q épiilet B szarny 4. em. 402. teremben
megbeszélést tart, amelyen kérem, sziveskedjen megjelenni.

Az értekezés és a tézisfiizet megtekinthetd az Orszadgos Doktori Tandcs honlapjan
(https://doktori.hu/).

Budapest, 2023. augusztus 21.

: . OAPESTI MUSZAK) ¢
Tisztelettel: %NWEG}% (_,/—Q
o &, Dr. Koltai Tamfas

\ Gazdilkodis- &s Szervezistudomanyi Doktori Iskola Chlf)k
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2b.1 Kutatasszervezési tapasztalat, eredményesség

Erdemi részvétel orszagos vagy nemzetkozi kutata-
si/fejlesztési/innovacios palyazat megvaldsitasaban

Témateriileti Kivalosagi Program (TKP2021-NVA-10)

Egyetemi Innovéciés Okoszisztéma — Proof of Concept Program (2019-
1.2.1-ECGYETEMI-OK0-2019-0005)

Gyakorlatorientalt fels6foku képzések infrastrukturalis- és készségfej-
lesztése (RRF-2.1.2-21-2022-00007)

Dualis képzés fejlesztése a Pannon Egyetemen (EFOP-3.5.1-16-2017-
00010)

Jatékra fell Komoly jatékok fejlesztésének lehetGségei a gyermekek
egészség-, kornyezeti nevelésében és a nyelvtanulasban" (2021-1.2.4-
TET-2021-00007)

COST Action CA19104 — Advancing Social Inclusion through Techno-
logy and Empowerment

Innovativ megoldésokkal a BGE fels6foku képzései mindségének és hoz-
zaférhetGségének javitasaért (EFOP-3.4.3.-16-2016-00020)

yIntelligent Serious Games for Social and Cognitive Competence"
(2015-TR0O1-KA201-022247)

,Z0ld Energia — FelsGoktatéasi agazati egyiittmiikodés a zold gazdasag
fejlesztésére az energetikai teriileten" (TAMOP-4.1.1.C-12/1/KONV-
2012-0017)

Intézményi palyazat témavezetése

Egyetemi Kutatéi Osztondij Program (EKOP) &szténdij (6 hénap),
Kulturélis és Innovacios Minisztérium (2025)

Egyetemi Kutatoi Oszténdij Program (EKOP) 6sztondij (12 hénap),
Kulturélis és Innovacios Minisztérium (2024)

INKP — Ifjusagi Nemzetkozi Konferencia Tudoméanyos Palyazat, Ma-
gyar Tudoményos Akadémia (2024)

Tudoményos Mecenattra palyazat, Nemzeti Kutatési, Fejlesztési és In-
novacios Hivatal (2024-2025, 12 honap)
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Uj Nemzeti Kivalosagi Program ,,Tudoménnyal fel!" doktorvaromanyosi
és posztdoktori kutatoi 6sztondij (12 honap), Kulturalis és Innovacios
Minisztérium (2023)

Uj Nemzeti Kivalosagi Program ,,Tudoménnyal fel!" doktorvaromanyosi
és posztdoktori kutatoi 6sztondij (12 honap), Kulturalis és Innovacios
Minisztérium (2022)

Tudoményos Mecenattra palyazat, Nemzeti Kutatési, Fejlesztési és In-
novacios Hivatal (2021-2022, 12 honap)

Uj Nemzeti Kivalosagi Program ,,Tudomannyal fel!" doktorvaromanyosi
és posztdoktori kutatoi 6sztondij (12 honap), Innovécios és Technologiai
Minisztérium (2021)

Uj Nemzeti Kivalosagi Program doktori hallgatoi kutatéi 6sztondij (5
honap), Innovacios és Technologiai Minisztérium (2020)

Nemzet Fiatal Tehetségeiért Osztondij, Emberi Ersforrasok Miniszté-
riuma (2019)

PhD kivalosagi osztondij, Multidiszciplinaris Kivalosagi Kutatokoz-
pont, Pannon Egyetem (2018)
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2b.2 Hazai és nemzetkozi elismertség

Hazai vagy nemzetkozi tudomanyos szervezet elnokségi tag, konfe-
rencia elnok

e MTA Veszprémi Teriileti Bizottsag (VEAB) Informatikai és Szamitas-
tudomanyi Munkabizottsag, alelnck (2025-)
Tarselnok, szekcidszervezs elnok, felkért plenaris el6ado
Szekcidszervezd elnok:

e 7th International IEEE Conference AND Workshop in Obuda on El-
ectrical and Power Engineering (Cando-EPE 2024)
https://conf.uni-obuda.hu/Cando2024 /final.html

e 2nd IEEE International Conference on Cognitive Aspects of Virtual
Reality (CVR 2023)
https://scitope.com/cvr23/7page id=22
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Szerkeszt6i tevékenység
Folyéiratok:

e Discover Computing (Springer), vendégszerkeszts, (2025-)
https://link.springer.com/journal /10791 /editorial-board

e Joint Special Issue on Cognitive Infocommunications and Cognitive
Aspects of Virtual Reality kiilonszam vendégszerkesztGje, Infocommu-
nications Journal (2024)
https://www.infocommunications.hu/en/special-issue

e Emerging Technologies of Human-Computer Interaction kiilénszam
vendégszerkesztGje, Applied Sciences (2024-)
https://www.mdpi.com/journal /applsci/special _issues/627T226B9S

e Artificial Intelligence Applications for Industry 4.0 kiillonszam vendég-
szerkesztGje, Sustainability (2022-2023)
https://www.mdpi.com /journal /sustainability /special _issues/DX549NE43W

e Software and Hardware Aspects of Human-Computer Interaction
kiilonszam vendégszerkesztdje, Electronics (2021-2022)
https://www.mdpi.com/journal /electronics/special _issues/HCI _electronics

Konyvek:

e From Pixels to Play — The Art and Science of Video Games (IntechO-
pen, 2026)
https://www.intechopen.com/books/1004656

e Game Theory — Computational Aspects and Applications (IntechOpen,
2025)
https://www.intechopen.com/books/1003417

e Level Up! Exploring Gamification’s Impact on Research and Innovation
(IntechOpen, 2024)
https://www.intechopen.com/books /1003441

Absztraktkotetek:

e WSPS 12 — Winter School of PhD Students in Informatics and Mathe-
matics (2026)
https://www.doszmito.hu/wsps-12/
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e WSPS 11 — Winter School of PhD Students in Informatics and Mathe-
matics (2025)
https://www.doszmito.hu/wsps-11/

e WSPS X — Winter School of PhD Students in Informatics and Mathe-
matics (2024)
https://www.doszmito.hu/wsps-x/

e II. PE ZEK E-sport Szakmai Napok kiadvany (2023)
https://zek.uni-pannon.hu/hu /hirek-es-esemenyek-2 /kollegiumi-
napok-2025.html?view=article&id=732:e-sport-szakmai-
napok&catid=23
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Konferenciaszervezés

17th IEEE International Conference on Cognitive Infocommunications
(CoglnfoCom 2026) — szervezdbizottsagi / programbizottsagi tag
https://scitope.com/coginfocom?26/7page id=32

16th IEEE International Conference on Cognitive Infocommunications
(CoglnfoCom 2025) — szervezdbizottsagi / programbizottsagi tag
https://scitope.com/coginfocom?25/7?page id=32

15th IEEE International Conference on Cognitive Infocommunications
(CoglnfoCom 2024) — szervezdbizottsagi / programbizottsagi tag
https://scitope.com/coginfocom24/7page id=32

Applied Information Science Conference (AINF 2023) — programbi-
zottsagi tag

https://www.uniduna.hu/2-uncategorised /3217-

applied information science

2nd IEEE International Conference on Cognitive Aspects of Virtual
Reality (CVR 2023) — szervezdbizottsagi részvétel
https://scitope.com/cvr23/

I1. PE ZEK E-sport Szakmai Napok 2023 — tarsszervezd
https://zek.uni-pannon.hu/hu/hirek-es-esemenyek-2 /kollegiumi-
napok-2025.html?view=article&id=732:e-sport-szakmai-
napok&catid=23

14th IEEE International Conference on Cognitive Infocommunications
(CoglnfoCom 2023) — szervezdébizottsagi / programbizottsagi tag
https://scitope.com/coginfocom23/

13th IEEE International Conference on Cognitive Infocommunications
(CoglnfoCom 2022) — szervezdbizottsagi / programbizottsagi tag
https://scitope.com/coginfocom22/

1st IEEE International Conference on Internet of Digital Reality (IOD
2022) — szervez@bizottsagi részvétel
https://scitope.com /iod22/

7th Winter School of PhD Students in Informatics and Mathematics
(WSPS 7) — szervezésben valo kozremiikodés
https://www.doszmito.hu/wsps-7/
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https://scitope.com/iod22/
https://www.doszmito.hu/wsps-7/

Dijak, elismerések
e A VEAB Kiemelkeds Ifju Kutatoja (2025)
e Dékani dicséret a Karon végzett kimagaslo tevékenységeért (2024)
e IEEE szekciovezetdi dij (2023)

e "Multimédia az oktatasban" konferencia: A szekcié legjobb publikéci-
6ja dij (2023)
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CHMi
a Rannon Egyetem

CMilsaaki Shformatikai Kardnak
dékanya és Kan' Candesa
PBr. Gusshinecs Tibor
résaére
a Karon végaett kimeagasl levékenységéert a

,Bekani dicseret”
kitimtelést adomanyozauk

Kt Vesaprémben, 202% év jilius honap 3. napjién

/
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OKLEVEL

annak tanGsitasaul,
hogy a 2023. évi
»Multimédia az oktatasban" konferenciin a
Mesterséges Intelligencia az oktatasban / Artificial Intelligence in Education

szekcibban

Sikné Dr. Lanyi Cecilia - Dr. Guzsvinecz Tibor - Talas Martin - Halmosi Bence
-Szabo Patricia - Dr. Haneklaus Nils

Jatékra fel! Virtualis Valosag alapu ,,Negotiation Game”

cimmel

a szekcio legjobb publikacidja dijat

kapta
A Neumann Janos Szamito: 6p-tudomanyi Tarsasag, A Neumann Janos Szamitégép-tudomanyi Tarsasag,
Multimédia az Oktgtasb; /Sgb@sz lya_nevében Multimédia az Oktatasban Szakosztaly, Dijbizottsaga nevében
i ’/ /7 i ///—’&L_/—
ly4é I ;a/ / Dr. Kozma-Bognar Veronika
1 dijbizottsag elndk

|
XXIX. Multimédia az oktatasban konferencia, Szeged; 2023: julius 6-7.
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Tovabbi tudoméanyos profilok

4/14/26, 11:54 PM

Scientometrics of I-!ungarian researchers

Scientometrics of Hungarian researchers

Data source: |OpenAlex| |Scopus

Measurement of contemporary publication performance, unbiased by career length, discipline, and authorship roles

Step 1: add researcher

Researchers:

Guzsvinecz Tibor (Informatikai
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Step 2: select discipline
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Scientometrics of Hungarian researchers

Guzsvinecz Tibor

Publication rank in Hungary: D1 (better than 99%) in Engineering Sciences

The publication output is ranked across researchers within the same scientific section using the
"total score" value into deciles between D1 and D10, where D1 is the best.

Context sensitive links
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4/14/26, 11:59 PM
]

Tibor Guzsvinecz

associate professor,
University of Pannonia

data science

games research

HCI

spatial ability
virtual-augmented reality

Cim

Tibor Guzsvinecz - Google Tudds

Osszes 2021 6ta

Hivatkozasok 774 660

h-index 15 13

i10-index 20 18
11 cikk 22 cikk
nem érheté el elérhetd

Finanszirozasi megbizasok

alapjan

HIVATKOZOTT RA

Suitability of the Kinect sensor and Leap Motion controller—A 175

literature review
T Guzsvinecz, V Szucs, C Sik-Lanyi
Sensors 19 (5), 1072

Length and sentiment analysis of reviews about top-level video 57

game genres on the steam platform
T Guzsvinecz, J Szlics
Computers in Human Behavior 149, 107955

Analyzing the Spatial Skills of University Students with a Virtual 50
Reality Application using a Desktop Display and the Gear VR

T Guzsvinecz, E Orban-Mihalykd, E Perge, C Sik-Lanyi

Acta Polytechnica Hungarica 17 (2), 35-56

The correlation between positive reviews, playtime, design and 39
game mechanics in souls-like role-playing video games

T Guzsvinecz

Multimedia Tools and Applications 82 (3), 4641-4670

How to Develop Serious Games for Social and Cognitive 38

Competence of Children with Learning Difficulties
KVI Cecilia Sik-Lanyi, Veronika Szucs, Shervin Shirmohammmadi, Petya

Grudeva ...
Acta Polytechnica Hungarica 16 (6), 149-169

Investigation of spatial ability test completion times in virtual reality 33

using a desktop display and the Gear VR

T Guzsvinecz, E Orban-Mihalyko, C Sik-Lanyi, E Perge

Virtual Reality 26, 601-614

Identification of markers in challenging conditions for people with 26
visual impairment using convolutional neural network

M Elgendy, T Guzsvinecz, C Sik-Lanyi
Applied Sciences 9 (23), 5110

Indoor navigation for people with visual impairment using 24

augmented reality markers
M Elgendy, M Herperger, T Guzsvinecz, CS Lanyi

1

2019 10th IEEE International Conference on Cognitive Inf?)%ommunications

The Effect of Engineering Education, on Spatial Ability, in Virtual 22

Environments

T Guzsvinecz, E Orban-Mihalyko, E Perge, C Sik-Lanyi

https://scholar.google.com/citations?user=03Sg_PgAAAAJ&hI=hu

EV

2019

2023

2020

2023

2019

2022

2019

2019

2023
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4/14/26, 11:59 PM Tibor Guzsvinecz - Google Tudds

Cim HIVATKOZOTT RA EV
Acta Polytechnica Hungarica 20 (5), 11-30

An inclusive framework for automated web content accessibility 21 2025

evaluation
J Ara, C Sik-Lanyi, A Kelemen, T Guzsvinecz
Universal access in the information society 24 (2), 1581-1607

Technologies designed to assist individuals with cognitive 20 2023
impairments

P Szabo, J Ara, B Halmosi, C Sik-Lanyi, T Guzsvinecz

Sustainability 15 (18), 13490

Movement pattern recognition in physical rehabilitation-cognitive 17 2020

motivation-based IT method and algorithms
V Szics, T Guzsvinecz, A Magyar
Acta Polytechnica Hungarica 17 (2), 211-235

Developing a virtual reality application for the improvement of 17 2018
depth perception

T Guzsvinecz, C Kovacs, D Reich, V Szucs, C Sik-Lanyi

2018 9th IEEE International Conference on Cognitive Infocommunications ...

Preparing spatial ability tests in a virtual reality application 16 2019
T Guzsvinecz, M Szeles, E Perge, C Sik-Lanyi
2019 10th IEEE International Conference on Cognitive Infocommunications ...

Examining the results of virtual reality-based egocentric distance 15 2023
estimation tests based on immersion level

T Guzsvinecz, E Perge, J Szlics
Sensors 23 (6), 3138

The influence of display parameters and display devices over 15 2020

spatial ability test answers in virtual reality environments
T Guzsvinecz, C Sik-Lanyi, E Orban-Mihalyko, E Perge
Applied Sciences 10 (2), 526

The Soulsification of video games 13 2025
T Guzsvinecz
Multimedia Tools and Applications 84 (15), 14827-14853

Improved algorithms for movement pattern recognition and 12 2019

classification in physical rehabilitation
V Szics, T Guzsvinecz, A Magyar
2019 10th IEEE International Conference on Cognitive Infocommunications ...

Video game accessibility in the top-level genres 1 2025
T Guzsvinecz
Universal Access in the Information Society 24 (2), 1479-1494

Using analytics to identify when course materials are accessed 10 2021

relative to online exams during digital education
T Guzsvinecz, J Szlics
Education Sciences 11 (10), 576 134

Analyzing accurate egocentric distance estimates of university 8 2023
students in virtual environments with a desktop display and Gear
VR display

https://scholar.google.com/citations?user=03Sg_PgAAAAJ&hI=hu 2/10
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CiM HIVATKOZOTT RA EV

T Guzsvinecz, E Perge, J Sziics
Electronics 12 (10), 2253

Sentiment Analysis of Souls-like Role-Playing Video Game 8 2023

Reviews
T Guzsvinecz
Acta Polytechnica Hungarica 20 (5), 149-168

The effects of display parameters and devices on spatial ability test 7 2022
times

T Guzsvinecz, E Orban-Mihalyko, C Sik-Lanyi, E Perge

Applied Sciences 12 (3), 1312

The phosphorus negotiation game (P-Game): first evaluation of a 6 2025
serious game to support science-policy decision making played in

more than 20 countries worldwide
N Haneklaus, M Kaggwa, J Misihairabgwi, S Abu EI-Magd, N Ahmadi, ...
Discover sustainability 6 (1), 1

Textual Analysis of Virtual Reality Game Reviews 6 2024
T Guzsvinecz, J Szlics
Infocommunications Journal 16 (Spec i), 84-91

Development of a negotiation-based serious game in virtual reality 6 2022

to help teach responsible consumption and production
L Gyetvai, BV Lovas, M Kiss, M Talas, B Halmosi, J Ara, C Sik-Lanyji, ...
2022 1st IEEE International Conference on Cognitive Aspects of Virtual ...

Implementation of the heinrich spatial visualization test in a virtual 6 2021

environment
T Guzsvinecz, C Sik-Lanyi, E Orban-Mihalyko, E Perge

Designing gamified virtual reality applications with sensors—A 6 2019

gamification study

T Guzsvinecz, V Szucs, C Sik-Lanyi

Pannonian Conference on Advances in Information Technology (PCIT 2019),
105-112

Usability and colour-check of a healthcare WEB-site 6 2017
C Sik-Lanyi, V Szlcs, T Guzsvinecz
2017 IEEE 30th Neumann Colloquium (NC), 000111-000116

Android-based daily routine organizing application for elementary 6 2017

school students living with ASD
EA Barta, T Guzsvinecz, C Sik Lanyi, V Szucs
Harnessing the Power of Technology to Improve Lives, 283-290

Developing movement recognition application with the use of 6 2015

Shimmer sensor and Microsoft Kinect sensor
T Guzsvinecz, V Szucs, C Sik Lanyi
Assistive Technology, 767-772

Virtual reality in skill development through userlé)’)?perience and 4 2025

technology advancements
MHH Ichsan, C Sik-Lanyi, T Guzsvinecz
Discover Computing 28 (1), 171

https://scholar.google.com/citations?user=03Sg_PgAAAAJ&hI=hu 3/10
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CiM HIVATKOZOTT RA EV

Investigation of sentiments in virtual reality game reviews 4 2024
T Guzsvinecz, J Szlics
2024 |EEE 15th International Conference on Cognitive Infocommunications ...

The accuracy of the k-nearest neighbors and k-means algorithms 4 2024

in gesture identification

T Guzsvinecz, J Szlics, V Szlics, R Demeter, J Katona, A Kévari
INFOCOMMUNICATIONS JOURNAL: A PUBLICATION OF THE SCIENTIFIC
ASSOCIATION FOR ...

Brain computer interfaces in computer science and engineering 4 2023

areas: a systematic study
J Katona, A Kovari, T Guzsvinecz, J Szlics, R Demeter, V Szlics
Indonesian Journal of Electrical Engineering and Computer Science 32 (3 ...

The Cognitive Motivation-based APBMR Algorithm in Physical 4 2023

Rehabilitation
T Guzsvinecz, V Szics, A Magyar
ACTA POLYTECHNICA HUNGARICA 20 (5), 41-60

How Banks Were Chosen and Rated in Hungary before and during 4 2022
the COVID-19 Pandemic

D Szili, T Guzsvinecz, J Szlcs
Sustainability 14 (11), 6720

Preliminary results of evaluating a prediction-based algorithm for 4 2020

movement pattern recognition and classification
T Guzsvinecz, V Szucs, A Magyar
2020 11th IEEE International Conference on Cognitive Infocommunications ...

Exploring measurement tools for color perception in virtual reality: 3 2025

A systematic review

H Namrouti, C Sik-Lanyi, T Guzsvinecz
Displays 87, 102937

Game Theory and Strategic Decision-Making in the Dark Souls 3 2025

Games

T Guzsvinecz, J Szlics

Game Theory-Computational Aspects and Applications: Computational
Aspects ...

Towards Understanding Player Experience between Classic and 3 2024

Unfair 2D Platform Video Games

T Csali, J Szlics, T Guzsvinecz
2024 |IEEE 15th International Conference on Cognitive Infocommunications ...

Analyzing the Bibliometric Trends in Gamification Research Using 3 2024

the Bibliometrix R-Tool
T Guzsvinecz, A Szelinger
Level Up! Exploring Gamification's Impact on Research and Innovation, 1

Development of a virtual environment that contaits multiple 3 2024
browsers to explore the learning experience of students with

cognitive disabilities

MHH Ichsan, C Sik-Lanyi, T Guzsvinecz

https://scholar.google.com/citations?user=03Sg_PgAAAAJ&hI=hu 4/10
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Cim HIVATKOZOTT RA EV
International Conference on Computers Helping People with Special Needs,

186-192

An Overview of Received Results on MRT, MCT, and PSVT Spatial 3 2022

Ability Tests in Virtual Environments
T Guzsvinecz, E Orban-Mihalyko, C Sik-Lanyi, E Perge
2022 IEEE 1st International Conference on Internet of Digital Reality (loD ...

A brief review on the challenges of Internet of Things and their 3 2019

solutions

T Guzsvinecz, T Medvegy, V Szucs

Pannonian Conference on Advances in Information Technology (PCIT 2019),
181-186

Creation of Digital Twins using Spatial Artificial Intelligence-A Pilot 2 2025
Study

J Szlics, T Guzsvinecz

Navigation Design to Improve Interaction Technique in Multi- 2 2024

Browser Virtual Environment
MHH Ichsan, C Sik-Lanyi, T Guzsvinecz
2024 |EEE 15th International Conference on Cognitive Infocommunications ...

Examination of accurate exocentric distance estimates in a virtual 2 2024

environment using a desktop display and the Gear VR
T Guzsvinecz, J Szlics, E Perge
Electronics 13 (8), 1536

Assessing memory colors of university students 2 2024
C Sik-Lanyi, B Halmosi, J Ara, J Szlics, T Guzsvinecz
Infocommunications Journal 16 (Specia), 22-29

The Virtual Reality Sound-based Spatial Orientation Project 2 2021
T Guzsvinecz, M Szabo, B Halmosi, C Sik-Lanyi
Proceedings of the 12th IEEE International Conference on Cognitive ...

Presenting the user's focus in needs & development (UFIND) 2 2020
method and its comparison to other design methods

V Szucs, C Sik-Lanyi, T Guzsvinecz

2020 11th IEEE International Conference on Cognitive Infocommunications ...

" Sliders" Android Game—Improving Logical Skills of People with 2 2017
Disabilities

T Guzsvinecz, D Koszegi-Vigh, V Szucs, C Sik-Lanyi

Harnessing the Power of Technology to Improve Lives, 279-282

Development of Mathematical Skills Developing Game Software. 2 2017
G Hajdics, T Guzsvinecz, V Szucs, C Sik Lanyi
Studies in Health Technology and Informatics 242, 1005-1008

Topic Modeling of Positive and Negative Reviews of Soulslike 1 2025
Video Games

T Guzsvinecz 137

Computers 14 (8), 339

Pathways to Mastery: A Taxonomy of Player Progression Systems 1 2025

in Commercial Video Games
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1. Bevezetés

A jelen habilitacios tézisfiizetben bemutatott kutatdasomban a digitalis felhasz-
naloi élmeényt (user experience, UX) és a jatékélmeényt (player experience, PX)
olyan komplex ember-szamitégép interakcios rendszerként értelmezem, amely
egy tobbrétegi modellben irhaté le. Ahelyett, hogy a digitalis kornyezeteket és
jatékokat csak kulturalis vagy szorakoztatd termékként vizsgalnam, interaktiv
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informaciés rendszerekként kezelem Gket. Ebben a modellben a felhasznalo,
illetve jatékos a rendszer szerves részévé valik, nem csupan passziv megfigyels.
A jatékmotor ingereket szolgéltat, a jatékos ezeket érzékeli és reagal rajuk, a
reakcidkat pedig a program logikdja értelmezi. Informatikai szempontbdl ez az
interakci6 egy visszacsatolds-orientalt rendszerként irhato le, amely Osszekoti az
emberi észlelést és a szoftverarchitektirat.

Az UX és PX tehat egy integralt interakcios rendszer eredményeként kezel-
het6. Az immerziot, az akadalymentesitést, a jatékmechanikdkat és az érzelmi
kifejezést nem kiilonallo kutatési teriiletekként, hanem egy kézos modellen beliil
vizsgalom. Megkozelitésem formalis modellezést és adatelemzést 6tvoz, hogy
jobban megértsiik, hogyan hatnak egyméasra ezek az elemek. Az altalam javasolt
modell harom elkiil6niils, de szorosan Osszekapcsol6do rétegre épiil:

1. Perceptualis-kognitiv réteg: Ebben a rétegben azt vizsgalom, hogy
az immerziv technolégidk hogyan befolyasoljak az észlelést és a kognitiv
feldolgozast — hogyan alakul a térbeli tudatossag, az érzékszervek Gsszehan-
golt miikodése és a felhasznaldi viselkedés, amikor az interakcio digitalis
kornyezetben zajlik.

2. Részvételi feltételek és korlatok rétege: Ebben a rétegben azt targya-
lom, mi korlatozza az alkalmazasok hasznalatat. Fiziologiai tényezék, mint
a kiberbetegség, valamint az akadalymentesitéssel kapcsolatos tervezési
dontések olyan elemekként jelennek meg, amelyek meghatarozzak, ki és
milyen feltételek mellett tud hasznalni egy adott digitalis kbrnyezetet.

3. Strukturalis-affektiv réteg: Ebben a rétegben arra helyez6dik a hang-
suly, hogy a jatékmenet szerkezete és a szabalystrukturak hogyan kapcso-
lodnak az érzelmi kifejezés mintazataihoz. A nagymintas jatékosvissza-
jelzésben megfigyelhetd érzelmi valaszokat az interakciotervezés, a miifaji
jellemzsk és a jatéktervezési tendencidk Osszefiiggésében értelmezem.

A harom réteg egyiitt egy olyan egységes keretet ad, amelyben a felhasznaloi-
és a jatékélményt kiilonb6z6 szinteken értelmezem. A legkdzvetlenebb szinten
az észlelés hatarozza meg, hogyan érzékeljiik és értelmezziik az interakciot. A
kovetkez6 szinten az hatarozza meg az élményt, hogy a felhasznélok mennyire
tudjak korlatozo tényezdék nélkiil, megfelel6 médon hasznalni a rendszert, amit
a tervezési dontések alapvetSen befolyasolnak. A legatfogébb szinten a jaték-
menet szerkezete és a miifaji jellemzdk jarulnak hozza a jatékos-diskurzusban
megfigyelhetd visszatérs érzelmi és értékel6 mintazatokhoz.

1.1. Perceptualis-kognitiv alapok

Az interakci6 legkozvetlenebb szintjén az immerziv digitalis kornyezetek megha-
tarozzak, hogyan jelenik meg és miként észlelhets az érzékszervi informacié. Az
immerziv virtualis kérnyezetek (immersive virtual environments, IVE-k) befo-
lyasoljak a térbeli ingerek feldolgozasat, a test térbeli helyzetének érzékelését,
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valamint a vizudlis és auditiv informéciok Gsszehangoldsat. Ennek kovetkez-
tében az észlelés ezekben a kornyezetekben lényegesen eltér a hagyomanyos,
képernyGalapi interakciotol.

A habilitacios tézisfiizetemben bemutatott eredményeim azt mutatjak, hogy
az immerzi6 és a felhasznalok tulajdonsagai egytittesen befolyasoljik az egocentri-
kus és exocentrikus tavolsagbecslést, valamint a hanglokalizéaciot is [GT1-GT15].
Ezek a kiilénbségek nem csupan a kijelz6 minségébdl vagy a grafikai részletes-
ségbdl fakadnak. Maga az észlelés is megvaltozik attol fiiggden, hogyan érkezik
és hogyan keriil feldolgozasra az érzékszervi informéacio.

Informatikai szempontbol az immerziv rendszerek megvéltoztatjak az ember-
szamitogép interakcid feltételeit. Ahogyan a szoftver az informaciot elallitja
és megjeleniti, az befolydsolja, hogyan értelmezi azt a felhasznélé és hogyan
reagal ra. Az UX és PX igy mar az észlelés szintjén formalodik, még miel6tt a
jatékmechanikak vagy a narrativ elemek barmilyen érzelmi hatéast fejtenének ki.

1.2. Reészvételi feltételek és korlatok digitalis kornyezetek-
ben

Az interaktiv rendszerekben a korlatok meghatarozzak, hogy a felhasznalok
hogyan és mennyire tudjak hasznalni a rendszert. Digitalis kornyezetekben
ezek a korlatok két oldalrol formalodnak: a felhasznalok adottsidgaibol és a
szoftvertervezési dontésekbdl.

Ennek egyik kiemelt példaja a kiberbetegség az immerziv virtuélis kornyeze-
tekben. T6bb mint egymillié felhasznélo altal irt értékelés elemzése azt mutatja,
hogy a mozgassal kapcsolatos diszkomfort nem ritka vagy elhanyagolhat6 panasz,
hanem a virtualis valosag (virtual reality, VR) élmények visszatérs és jol azono-
sithato jellemzGje [GT16]. Az ilyen hatasok befolyasoljak, hogy a felhasznalok
mennyi ideig és mennyire kényelmesen tudnak egy rendszerrel interakciéba lépni,
és ezért gyakorlati kovetkezményeik vannak az IVE-k tervezésére nézve.

A fizioloégiai tényez6k mellett az akadalymentességi megoldasok is meghatéro-
70 szerepet jatszanak abban, hogy a felhasznalok mennyire tudjak hasznalni a
digitalis kornyezeteket. Az akadalymentesitési funkciok nem egységesen keriilnek
implementalasra a jatékokban, szamuk sem né feltétleniil az id§ elérehaladtaval.
Jelenlétiik és kidolgozottsidguk szorosan kapcsolodik a miifaji jellemz6khoz és a
jatékmodokhoz — ez kiilonosen igaz tobbjatékos kornyezetekben. Mindez arra
utal, hogy az akadalymentesség a jatékok tervezésének szerves része, nem pedig
egy utolagos kiegészités [GT1T].

Az eredményeim azt mutatjak, hogy a rendszer hasznalhatosaga a felhasznalok
adottsigai, esetleges korlataik és a tervezési dontések egyiittes hatasabol fakad. A
hasznalhatosag tehat nem tekinthets a rendszer 6nélld tulajdonsaganak, hanem
dinamikusan alakul attél fiigg&en, hogy a felhasznélok képességei és a tervezési
megoldasok hogyan illeszkednek egyméashoz.
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1.3. Strukturalis-affektiv dinamikak és modellezés

Az UX és PX nemcsak kontrollalt kisérleti koriilmények kozott tanulmanyozha-
t6, hanem nagymintés széveges adatokban is. T6bb tizmilli6 Steam-értékelés
elemzése azt mutatja, hogy a jatékosok érzelmi kifejezésmodja felismerhetd min-
tazatokat kovet, amelyek nem magyardzhatok pusztan azzal, hogy a jatékosok
kiilénboznek egyméstol. Ezek a mintazatok szorosan kapcsolédnak magahoz a
jatéktervezéshez. Harom 6sszekapcsoldodo szint kiilonithetd el.

Egyrészt a fels6 szintd mifajok (top-level genres, TLG-k) tagabb keretet
adnak a jatékoknak. Ezek eltérnek abban, hogyan épiil fel a jatékmenet, mennyire
gyors, milyen az interakcié magaval a jatékkal, illetve hogyan bontakozik ki a
torténet. Millibnyi szdveges értékelés alapjan a TLG-k kiilonbdéznek egymaéstol az
érzelmi valencia, az értékelés hossza, az értékelésig eltelt jatékids és az érzelem-
Osszetétel tekintetében [GT18]. Masrészt a jatékkal valo interakcios modok
(player engagement modes, PEM-ek) — mint az egyjatékos, kooperativ vagy
tobbjatékos formatumok — mezo-strukturalis szinten miikédnek. Mig a TLG-
k tartalomalapu osztalyozast adnak, a PEM-ek az interakcié6 modjat irjak le.
Meghatarozzak, hogyan viszonyulnak a jatékosok a rendszerhez és egymashoz.
Ez hatassal van arra is, hogy mit és hogyan irnak le az élményrél, hogyan mesélik
el azt, és mikor sziiletnek az értékelések [GT19]. Harmadrészt, a specifikus
tervezési paradigmak és almiifajok mikro-strukturalis szinten miikodnek. Ide
tartoznak példaul a komoly kockéazattal jaro, készségre épits jatékelemek (mint
a Soulslike mechanikék), az immerziv VR-jatékok, a térbeli bizonytalansagra
épit6 megoldéasok (liminalis tereket tartalmazéd jatékok), vagy a versengésre
épiils jatékok (e-sport). Ezek befolyéasoljak, mennyire nehéz egy jaték, milyen
a jatékbeli megtestesiilés élménye, milyen a jatékosok kozotti fesziiltség, és
hogyan miikodik a jatékosok jutalmazasa. Ezek a paradigmak jellegzetesek,
ugyanakkor stabil affektiv mintazatokat generalnak jatékok kozott és az idé
mulasaval [GT20-GT29].

Ezek az eredmények arra utalnak, hogy a jatékosok érzelmi kifejezésmodjat
tobbféle strukturalis tényez6 alakitja egyszerre. Az érzelmek tehat nem véletlen-
szerden jelennek meg az értékelésekben, hanem annak eredményeként, ahogyan
a szabalyrendszerek, az interakcios modok és a fejl6ds tervezési gyakorlatok
forméljak az élményt. Ez a szemlélet Osszekoti az észleléssel és a részvétellel
kapcsolatos alacsonyabb szintid folyamatokat a jatékos-diskurzusban megfigyelhe-
t6 magasabb szint mintazatokkal. Erre az elgondolasra alapozva a kovetkezs
alfejezetben mutatom be a tobbrétegii modellt.

1.4. A felhasznaléi és jatékélmény javasolt modellje

A fent leirt rétegek egy strukturalt rendszert alkotnak, amelyben minden szint
befolyésolja a kovetkezot. A legkdzvetlenebb szinten az észlelés hatarozza meg,
hogyan érzékeljiik és értelmezziik az interakciot. A fiziologiai tényezdk és az aka-
dalymentesitési szempontok befolyédsoljak, hogy a felhasznalok mennyire tudjak
a rendszert megfelel6en hasznalni. A legatfogdbb szinten pedig a jatékmenet
szerkezete — a TLG-k, a jatékmodok és a konkrét jatékmechanikidk — alakitja a
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visszatérs érzelmi és értékelési mintazatokat.

Ebben a habilitacios tézisfiizetben azt allitom, hogy a felhasznaldi- és a
jatékélmény ezeknek a rétegeknek a kolcsénhatasabol jon létre. A digitalis
kornyezeteket ezért nem pusztan technikai megoldasokként értelmezem, hanem
olyan ember-szamitogép modellként, amelyben a kdrnyezet észlelése, a hasznalat
és a tervezés szorosan Osszefonodik. Bar az elemzéseim egyértelmi és stabil
tendenciakat tarnak fel, a rendszer nem determinisztikus: a felhasznalok tulaj-
donséagai és a szituacios tényezdk tovabbra is valtozatossdgot eredményeznek. Ez
a tobbrétegi megkozelités adja az alapjat a kdvetkez6 fejezetekben bemutatott
téziseknek.

1.5. A tézisfiizet felépitése

A kovetkez6 fejezetek az itt bemutatott modell alapjan megfogalmazott habili-
tacios téziseket mutatjak be. A fent emlitett harom réteg mindegyike egy-egy
téziscsoportot és egyben egy-egy fejezetet alkot. Ennek megfelelGen a 2. fejezet
az 1. téziscsoportot, a 3. fejezet a 2. téziscsoportot, a 4. fejezet pedig a 3.
téziscsoportot mutatja be. Végiil az 5. fejezet tartalmazza a révid diszkussziot
és a kovetkeztetéseket. Megjegyzendd, hogy minden téziscsoporton beliil egy-egy
alfejezet felel meg egy-egy tézisnek.

1.6. Statisztikai jelolések

Minden statisztikai valtozo és érték az American Psychological Association kézi-
konyvében (7. kiadas) leirt konvenciok szerint keriil kozlésre [1]. A tézistiizetben
tovabbéa a kovetkezd statisztikai réviditések szerepelnek:

o Atlag (M),

e Szoras (SD),

e Median (Mdn),

e Standard hiba (SE),

e Konfidenciaintervallum (C1T),

e Mintaelemszam (N a résztvevokre, R az értékelésekre),
e Valoszintség (P),

e Szignifikanciaszint (p),

o Korrelacios egyiitthato (r),

e Spearman-féle rangkorrelacios egytitthato (ry),
e Pontbiszerialis korrelacios egyiitthato (rps),

e Nem standardizalt regresszios egyiitthato (b),
152



t-statisztika (),

F-statisztika (F)),

Mann—Whitney-féle U-statisztika (U),

Wilcoxon-proba statisztikaja (W),

Cramér-féle V' (V),

Likelihood-arany statisztika (G),

Khi-négyzet statisztika (y?),

Varianciaanalizis (ANOVA).

2. Els6 téziscsoport: Perceptualis-kognitiv réteg

2.1. Az immerzi6 és az emberi tulajdonsagok hatasa a ta-
volsagbecslésre virtualis kornyezetekben

Hattérirodalom és kapcsolédé munkak

A méréseket egy Unityben fejlesztett virtualis kornyezetben végeztem. A vir-
tualis szoba 12m x 12m méretd volt, minimalis kdrnyezeti jelzésekkel, hogy a
becsléseket ne befolyasoljak a lathato kornyezeti elemek. A virtualis kdrnyezetnek
két valtozata késziilt el: egy asztali verzio (billentytizet- és egérvezérléssel) és egy
immerziv verzi6 a Gear VR fejre helyezhet6 kijelz6hoz (head-mounted display,
HMD). A résztvevik a virtualis szoba kozepén helyezkedtek el, és nem mozoghat-
tak szabadon; csak a fej, illetve a kamera forgatasa volt engedélyezett. A virtualis
kamera magassagat minden résztvevé valos testmagassdgahoz igazitottam. Az
objektumtipusokat (kockak, hengerek, gombok) véletlenszertien valtoztattam,
hogy az objektum alakja ne befolyasolja a becslések pontossagat.

Felhasznalt modszertan

A minta N = 229 résztvevobdl allt, akik kozil 157 (Mo, = 19,80, S Do = 2,09)
az asztali kijelz6t, 72 (Myor = 22,51, SDgor = 6,63) pedig a Gear VR HMD-t
hasznalta. A férfiak koziil 128-an az asztali kijelz6t, 49-en a Gear VR HMD-t
hasznaltak. A ndék esetében 29-en, illetve 23-an hasznaltak e két eszk6zt. A méré-
sek soran az immerzi6 szintje volt az elsGdlegesen vizsgalt tényezs. Egocentrikus
tavolsagbecslés esetén a céltargyak 25 cm és 160 cm kozotti tavolsagokra keriiltek
elhelyezésre, 15 cm-es 1épéskdzokkel. Minden tavolsig kétszer jelent meg: egyszer
virtudlis mérsskalaval, egyszer anélkiil. Exocentrikus tavolsagbecslés soran két
objektum keriilt a résztvevd elé, a koztiik 1évE tavolsdg 60 cm és 150 cm kozott
valtozott, 10 cm-es 1épéskozokkel. A résztvevSk centiméterben adtak meg a
becsléseiket; a valaszid6t milliszekundumban régzitettem, majd masodpercre
konvertaltam.
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Legyen i a résztvevs indexe és j a mérési proba indexe. Jelolje d; a j-edik
mérési probaban 1év6 valos tévolsagot, d;; pedig az i-edik résztvevé altal adott
becslést. A relativ becslési hiba az (1). egyenlet szerint definialhato.

€ij = T (1)
]

Egy becslést akkor tekintettem pontosnak, ha a relativ becslési hiba abszolit
értéke nem haladja meg a 10%-ot. A pontossagi indikator Y;; € {0,1}, ahol az 1
pontos becslést jelent, a (2). egyenletben lathato.

<
Yi-:{l ha [e;;| < 0,10, -

0 kiilonben.

A pontos becslés valoszintiségét logisztikus regresszioval modelleztem [2]. A
logit formula a (3). egyenletben lathato.

logit(p) = log <1fp> : (3)

A pontos becslés valoszintiségét a (4). egyenletben lathato logisztikus reg-
resszioval modelleztem.

logit(P(Yi; = 1)) = Bo + Bile + B2Gi + B3 D; + BaH; + Bs Wi + B6 Vi + Brd;, (4)
ahol
o YV, az i-edik résztvevs pontossagi indikitora a j-edik mérési probéban,

o I, € {0,1} a c megjelenitd eszkozhoz tartozd immerzios szint,

e (G; a résztvevs neme,

e D; a résztvevé dominéans keze,

e H; a résztvevl testmagassiga,

e W, a résztvevs heti jatékérainak szama,

o V, a résztvevs kordbbi VR-tapasztalata,

e d; a j-edik mérési probaban 1év6 valds tavolsag,

Bo, . .., b7 regresszios egyiitthatok.

Bar a (4). egyenletet additiv forméaban irtam fel, az interakcios tényezdket
tartalmazo bévitett modelleket is becsiiltem, hogy feltarjam, mely tényezk befo-
lyasoljak az immerzié hatasanak erésségét és iranyat. Ez a modszer lehetévé teszi,
hogy az immerzioét ne csupan additiv prediktorként, hanem olyan tényezéként
értelmezzem, amelynek hatasa mas valtozok fliggvényében valtozik.

154



A becslési 1d6 (T;,;) modellezése linearis regresszioval tortént, az (5). egyen-
letben lathat6 modon.

Tij =ag+ai1l, + axG; +as3D; + asH; + asW; + agV; + Oé7dj + €45, (5)

ahol T;; az i-edik résztvevs vélaszidejét jeloli a j-edik mérési probaban, ag, ..., o7
regresszios egyiitthatok, €;; pedig a rezidualis tényez6. A tobbi valtozot mar
fentebb definialtam.

Megjelent egocentrikus és exocentrikus mintazatok

Az eredmények azt mutatjak, hogy az immerzi6 szintje hatéassal volt a tavol-
sagbecslések pontossagira. Egocentrikus tavolsagok esetén a Gear VR HMD-t
hasznal6 résztvevdk alulbecsiilték a tavolsdgokat megkozelitsleg 40 cm és 130 cm
kozott, mig az asztali kijelz6t hasznalok pontosabb vagy enyhén feliilbecsiilt
eredményeket adtak a nagyobb tavolsagoknal (130-160 cm). A becslési idsk
szignifikdnsan révidebbek voltak HMD hasznalatakor, a csokkenés 35% és 57%
kozott mozgott a tavolsag fiiggvényében. Exocentrikus tévolsédgok esetén viszont
a Gear VR HMD hasznélata csokkentette a pontos becslés valoszintiségét az
asztali kijelz6hoz képest. A pontossagi valdszintiség csokkenése a tavolsagtol
fiiggen 11,86% és 17,08% kozott valtozott.

Az immerzié hatésa kiillonbo6zott a résztvevsk kozott. A nem és a heti jaték-
orak szdma szignifikinsan hatott a pontossagra. Rovidebb tavolsagoknal (60 cm
és 70 cm) a férfi résztvevsk 80,35%-kal, illetve 90,65%-kal nagyobb valoszintséggel
adtak pontos becslést. Nagyobb tavolsagoknal (110 cm és 120 cm) a heti 34 orat
jatszo résztvevk 83,49%-kal és 92,00%-kal nagyobb valoszintiséggel becsiiltek
pontosan. Ezzel szemben egyes csoportok alacsonyabb pontossidgot mutattak. A
nem jatszokhoz képest a heti 11-19 orat jatszo résztvevisk 65,94%-kal kisebb valo-
szintiséggel becsiiltek pontosan 40 cm-nél. A heti 1-2 6rat jatszok szintén kevésbé
voltak pontosak: 64,97%-kal és 55,38%-kal kisebb valoszintiséggel adtak pontos
becslést 40 cm-nél, illetve 145 cm-nél. A korabbi VR-tapasztalat pozitiv hatast
mutatott rovidebb tévolsdgoknal: az ilyen tapasztalattal rendelkezs résztvevik
68,55%-kal nagyobb valoszintiséggel becsiiltek pontosan 40 cm esetében.

Az interakcids tényez6k vizsgalatanal ezek a hatasok jelentGsen felerésod-
tek. Példaul a heti 1-2 orat jatszo résztvevsk 88,88%-kal kisebb valdszinii-
séggel becsiiltek pontosan 55 cm-nél, mig a heti 11-19 o6rat jatszo, korabbi
VR-tapasztalattal nem rendelkezd résztvevsk 84,85%-kal kisebb valoszintiséggel
adtak pontos becslést 100 cm-nél. Egyes kombinalt tényezSkonfiguracioknél a
pontossagi valoszintiség csokkenése meghaladta a 90%-ot.

Ezek az eredmények arra utalnak, hogy az immerzié nem befolyasolja egyfor-
méan a becslések pontossagat. Hatéasa olyan tényezoktdl fiigg, mint a tavolsag
nagyséiga, a tavolsdgbecslés tipusa és a felhasznéld egyéni jellemzéi.
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A sebesség és pontossag kézotti kapcesolat

Az eredményeim alapjan megallapithato, hogy az atlagos valaszidé alacsonyabb

volt immerziv VR-ban (I, = 1), mint nem immerziv asztali kijelzével (I, = 0).
Ezt formalisan a (6). egyenlet fejezi ki.

A pontos becslések valoszintsége azonban csokkent immerzio (I, = 1) esetén

a nem immerziv verzidhoz (I. = 0) képest, ahogyan azt a (7). egyenlet mutatja.

PY;;=1|1.=1)<P(Y;; =1|1.=0). (7)

A Spearman-féle rangkorrelacié eredményei alapjan (lasd 1. tablazat) nem
volt érdemi korrelacio a valaszids és a pontos egocentrikus/exocentrikus tévol-
sagbecslések szama kozott.

1. tablazat. A vélaszid6 és a pontos tavolsadgbecslések szama kozotti korrelacio.

Egocentrikus becslés Exocentrikus becslés
Teljes adathalmaz r4(4578) = —,067, p < ,001 r,(4578) = ,080, p < ,001
Asztali kijelzd rs(3138) = —,075, p < ,001  r4(3138) =,070, p < ,001
Gear VR HMD rs(1438) =,000, p=,989  r4(1438) =,010, p =,520

Az eredmények értelmezése

Az immerzi6 szintje nem vezet be alland6 torzitast, hanem megvaltoztatja,
hogyan észlelik és értelmezik az emberek a térbeli informéciot. Ez a hatas mind
az egocentrikus, mind az exocentrikus tavolsagbecslésben megjelenik, és nem
egyforma minden résztvevénél. A valtozasok nagységa és iranya a felhasznéld
tulajdonsagaitol és jellemzgitél fligg mint a nem, a heti jatékids és a korabbi
VR-tapasztalat. Bar a felhasznalok altalaban gyorsabban valaszoltak az IVE-
ben, a pontossag nem kovette ezt a tendenciat. A valaszidS és a pontossag
kozott nem volt érdemi korrelacio, ami arra utal, hogy az immerzié nem valt ki
klasszikus sebesség-pontossag kompromisszumot: az idébeli és térbeli feldolgozast
egymastol fiiggetleniil is befolyasolhatja.

Legyen H; = (G;, D;, H;, W;,V;) az i-edik résztvevd tulajdonségainak vektora.
Legyen Q. egy immerzio-fliggé transzformacios operator, amely meghatarozza,
hogyan alakul a tavolsdgbecslések eloszlasa I. immerzios szint mellett. Az
immerzi6 szintjének hatasat a tavolsagbecslésekre a (8). egyenlet formalizalja.

P(di; | dj, I, H,;) = Qp (P(ciij | dj,Hi)> . (8)

Az immerzi6 szintje, a felhasznalo tulajdonsagai és a tavolsag tehat egyiittesen
alakitjak a becslési hibak eloszlasat. A virtudlis kornyezetek igy nemcsak az
ingerek bemutatésanak mdodjat, hanem azok értelmezését is befolyésoljak. Mindez
alapjan az els6 tézis (T1) az alabbiak szerint fogalmazhato meg.
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T1. Az immerzi6 szintje befolyasolja, hogyan becsiilik a felhasznéilok az
egocentrikus és exocentrikus téavolsagokat, és milyen gyorsan teszik ezt. Ezek a
valtozasok nem egységesek, mivel a felhasznalok tulajdonsagai tovabb modosit-
hatjak Sket. A virtualis kornyezetekben megfigyelhets perceptuélis kiilonbségek
tehat az immerzi6é szintje és a felhasznal6 kozotti interakcidéboél erednek.

T1-et alatamaszto publikaciok
A T1-et 10 publikicié tamasztja ala [GT1-GT10]:

|GT1] T. Guzsvinecz, J. Sztics, and E. Perge, ,Examining the influence
of egocentric distance on exocentric distance estimation in virtual environ-
ments,” Acta Polytechnica Hungarica, vol. 22, no. 7, pp. 163-179, 2025, doi:
1012700/APH227202579 (Q2024: Q2 IF2024: 1,8)

|GT2| T. Guzsvinecz, J. Sztics, and E. Perge, , The effects of immersion level,
human characteristics, and a virtual scale on exocentric distance perception,”
Infocommunications Journal, vol. 17, Special Issue on Cognitive Infocommuni-
cations, pp. 24-31, 2025, doi: 10.36244/1CJ.2025.6.4. (Q2024: Q3 IF3024:
1,3)

[GT3] T. Guzsvinecz, J. Sziics, and E. Perge, ,How egocentric distance estima-
tion changes in virtual environments by using a desktop display or the Gear VR,”
Acta Cybernetica, vol. 27, no. 1, pp. 15-41, 2025, doi: 10.14232/actacyb.307740.

(Q2024: Q3 IF5024: —)

[GT4] T. Guzsvinecz, J. Sztics, and E. Perge, ,,Examination of accurate exo-
centric distance estimates in a virtual environment using a desktop display and
the Gear VR,” Electronics, vol. 13, no. 8, Art. no. 1536, 2024, doi: 10.3390/el-
ectronics13081536. (Q2024: Q2 IF2024: 2,6)

[GT5] T. Guzsvinecz, J. Sziics, and E. Perge, ,,Towards understanding exocent-
ric distance estimation skills of university students in virtual reality,” in Proc.
2024 IEEE 22nd World Symp. Applied Machine Intelligence and Informatics
(SAMI), 2024, pp. 481-486, doi: 10.1109/SAMI60510.2024.10432814.

[GT6] T. Guzsvinecz and J. Szcs, ,,Az egocentrikus és exocentrikus tévolsagok
kapcsolata az e-sporttal,” in II. PE ZEK E-Sport Szakmai Napok: Osszefoglalo
kiadvdny, Zalai Egyetemi Sportegyesiilet, 2024, p. 8.

[GT7] T. Guzsvinecz, E. Perge, and J. Sziics, ,,Examining the results of virtual
reality-based egocentric distance estimation tests based on immersion level,”
Sensors, vol. 23, no. 6, Art. no. 3138, 2023, doi: 10.3390/s23063138. (Q2023:
Q1 IF3p23: 3,4)

|GT8| T. Guzsvinecz, E. Perge, and J. Sziics, ,,Analyzing accurate egocentric
distance estimates of university students in virtual environments with a desktop
display and Gear VR display,” Electronics, vol. 12, no. 10, Art. no. 2253, 2023,
doi: 103390/616(31]1"0111(3512102253 (Q2023: Q2 IF2023: 2,6)
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[GT9| T. Guzsvinecz, J. Sztcs, and E. Perge, ,Egocentrikus és exocentrikus
tavolsagok vizsgélata virtuélis kdrnyezetben,” in Orvosi informatika: A XXXVI.
Neumann Kollokvium konferencia-kiadvdnya, 2023, pp. 4046, doi: 10.5281/zen-
0do.10432880.

|[GT10] T. Guzsvinecz, J. Sztics, and E. Perge, ,An overview of display para-
meters and devices that affect egocentric distance estimation in virtual environ-
ments,” in 9th Winter School for PhD Students in Informatics and Mathematics,
Association of Hungarian PhD and DLA Students, 2023, p. 17.

2.2. A hanglokalizacié befolyasolasa immerziv kornyezetek-
ben

Hattérirodalom és kapcsolodé munkak

A hanglokalizacio fontos szerepet jatszik a térbeli tajékozdédasban mind fizikai,
mind virtualis kornyezetekben. Bar a hangalapt észlelés altalaban kevésbé
dominans, mint a latas, az emberek hétkoznapi koriilmények kozott jelentés
pontossaggal képesek azonositani a hangforrasokat, f6ként a horizontalis sikban
[3,4]. Virtualis kornyezetekben azonban a térbeli hallas fontosabba valik, mivel
a felhasznalok digitalisan generalt jelzésekre tdmaszkodnak a szimulalt terek
értelmezéséhez és navigalasahoz [5].

Kutatasok kimutattak, hogy a hanglokalizaciot tobb tényezd egyiittesen
befolyasolja virtualis kornyezetben [6,7]. Szerepet jatszanak ebben az auditiv
mechanizmusok — példaul a két fill koézotti id§ és hangerdkiilonbségek — a
technologiai megoldasok, mint a fejhez kotott atviteli fliggvények (head-related
transfer functions, HRTF-ek), valamint a felhasznalok tulajdonsagai, mint a
nem, a kordabbi VR-tapasztalat vagy természetesen a halldsképesség.

Koréabbi kutatasok asztali és immerziv kijelzkkel, a felhasznalok jellemz&ivel
és akusztikai manipulaciokkal foglalkoztak [8,9]. Ezeket a tényezSket azonban
ritkAn vizsgaltak egyiitt, azonos kisérleti kornyezetben. A masodik tézishez
kapcsolodd kutatasomban ezt a hidnyossagot kezelem: azt vizsgalom, hogy
az immerzi6 és a felhasznalok tulajdonsagai hogyan befolyasoljak egyiittesen
a horizontalis hanglokalizaciés teljesitményt egy olyan virtualis kornyezetben,
amelynek a mérete dinamikusan valtozik.

Felhasznalt moédszertan

Unityben egy zart, téglalap alapu virtualis szobat hoztam létre, amelyben a
résztvevik asztali kijelzon (egérinterakcioval) és Gear VR HMD-n (fejkovetéssel)
egyarant elvégezhették a lokalizacios feladatot. Nyolc egyforma, gémb alaku
hangforrast helyeztem el egyenletes szogtavolsagokra egy vizszintes korén, mind-
egyiket 8,3 virtualis méterre a résztvevs pozicivjatol. Minden probéban egy
véletlenszertien kivalasztott gémb térbeli hangot bocsatott ki, vizualis jelzés
nélkiil. Mindkét eszkdzon ugyanazt a Sony PlayStation 4 Platinum Wireless
fejhallgatot hasznaltuk, virtuélis 7.1 moédban.
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A hangvisszaverddési feltételek szabélyozott valtoztatasa érdekében a szoba
méretét minden mérési proba utédn véletlenszertien skalaztam az alapméretének
100%-a és 250%-a kozott. Ez megvaltoztatta a visszazengés iddzitését és a
visszaverddések szerkezetét, mikozben a térbeli elrendezés valtozatlan maradt.
Osszesen N = 110 résztvevs vett részt a vizsgalatban, akik kijelzGeszkozonként
10-10 mérési probat teljesitettek. Jellemzdik:

e 86 férfi, 24 nd,

103 jobbkezes, 7 balkezes,

59 szemiiveges, b1l nem viselt szemiiveget,

4 jelezte, hogy hallasproblémaja van, 106 nem,

18-nak volt korabbi VR-tapasztalata, 92-nek nem,

atlagéletkor: 24,92 év (SD = 7,42).

A lokalizacio pontossagat két egymaést kiegészité moédon elemeztem. ElGszor
probankénti pontossagot vizsgaltam logisztikus regresszioval [2]. A korabbiakhoz
hasonléan legyen i a résztvevd indexe és j a mérési proba indexe. Jeldlje
Yi; € {0,1}, hogy az i-edik résztvevs valasza a j-edik mérési probaban helyes volt-
e (0 = helytelen, 1 = helyes). Legyen ¢ € {0, 1} a megjelenits eszkoz (0 = asztali
kijelz6, 1 = HMD), és I, a hozzé tartoz6 immerzi6 szintje. Legyen T;; a valaszids
és R;; a szobaskalazasi tényez6 az i-edik résztveves j-edik mérési probajaban.
A helyes lokalizécio valoszintiségét logisztikus regresszioval modelleztem, a (9).
egyenlet szerint.

logit(P(Yi; = 1)) = Bo + Bil. + B2Tij + B3R, 9)

ahol By, ..., B3 regresszios egyiitthatok.

Ezt kévetGen az egyes résztvevik pontossagat vizsgaltam linearis regresszioval,
a helyes valaszok szaméat alapul véve |2]. Legyen K. az i-edik résztvevs helyes
lokalizacidinak szama a ¢ megjelenitd hasznéalataval. A felhasznalok tulajdonsigai
prediktorokként keriiltek a modellbe, a (10). egyenletben lathaté6 modon.

Kic = Bo+ b1l + B2Gi + BsD; + BaZi + BsU; + BeAi + B7Vi + €ic,  (10)

ahol I, az immerzi6 szintje, G; a nem, D; a dominans kéz, Z; a szemiiveghasznalat,
U; a halldsproblémak, A; az életkor, V; a korabbi VR-tapasztalat, By, ..., 57
pedig regresszids egyiitthatok.

A kovetkezékben y2-probakat [10] alkalmaztam a hibas hanglokalizacios
aranyok vizsgalatara.

A valaszidg elemzése linearis regresszidval tortént [2]. Legyen T;. az i-edik
résztvevd mind a 10 mérési probajanak Gsszesitett valaszideje a ¢ megjelenitst
hasznélva. A regresszios modellt a (11). egyenlet definilja.
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Tic =ap +onl. + @G + asD; + cauZ; + asU; + agAi + a7V + €4, (11)

ahol ag, ..., a7 regresszios egyiitthatok és ;. a rezidualis tényezd.
Végiil a valaszidd és a lokalizacidés pontossig kozotti kapcesolatot logisztikus
regresszioval vizsgaltam, a (12). egyenlet szerint.

logit(P(Y;; = 1)) = v + 1Ty, (12)

ahol vg és 1 regresszios egyiitthatok.

Pontos hanglokalizaci6

Osszességében a leiré statisztikdk hasonloak voltak a két immerzio szint kozott
(Mpc =794, SDpc =2.51; Myyp = 7,81, SDyyp = 2,43). A regresszidana-
lizis alapjan megallapithato, hogy a felhasznalok szamos tulajdonsaga szigni-
fikdnsan befolyasolta a lokalizacios pontossagot. A férfi résztvevék magasabb
pontossagot értek el a ndknél, mivel megkozelitSleg 87%-kal nagyobb eséllyel
lokalizaltak helyesen. Asztali kijelzén a férfiak szignifikinsan pontosabbak voltak
a ndknél (W = 1562,5, p < ,001). HMD hasznalataval ez a kiilonbség eltiint,
mivel a n6k pontossaga 25%-kal novekedett. A nék pontossaga a két immerziod
szint kozott szignifikdnsan kiilonbozott (W = 33, p = ,002).

A korabbi VR-tapasztalat hasonléan erés pozitiv hatast mutatott, a helyes
valasz esélye tobb mint kétszeresére nétt (megkozelitsleg +111%). Ezzel szemben
a szemiivegviselés csokkentette a pontossagot, megkozelitsleg 32%-os esélycsokke-
néssel. A szemiiveget visel6k és nem visel6k kozotti kiilonbség szintén szignifikans
volt (W =1110,5, p = ,015). Az életkor negativ Gsszefiiggést mutatott a teljesit-
ménnyel: minden tovabbi életév megkozelitSleg 2,8%-kal csokkentette a helyes
valasz esélyét.

Maga az immerzi6 szintje nem befolyasolta szignifikdnsan a lokalizacids pon-
tossagot. Hasonloképpen a dominans kéz és az énbevallott hallasproblémak sem
mutattak statisztikailag megbizhato hatast. A 100% és 250% kozotti szobaskala-
zas szintén nem befolyésolta szignifikinsan a helyes valasz valoszintiségét.

Ezek az eredmények azt mutatjék, hogy a jelen esetben a hanglokalizacio
pontossagat elsGsorban a felhasznalok tulajdonsagai hataroztak meg, nem az
immerzi6 szintje vagy a szoba mérete.

A helytelen hanglokalizaciok szerkezete

A valaszok helyességén tul a hibaardnyokat is elemeztem.  Asztali ki-
jelz6vel a legtobb hiba a szomszédos frontalis pozicioknal fordult eld,
X2(6, N = 227) = 24391, p < ,001. A ,jobb-elsl” és a ,bal-elsl” irdny volt
a két leggyakrabban valasztott helytelen irany. Gear VR HMD-vel ez a hiba-
eloszlas kis mértékben eltolodott: a ,bal-elsl” valt a leggyakoribb hibairannya,
X2(6, N = 241) = 400,18, p < ,001. A feltételek kozotti Pearson-féle khi-
négyzet-proba megerdGsitette, hogy az aranyok szignifikinsan kiilonboztek az
immerzi6-szintek kozott, x2(6, N = 468) = 20,848, p = ,001.
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Ezek az eredmények azt mutatjak, hogy az immerzié szintje nem csupén a
teljesitményt befolyédsolja, hanem moédositja a lokalizaciés hibak mintazatat is.
Az immerzi6 tehat a térbeli tajékozodast alakitja, nem egyszertien javitja vagy
rontja az Osszteljesitményt.

A valaszidSre vonatkoz6 eredmények

A regresszioelemzés feltarta, hogyan befolyasoltak a felhasznalok tulajdonsagai a
lokalizacios teljesitményt. A férfi résztvevok szignifikansan gyorsabban végezték
el a feladatot, atlagosan koriilbeliil 30%-kal kevesebb 6sszid6t igényelve, ami
nagyjabol 33 masodperces csokkenésnek felelt meg. A korabbi VR-tapasztalat
hasonléan pozitiv hatast mutatott: az immerziv kornyezetekben tapasztalt
résztvevek koriilbeliil 26%-kal gyorsabban végezték el a hanglokalizécios feladatot.
Az életkor pozitiv Osszefliggést mutatott a valaszidGvel: minden tovabbi életév
megkozelitSleg 2,9 masodperccel novelte a teljesitési idGt. A hallasproblémékat
jelzo résztvevok szignifikdnsan tobb id6t igényeltek (megkozelitsleg 52%-kal
hosszabb 6sszid§). Ezt az eredményt azonban 6vatosan kell értelmezni a kevés
résztvevére valo tekintettel.

Maga az immerzi6 szintje nem mutatott statisztikailag szignifikans hatast a
valaszidére. Bar a résztvevok HMD-vel atlagosan koriilbeliil 5%-kal lassabbak
voltak, ez a kiilonbség kicsi és statisztikailag nem szignifikans volt.

A valaszid6t a pontossaghoz kapcsold regresszids egytitthatd nem kiilénbozott
statisztikailag nullatol (y; =~ 0). Ez arra utal, hogy a hosszabb valaszid6k nem
befolyasolték szignifikinsan a helyes valasz valoszintiségét. A gyorsabb valasz
tehat nem jart egyiitt pontossagvesztéssel.

Az eredmények értelmezése

Az eredményeim azt mutatjak, hogy az immerzi6é nem javitja és nem is ront-
ja automatikusan a hanglokalizacié pontossagat. A teljesitménykiilonbségeket
elsGsorban a felhasznaldk tulajdonsagai magyarazzak. A nem, a korabbi VR-
tapasztalat, az életkor és a szemiivegviselés szignifikdnsan befolyasoljak a loka-
lizacié pontossigat és a valaszadas sebességét. Maga az immerzio szintje nem
hatarozza meg onalléan az Gsszteljesitményt, de moédositja a lokalizacios hibak
mintazatat. A valaszid6-kiilonbségek féként a felhasznélok tulajdonsagaihoz
kothetSk, nem az immerzi6 szintjéhez.

Legyen E;; a kategorialis hiba a j-edik mérési probaban az i-edik részt-
vevénél, amely az érzékelt és a valds irdny kozotti eltérést jeloli. Legyen
H, = (G, D;, Z;,U;, A;, V;) az i-edik résztvevs tulajdonsagainak vektora. Legyen
Q1. az eléz6 alfejezetben bevezetett immerzio-fliggd perceptualis transzformacio.
Az immerzi6 hatésa a hibak iranyanak eloszlasara a (13). egyenletben lathato.

P(Eij | I, H;) = Qq, (P(Ei; | Hy)) . (13)

Ahogyan a (13). egyenlet mutatja, a modell azonos logikat kévet, mint a
T1-ben bemutatott (8). egyenlet: az immerzi6 szintje megvaltoztatja a hang-
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lokalizacié pontossaganak mintazatat, nem egyszertien javitja vagy rontja az
Osszteljesitményt.

T2. Dinamikusan skalazott virtualis kérnyezetben a hanglokalizaciot el-
s6sorban a felhasznald tulajdonsagai befolyasoljak. Az immerzié szintje nem
hatarozza meg 6nalléan az 6sszpontossagot, hanem az immerzi6 szintjétél fiiggden
modositja az iranybeli hibakat és a teljesitménykiilonbségeket. A vélaszsebesség-
kiilonbségek az érzékelés alkalmazkodasat tiikrozik, nem a megjelenit eszkoz
miiszaki korlatait.

T2-t alatamaszt6 publikaciok
A T2-t 6t publikicié tamasztja ala [GT11-GT15]:

[GT11] T. Guzsvinecz, ,,The effects of display devices on locating sound sources
in virtual environments,” Acta Polytechnica Hungarica, vol. 22, no. 6, pp. 153170,
2025, doi: 10.12700/APH.22.6.2025.6.10. (Q2024: Q2 IF3p24: 1.8)

[GT12] T. Guzsvinecz, ,How sound localization is affected in virtual envi-
ronments,” Infocommunications Journal, biralat alatt. (Qz2024: Q3 IF2024:
1.3)

[GT13] A. Szelinger and T. Guzsvinecz, ,Hanghatas alapu akadalymentesi-
tési vizsgalat virtualis kdrnyezetben,” in Orvosi informatika: A XXXVI. Neu-
mann Kollokvium konferencia-kiadvdnya, 2023, pp. 27-33, doi: 10.5281/zeno-
do.10461807.

[GT14] T. Guzsvinecz, M. Szabo, B. Halmosi, and C. Sik-Lanyi, ,,The virtual
reality sound-based spatial orientation project,” in Proc. 12th IEEE Int. Conf.
Cognitive Infocommunications (CoglnfoCom 2021), 2021, pp. 11-16.

[GT15] T. Guzsvinecz, M. Szabd, and C. Sik-Lanyi, ,Haromdimenzios virtualis
kornyezet fejlesztése hanghatés alaptt HCI és akadalymentesitési vizsgalatra,”
in Orvosi informatika 2020 — A XXXIII. Neumann Kollokvium konferencia
kiadvanya, 2020, pp. 22-27.

3. Masodik téziscsoport: Részvételi feltételek és
akadalymentesség rétege

3.1. A kiberbetegség mint visszatérd korlat a kereskedelmi
VR-jatékokban

Hattérirodalom és kutatasi rés

Az els6 téziscsoportban az immerziot olyan tényezdként irtam le, amely megval-
toztatja, hogyan érzékelik a felhasznalok a teret. Az eredmények azt mutattak,
hogy az immerzié szintjétsl fiiggGen mérhetd kiilonbségek figyelhetSk meg a
térbeli pontossagban és a valaszidében. A kiberbetegség — méas néven vizuélisan
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kivaltott mozgéasbetegség (visually induced motion sickness, VIMS) — ugyan-
ennek a folyamatnak egy kapcsolodd kdvetkezményeként értelmezhets. A T1
és T2 eredményei azt mutattak, hogy az immerzié megvaltoztatja az észlelést,
de ezek a valtozéasok altalaban toleralhaté keretek kozott maradnak. Bizonyos
tervezési dontések és felhasznéloi adottsagok kombinécioja esetén azonban a
hatas atléphet egy kiiszobot: a felhasznalé méar nem csupan pontatlanabbul
vagy méshogy észlel, hanem fizikailag rosszul lesz. A kiberbetegség tehat nem
kiilonallo jelenség, hanem az immerzié egy szélsd esete: az a pont, ahol a rendszer
és a felhasznalo kozotti fesziiltség testi tlinetekben csapodik le.

A kiberbetegséget leggyakrabban azzal magyarazzak, hogy az érzékszervek
ellentmondasos jelzéseket kapnak, illetve hogy a test egyensulyat fenntartd rend-
szer megzavarodik [11]. Laboratériumi vizsgalatok szerint a HMD-k erdsebb
tiineteket valtanak ki, mint az asztali kijelz6k [12] — f6ként azért, mert intenzi-
vebb mozgéisélményt keltenek, mikozben a latott és az érzékelt mozgas kozott
eltérés marad [13,14]. A legtobb ilyen vizsgélat azonban kis mintan, mestersége-
sen kialakitott koriilmények kozott zajlik. Ez alkalmas arra, hogy megértsiik,
mi okozza a jelenséget. Arrol azonban keveset arul el, hogyan jelenik meg a
gyakorlatban, ahol a jatékosok hosszabb ideig jatszanak, mas-més modon, és
nagyon eltérg érzékenységgel.

Mindebbdl kovetkezik, hogy a kiberbetegség valos, laboratériumon kiviili
megjelenésérdl viszonylag keveset tudunk. Ennek poétlasara tobb mint egymillio,
belss nézeti (first-person shooter, FPS) VR-jatékokhoz irt felhasznaloi értékelést
elemzek. Fz a megkdzelités lehet6vé teszi, hogy a kiberbetegséget ne csak észlelési
jelenségként vizsgéaljam, hanem olyan tényezSként is, amely befolyésolja, hogy a
felhasznalok egyaltalan részt tudnak-e venni egy immerziv rendszer hasznalataban
— és ha igen, hogyan élik meg, értékelik, és hogyan alkalmazkodnak hozz.

Felhasznalt moédszertan

Az adathalmaz R = 1375125 angol nyelvi jatékértékelésbsl all, amelyeket FPS
VR-jatékokhoz irtak a Steam platformon. Az értékeléseket a Steam API és
az R kornyezetben megvalositott automatizalt gytjtési modszerek segitségével
toltottem le. Minden azonositott FPS VR-jatékhoz legfeljebb 1000 legfrissebb
angol nyelvi értékelést gytdjtottem, hogy az adatok naprakészek és konziszten-
sek legyenek. Az ismétlsds és iires bejegyzések eltavolitasa utan allt dssze a
végleges adathalmaz. A kiberbetegséggel kapcsolatos tartalmak azonositasara
témamodellezést (BERTopic) alkalmaztam kulcsszosziiréssel kombinalva. Azokat
az értékeléseket tartottam meg, amelyek olyan témékhoz tartoztak, ahol a moz-
gasbetegségre utalo kulcsszavak aranya elérte a 20%-ot. Igy alakult ki az 1 898
értékelésbdl allo szikitett részhalmaz. Minden értékelés konnyen besorolhato
volt polaritas szerint (pozitiv vagy negativ), mivel ez az adat a metaadatokban
szerepelt, és maga az értékeld allitotta be.

A kovetkezd statisztikai modszereket alkalmaztam: x2-probékat az értékelések
aranyainak vizsgalatara [10]; Mann—-Whitney-féle U-probat a csoportok kozotti
szignifikans kiilonbségek elemzésére [15]; a pontbiszerialis korrelaciot [16] pedig
az értékelés polaritasa és az értékeléskor mért jatékidd, illetve az értékelés hossza
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(szoszam) kozotti Osszefiiggeés feltarasara hasznaltam. Az elemzés kiterjedt a
VADER-féle 6sszetett szentimentpontszamok vizsgalatara is [17].

Legyen r az értékelés indexe, i(r) pedig a r-edik értékelés szerzgje. Jeldlje
Y, € {0,1} az értékelés polaritasat, ahol 0 negativ, 1 pozitiv értékelést jelol.
Jelolje C'S, € {0,1}, hogy a r-edik értékelésben szerepel-e utalas kiberbetegségre
(0 = nem szerepel, 1 = szerepel). Legyen 7, az értékelés irasanak idépontjaban
mért jatékids, L, pedig a r-edik értékelés hossza szavakban mérve.

A kiberbetegséggel kapcsolatos értékelések elemzése

A szikitett részhalmazban (R = 1898) a kiberbetegségre a negativ értékelések
28,40%-a, a pozitiv értékelések 15,62%-a utalt. Az ardnyok kozotti kiilonbség
statisztikailag szignifikins volt (x2(1, R = 1898) = 34,95, p < ,001, V = ,135),
ami szisztematikus, de gyenge Gsszefiiggésre utal. A kiberbetegség tehat noveli a
negativ értékelés valoszintiségét, de nem jelenti szlikségszertien az elégedetlenséget.
A kiberbetegség-megemlités és a negativ értékelés kozotti Osszefiiggeést a (14).
egyenlet formalizélja.

P(CS, =1|Y, =0)> P(CS, =1|Y, =1). (14)

A kiberbetegséget megemlité negativ értékelések korabban sziilettek
(Mdn = 49,00, M = 909,60, SD = 6024,32 perc), mint az ugyanilyen tar-
talmu pozitiv értékelések (Mdn = 322,00, M = 1740,00, SD = 7592,63 perc).
A kiilonbség statisztikailag szignifikins volt: U = 445167, p < ,001, r = ,31. A
két csoport kozotti jatékids-kiilonbség a (15). egyenletben lathato.

M(r, | CS, =1,Y, = 0) < M(r, | CS, = 1,Y, = 1). (15)

Bar a jatékids és a kiberbetegség-megemlités kozotti pontbiszerialis kor-
relacio statisztikailag szignifikdns volt (rp,(1891) = —,074, p = ,001, 95%-os
CI [-,119,—,030]), a hatasméret elhanyagolhato. A negativ elGjel arra utal,
hogy a kiberbetegséget megemlits értékelGk kevesebb jatékidével rendelkeztek
az értékelés frasakor, ami 6sszhangban van azzal a mintazattal, hogy a negativ
értékel6k kordbban hagytak abba a jatékot.

A kiberbetegséget megemlité negativ értékelések hosszabbak voltak
(Mdn = 37,50, M = 72,26, SD = 115,74), mint a témat érint6 pozitiv ér-
tékelések (Mdn = 21,00, M = 51,61, SD = 86,45). A kiilonbség statisztikailag
szignifikans volt (U = 252627, p < ,001, » = ,14). A két csoport kozotti
értékelésihossz-kiilonbség a (16). egyenletben lathato.

M(L, | CS, =1,Y, =0)> M(L, | CS, = 1,Y, = 1). (16)

A kiberbetegséggel kapcsolatos részhalmazon beliil az értékelés polaritasa
és hossza kozott pozitiv, statisztikailag szignifikdns pontbiszerialis korrelacio
mutatkozott: 7,,(1896) = ,122, p < ,001, 95%-0s CI [,078,,167]. A hatasméret
ugyan kicsi, az eredmények mégis arra utalnak, hogy a negativ élmények hosszabb
és részletesebb értékeléseket eredményeznek.
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Legyen V, a r-edik értékelés VADER-féle Osszetett szentimentpontszama.
A kiberbetegséggel kapcsolatos részhalmazon beliil — amely pozitiv és negativ
értékeléseket egyarant tartalmaz — a VADER-féle atlagos Gsszetett szentiment-
pontszam ,360 volt, ami arra utal, hogy a diszkomfort pozitiv megitéléssel is
egyiitt jarhat. Ezt az atlagon alapuld Osszefiiggést a (17). egyenlet fejezi ki.

MV, | CS, =1) > 0. (17)

Az eredmények értelmezése

A T1 és T2 eredményei alapjan az immerzié befolyasolja, hogyan érzékeli a
felhasznédlo a kornyezetet. Ezt a hatdst a modellben a Qy,,, operator jeldli.
A kiberbetegség akkor 1ép fel, ha ezek a valtozasok meghaladjak a felhasznal6
fiziologiai tiliréshatarat.

A jelen tézishez kapcsolédd korpuszban minden elemzett jaték immerziv
VR-jaték volt, ezért az immerzi6 szintje az Osszes értékelésnél rogzitett, 1 értékd.
A kiberbetegség el6fordulasanak valtozatossaga igy a tervezési paraméterek és a
felhasznalok érzékenységének kolcsonhatésival magyarazhato.

Legyen g(r) az r-edik értékelésben szerepls jatek. Jelolje Dy, a g(r) jaték
tervezési jellemzGit (pl. mozgasmod, a latott mozgas intenzitésa, komfortbealli-
tasok), S,y pedig azokat a jatékbeli ingereket, amelyek mozgasérzetet keltenek.
Legyen T¢,,, az egyéni érzékenységet leir6 toleranciaoperdtor. Annak valoszi-
niisége, hogy egy értékelésben megjelenik a kiberbetegség, a (18). egyenletben
lathato.

P(CST =1| Dy(ry, TCz’(v-)(qur) (Sg(r)))) = g(Dg(,,), TCz‘(r)’ inm) , (18)

ahol g(Dg(r), Tclm, Qr, m) Osszefoglalja, hogyan befolyédsolja egyiittesen a jaték
tervezése, az egyéni tolerancia és az immerzid szintje annak valdszintiségét, hogy
egy értékelésben megjelenik a kiberbetegség. A tobbrétegii modellben tehat
a kiberbetegség azt a pontot jeloli, ahol az észlelésben bekovetkezs valtozas
részvételi korlatta valik, és ezzel atvezet a részvételi feltételek és akadalymentesség
rétegébe.

T3. A kiberbetegség visszatérd korlat a kereskedelmi VR-jatékokban. Az
immerziv megjelenités és a felhasznaléi érzékenység kolesonhatasabol ered, noveli
a negativ értékelések és a jaték korai befejezésének valoszintiségét, és gyakran
részletesebb élményleirdsokat eredményez. Ugyanakkor nem zarja ki a pozitiv
érzelmi reakciokat. Mindez arra utal, hogy a kiberbetegség olyan részvételi aka-
dalyként miikédik, amely az immerziv virtualis kornyezetekben felhasznalénként
eltéré modon hat.

T3-at alatamasztd publikacio
A T3-at egy publikici6 tamasztja ala [GT16]:
|GT16] T. Guzsvinecz, K. Németh, and J. Sztics, ,,Cybersickness in Commercial
First-Person Virtual Reality Video Games: Analysis of Player Experience in
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Steam Reviews,” Virtual Reality, vol. 30, art. 83, 2026, doi: 10.1007/s10055-026-
01353-y. (Q2024: Q1 IF3g24: 5)

3.2. Az akadalymentesség mint strukturalis részvételi korlat
Hattérirodalom és kutatasi rés

A jatékok akadalymentességét altalaban iranyelvek vagy segédtechnologiak szem-
pontjabol vizsgaljak, elsGsorban az érzékszervi, motoros és kognitiv akadalyo-
zottsag kategoriaira Osszpontositva [18]. Bar léteznek tervezési modszertanok —
koztiik az International Game Developers Association Game Accessibility Special
Interest Group (IGDA GA SIG) iranyelvei [19] — a kereskedelmi videojatékok nem
akadalymentesek egységesen [20]. Ennek hatterében az all, hogy a kereskedelmi
jatékok tervezési logikaja alapvetSen kiillonbozik a laboratériumi vagy fejleszts
jatékoketol [21].

A korébbi vizsgalatok tobbsége vagy fejleszts jatékokat elemzett, vagy csak
korlatozott szamu kereskedelmi jatékra terjedt ki [22]. Ennek kovetkeztében kevés
nagymintés adat all rendelkezésre arrél, hogyan oszlanak el az akadalymentesitési
funkciok a kiilénb6z6 TLG-k, megjelenési idGszakok és jatékmodok kozott a
kereskedelmi jatékokban és digitalis kornyezetekben. Ez szakadékot teremt az
akadalymentesitési ajanlasok és azok tényleges megvalositiasa kozott. A jelen
tézisem ezt a hianyossagot kivanja poétolni.

Felhasznalt moédszertan

Az adathalmazt N = 260 kereskedelmi PC-s videojatékbol épitettem fel (TLG-
nként 25 jaték, kivéve a kisérleti jatékokat, amelyekbdl n = 10 szerepel), amelye-
ket a Steam platform &ltal meghatarozott 11 TLG szerint kategorizaltam [23]. A
vizsgélt jatékok 2002 és 2023 kozott jelentek meg. Az akadalymentesitési funkci-
Okat kézzel rogzitettem az adathalmazban, és harom akadalyozottsagi teriiletre
bontottam, ahogyan az a szakirodalomban is megjelenik: érzékszervi, motoros és
kognitiv akadalymentesitési funkciok. Az adatok rogzitése elsGsorban a jatékon
beliili ellenérzésen alapult, amelyet sziikség esetén hivatalos dokumentacié és
aruhézi leirds segitségével ellendriztem.

Jelolje F;k) € Ny a g jatékban szerepld k tipust akadalymentesitési funkciok
szamat, ahol k € {1,2,3} az érzékszervi, motoros, illetve kognitiv tipust jeloli.
Egy jaték Osszes akadalymentesitési funkciojanak szama a (19). egyenlet szerint
adhato meg.

3
F;sszes _ ZFék) (19)
k=1

A jatékokat TLG, megjelenési év és jatékmod szerint csoportositottam (csak
egyjatékos, illetve tobbjatékos moddal is rendelkezd jatékok). Az aranyok kozotti
kiilonbségeket likelihood-arany probakkal (G-probékkal) vizsgaltam [24], a ha-
tasmeéretet Cramér-féle V-vel jellemeztem [25|. Az akadéalymentesitési funkciok
szamét befolyasold tényezbket regresszidanalizissel és egyszempontos ANOVA-val
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azonositottam, a TLG és az akadalymentesitési funkcio tipusa kozotti kolesénha-
tast pedig kétszempontos ANOVA-val vizsgaltam.

Az akadalymentesitési funkcidék aranya

A TLG-k kozott szignifikins kiilonbségek mutatkoztak az akadalymen-
tesitési funkcidk aranyaban. Ez megfigyelheté a teljes adathalmazban
(G(160, N = 1257) = 371,99, p < ,001, V = ,170), az érzékszervi akadaly-
mentesitési funkeciok (G(80, N = 666) = 222,59, p < ,001, V = |195) és a kognitiv
akadalymentesitési funkciok esetén is (G(50, N = 157) = 110,51, p < ,001,
V =,369). A motoros akadalymentesitési funkciok aranya ezzel szemben nem
kiilonbo6zott szignifikdnsan a TLG-k kozott: G(10, N = 434) = 4,79, p = ,904,
V = ,150.

A megjelenési év nem befolyasolta szignifikdnsan az akadalymentesitési funkci-
ok aranyat (a G-probéakban minden p > ,90). A jatékmodok azonban szignifikéns
kiilonbségeket mutattak a kiilonb6z6 akadalymentesitési tipusok kozott a ko-
vetkez$ esetekben: teljes adathalmaz (G(16, N = 936) = 1119,8, p < ,001),
érzékszervi funkciok (G(8, N = 487) = 164,2, p < ,001), motoros funkciok
(G(1, N = 333) = 448,02, p < ,001) és kognitiv funkciok (G(5, N = 116) = 30,334,
p <,001).

A TLG-k, a megjelenési évek és a jatékmodok hatasa az akadalymen-
tesitési funkciokra

A regresszivanalizisek azt mutattak, hogy a TLG szignifikans hatassal volt az
kokhoz (referenciakategoria) képest a legtébb mas TLG szignifikinsan kevesebb
érzékszervi akadalymentesitési funkcidt tartalmazott. Az egyszempontos ANO-
VA megerssitette a TLG-szinti kiilonbségeket az érzékszervi akadalymentesitési
funkciokban: F'(10, 249) = 6,928, p < ,001. Hasonl6 mintazat figyelhet6 meg a
motoros akadalymentesitési funkciok esetén is: F(10, 249) = 2,296, p = ,013, vala-
mint a kognitiv akadalymentesitési funkciokra vonatkozoan: F'(10, 249) = 2,011,
p = ,038.

A kétszempontos ANOVA mindkét tényezore szignifikins f6hatast jelzett:
TLG (F(10, 812) = 17,300, p < ,001) és akadalymentesitési funkciotipus
(F(2, 812) = 148,200, p < ,001). Az akadalymentesitési funkciok tehat nem
véletlenszerten jelennek meg a jatékokban — eloszlasukat a miifaj és az akadaly-
mentesitési funkcié tipusa egyiittesen alakitja.

A megjelenési évnek nem volt szignifikins hatasa az akadalymentesitési
funkcidk szamara: b = —0,003, SE = 0,015, t = —0,256, p = ,798. Bar a
leir6 statisztikdk enyhe névekedési tendenciat sejtetnek az id6 el6rehaladtaval, a
statisztikai probak nem erdGsitették meg az id6vel 6sszefiliggs szisztematikus hatést.
Az akadalymentesitési funkcidk szamanak véltozasa tehat nem magyarazhato
pusztan az eltelt idével.

A jatékmodokat illetGen a regresszidanalizis azt mutatta, hogy az egyjatékos
jatékokhoz képest a tobbjatékos modot is tamogatd jatékok szignifikinsan tobb
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motoros akadalymentesitési funkciot tartalmaztak: b = 0,37, SE = 0,18, t = 2,10,
p = ,036. A tobbi akadalymentesitési tipusnal a jatékmod nem befolyasolta
szignifikdnsan a funkciok szamat.

Az eredmények értelmezése

A tézisfiizetben bemutatott tobbrétegi modellben az akadalymentesitési funkciok
olyan tervezési elemekként értelmezhetSk, amelyek segitségével a kiillonbo6z6
adottsagn jatékosok is tartosan tudjak hasznalni az adott digitalis kornyezetet.
Mivel az immerzi6 szintje befolyasolja a térbeli észlelést és a valaszidét (T1-T2),
a kiberbetegség pedig akkor 1ép fel, ha ezek a valtozasok meghaladjak a fiziologiai
tiréshatart (T3), az akadalymentesitési funkciok kiegészits szerepet toltenek
be a rendszerben. Lehet&vé teszik, hogy azok a jatékosok is részt vehessenek,
akiket az alapértelmezett tervezési megoldasok kizarnanak vagy hatranyosan
érinthetnének.

Jelolje TLGy, MOE, és RY, a g jaték fels6 szintd mitfajat, jatékmodjat,
illetve megjelenési évét. Az akadalymentesitési funkciok beépitésének strukturalis
feltételei a (20). egyenletben foglalhatok Gssze.

F»* = h(TLGy, MOE,, RY,), (20)

ahol h a TLG- és jatékmoddal Osszefiiggd tervezési tendencidkat foglalja Ossze.
Az akadalymentesitési funkciok hatasat a tobbrétegti modellben az A, operator
irja le, amelyet a (21). egyenlet definial.

Ay = A(F>") = A(h(TLGy, MOEg, RYy)) . (21)

Az akadalymentesség nem meriil ki abban, hogy egy jaték hany ilyen funkciot
tartalmaz. Valdjaban azt befolyasolja, hogy a kiilonb6z6 képességii és érzé-
kenységi jatékosok mennyire tudnak tartésan jatszani egy jatékkal. Béar ezt
ebben az adathalmazban kozvetleniil nem mértem, a tobbrétegii modell a (22).
egyenletben lathato monoton dsszefiiggést feltételezi. Legyen X; € {0,1} annak
jelz6je, hogy az i-edik jatékos folyamatosan jatszik-e (0: ha nem, 1: ha igen), H;
a jatékos jellemzdinek vektora, g(i) pedig az i-edik jatékos altal jatszott jaték.

P(X, = 1| F5 Hy) = f(FEe H), (22)

ahol f varhatéan noévekszik FS(S;)ZQS értékével, azaz tobb akadalymentesitési

funkci6 esetén — mas tényezsket rogzitve — a jatékosok szélesebb kore tud tartésan
jatszani. Ebben az értelemben az akadalymentesség olyan tervezési rétegként
miikédik, amely segit cstkkenteni azokat a korldtokat, amelyek a jatékosok eltéré
képességeibdl és testi adottsdgaibol fakadnak. Mindez alapjan a negyedik tézis
(T4) az alabbiak szerint fogalmazhat6 meg.

T4. A kereskedelmi videojatékokban az akadalymentesitési funkciok megva-
lositasa a fels6 szintd miifajhoz és a jatékmodhoz kothetd mintéazatokat kovet,
tehat nem véletlenszertien alakul. A felhasznalo6i és jatékélmény tobbrétegi
modelljében az akadalymentesitési funkciok csokkentik azokat a részvételi kor-
latokat, amelyek a jatékosok eltérd testi és kognitiv jellemzGibél fakadnak, és
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ezaltal lehet&vé teszik, hogy a kiillonboz8 képességl és érzékenységi jatékosok is
tartosan tudjak hasznalni az adott digitalis kérnyezetet.

T4-et alatamaszto publikacio
A T4-et egy publikacio tamasztja ala [GT17]:

|[GT17] T. Guzsvinecz, ,Video game accessibility in the top-level genres,”
Universal Access in the Information Society, vol. 24, pp. 1479-1494, 2025, doi:
101007/810209-024-01154—7 (Q2024Z Q2 IF2024: 2.7)

4. Harmadik téziscsoport: Strukturalis-affektiv ré-
teg

4.1. A felsé szintl miifaj mint affektiv makroarchitektira
Hattérirodalom és kutatasi rés

Az el6z6 téziscsoportok azt mutattik be, hogyan alakitjak az érzékelés sajatossa-
gai és a rendszer korlatai a felhasznaldi- és jatékélményt. Ezek a rétegek azonban
az élmény bels6 miikodésére Gsszpontositanak, és nem adnak teljes képet arrol,
hogyan jelenik meg mindez a jatékosok szoveges kifejezésmodjaban. A jatékosok
értékelései és véleményei ezért egy tovabbi réteget alkotnak — azt, ahol az élmény
diskurzussé alakul. Ez a réteg nagymintas értékelési adatokon keresztiil valik
vizsgalhatova: a jatékosok frasban fogalmazzak meg az élményiiket, értékelésiiket
és érzésiiket.

Egy TLG t6bb mint egy egyszerii osztalyozasi eszkéz. Egy miifaj megha-
tarozza, milyen tempoban zajlik a jaték, hogyan épiilnek fel a mechanikak, és
hogyan bontakozik ki a torténet — ezaltal keretet ad annak, hogyan érzékelik
és ¢élik meg a jatékosok a jatékkal valo interakciot. Megleps modon viszonylag
kevés kutatas vizsgalta atfogoan, hogy ez a keret hogyan tiikrézédik a jatékosok
érzelmi kifejezésmodjaban. A meglévs vizsgalatok tobbnyire egyedi mechanikak-
ra, konkrét jatéksorozatokra vagy csak néhany miifajra fokuszaltak [26-28|, és
kevés figyelmet forditottak arra, hogy az érzelmi tonus, az értékelések hossza
vagy az érzelmek Osszetétele eltér-e TLG-nként. A jelen tézis ezt a hidnyossigot
potolja: t&bb mint 30 milli6 Steam-értékelés elemzésével azt vizsgalom, hogyan
miikédik a TLG affektiv makroarchitekturaként — azaz hogyan alakitja a miifa]
a jatékosok érzelmi diskurzuséat.

Felhasznalt modszertan

A Steam API segitségével 2022 augusztusa és szeptembere kozott jatékonként
legfeljebb az 1000 legfrissebb angol nyelvii értékelést gytijtottem Gssze. Az

c sz

rint csoportositottam [23|: akcio, kaland, alkalmi, kisérleti, logikai, verseny,
szerepjaték (RPG), szimulécio, sport, stratégia és tarsasjaték.

169
22



A szentimentanalizist az NRC Emotion Lexicon segitségével végeztem, az
R kornyezet syuzhet csomagjanak hasznélataval [29,30]. Minden értékelésbél
kinyertem az érzelmi valenciat és nyolc diszkrét érzelemkategoriat (harag, félelem,
varakozés, bizalom, meglepetés, szomorusag, 6rom, undor). Emellett rogzitettem
az értékelés hosszat (szoszam), polaritasat (pozitiv vagy negativ) és az értékelés
irasakor mért jatékidst. A sziikséges statisztikai elemzéstél fiiggen Wilcoxon-
féle rangosszeg-probat [15], Wilcoxon-féle eljeles rangprobat [31] és ANOVA-
t [32] alkalmaztam a TLG-k kozotti Osszehasonlitashoz. Az érzelmi iveket ugy
becsiiltem meg, hogy minden értékelést 25 egyenls részre osztottam, és részenként
kiszamitottam az atlagos valenciat.

Miifajszintd kiilonbségek az érzelmi kifejezésben

A t6bb mint 30 millié értékelésbsl 4llo teljes korpuszban szignifikdns kiilonbsé-
gek mutatkoztak a TLG-k kozott az érzelmi valencia, az értékelés hossza, az
értékeléskor mért jatékids és az érzelemkategoriak Osszetétele tekintetében.

Az értékelések hossza szignifikinsan kiilonbozott a TLG-k kozott:
F(10, 31653105) = 1604, p < ,001. Az atlagos szoszam M = 58,9 (verseny)
és M = 71,4 (RPG) kozott mozgott, a globalis median 22 sz6 volt. Polari-
tas szerint csoportositva a negativ értékelések minden TLG-ben szignifikdnsan
hosszabbak voltak a pozitivaknal: 815690850 < W < 4286 245 480401, minden
p < ,001. A porzitiv értékelések medidnja 19, a negativaké 40 sz6 volt. Az atlagok
My, € [52,7; 64,5] és My, € [83,4; 100,3] kozott szorodtak, ami TLG-nként
33,28% és 39,45% kozotti novekedést jelent.

Az értékeléskor mért jatékids szintén szignifikdnsan kiilonbozott a TLG-k
kozott: F(10, 31566 213) = 1024, p < ,001. Az atlagos jatékids 708,5 perctsl
(kisérleti) 2285,3 percig (szimulacio) terjedt, a teljes median 344 perc volt.
Polaritas szerint csoportositva minden TLG-ben szignifikansan késébb sziilettek
a pozitiv értékelések, mint a negativak: 416352427 < W < 2286496 892 581,
minden p < ,001. A pozitiv értékelések medianja 406 perc, a negativaké 124 perc
volt.

Az érzelmi valencia minden TLG-ben csokkent az értékelés narrativ ideje
soran. A legnagyobb csokkenés a kisérleti jatékoknal volt megfigyelhets (40,66%),
ezt kovette a logikai (30,30%) és a kaland miifaj (23,93%). A legkisebb csokkenés a
sportjatékoknal mutatkozott (0,40%). Polarités szerint csoportositva a pozitiv és
negativ értékelések kozotti valenciakiilonbségek minden TLG-ben szignifikansak
voltak: 300 <V < 325, minden p < ,001.

Az érzelemkategoridk aranya is kiilonbozott a TLG-k kozott. A harag az
akciojaték esetében volt a legmagasabb (10,62%); a félelem szintén az akcio-
jatékoknal tet6zott (12,24%); az orom (18,43%), a szomorusag (13,32%) és a
meglepetés (9,20%) a kisérleti jatékoknal volt a legmagasabb; a bizalom a tér-
sasjatékoknal (19,05%) és a szimulacié miifajnal (19,05%) volt a legerésebb; az
undor a verseny- (6,29%) és sportjatékoknal (6,21%) dominalt. A TLG-parok
kozotti Osszehasonlitasok tulnyomo tobbsége erdsen szignifikins volt (minden
p < ,001), csupan néhéany Gsszehasonlitas nem mutatott szignifikins kiilonbséget.
Ezek az eredmények azt mutatjik, hogy a kiilonbozd TLG-k eltéré mintazatokat
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mutatnak az értékeléshossz, az idébeli elkotelezGdés, az érzelmi valencia és az
érzelemosszetétel tekintetében.

Az eredmények értelmezése

A jelen habilitacios tézisfiizetben bemutatott tobbrétegti modellben a TLG-k
olyan makroszint{ struktaraként értelmezhetsk, amelyek alakitjak, hogyan fe-
jez6dnek ki nyilvanosan a felhasznaloi- és jatékélmények. Az eredmények azt
mutatjak, hogy a TLG-k kozotti kiillonbségek nem csupan statisztikailag szignifi-
kansak, hanem eltér6 mintézatokat is mutatnak. Az elégedetlenség dltalaban
hosszabb és részletesebb értékelésekhez vezet, mig a pozitiv élményeket rendsze-
rint témorebben fogalmazzak meg a jatékosok. A pozitiv értékelések hosszabb
jatékids utén sziiletnek, a negativak viszont kordbban. Az értékelések gyakran
viszonylag pozitiv hangnemben kezd&dnek, és a szoveg elérehaladtaval egyre
negativabba valnak. Ezek a mintédzatok arra utalnak, hogy a TLG-k nem kozvet-
lentil hatarozzak meg az érzelmeket, hanem azt befolyasoljak, hogyan fejez6dnek
ki és szervez&dnek az érzelmi élmények a jatékosok értékeléseiben. Mindez azt
jelzi, hogy az értékelésekben megfigyelhet nagymintas érzelmi mintézatok nem a
véletlenszeri ingadozasokat, hanem a jatékmenet mogottes struktirajat tikkrozik.

Legyen r az értékelés indexe, i(r) a szerzd, g(r) az értékelt jaték, {(r) pedig
annak TLG-je. Az értékelés polaritasat Y, € {0,1} jeloli, ahol 0 negativ és 1
pozitiv értékelést jelol, hosszat L., az értékeléskor mért jatékidst 7,., az érzelmi
profilt &, jeloli. Ezek egytitt alkotjak a D, = (Y,., L, 7, &) vektort, amely az
értékelés tartalmi és érzelmi jellemz6it irja le. A korabban bevezetett operatorok
megtartjak jelentésiiket: Qp,,, az immerzi6 észlelésre gyakorolt hatasa, T¢,
a fiziologiai tolerancia, A, az akadalymentesitési funkciok szerepe. Legyen
Gy(ry @ TLG strukturalis hatasat leiro operator. A (23). egyenlet ezt a rétegzett
Osszefiiggést irja le.

Dr = GK(T) (Ag(r) (TC’i(T) (Q1i<r) (Sg(r))))) = (Yr7 Lra Tr, gr)v (23)

ahol Sy, a g(r) jaték jatékmenet-struktirajat jelli, amelybdl a jatékos élménye
fakad.

T5. A fels6 szintii videojaték-miifajok affektiv makrostruktiraként miikédnek
a digitalis jatékkornyezetekben. Befolyasoljak a jatékosok értékeléseinek hosszat,
polaritasat, az értékeléskor mért jatékidst és az érzelmi Gsszetételt azéaltal, hogy
meghatarozzak azokat a feltételeket, amelyek kozott a jatékosok megélik és
értékelik a jatékot.

T5-6t alatamaszté publikacio

A T5-6t egy publikicio tdmasztja ala [GT18]:

[GT18] T. Guzsvinecz and J. Sziics, ,Length and sentiment analysis of reviews
about top-level video game genres on the Steam platform,” Computers in Human
Behavior, vol. 149, p. 107955, 2023, doi: 10.1016/j.chb.2023.107955. (Q2023:
D1 IF2023: 9)
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4.2. Jatékos-interakcios modok mint mezo-strukturalis af-
fektiv operatorok

Hattérirodalom és kutatasi rés

Bar méar a PX-kutatasok elemezték a videdjatékok érzelmi és pszichologiai
hatasait [33], a legtobb vizsgalat f6ként miifajszintt kiilonbségekre, konkrét
mechanikakra vagy egyedi tervezési elemekre Gsszpontositott [26,34,35]. Kevés
figyelem iranyult azonban a PEM-ek strukturalis szerepére: arra, hogy az egy-
jatékos, kooperativ vagy tobbjatékos formatumok miként alakitjak a jatékosok
egymashoz, a rendszerhez és a haladasi dinamikédhoz valé viszonyéat, és ezen
keresztiil az érzelmi kifejezést — fliggetleniil attol, hogy az adott jaték melyik
TLG-be tartozik.

A szakirodalomban kimutatasra keriilt, hogy az értékelések hossza, polaritasa
és érzelmi tonusa eltér egyes TLG-k és almiifajok kozott [26]. Kevés vizsgalat
elemezte azonban, hogyan befolyasoljak a kiilonbo6z6 interakciés modok a jaté-
kosok szoveges érzelmi kifejezésmodjat [36-38]. A meglévé munkak tébbsége
csak korlatozott szamu interakcidés modot vizsgél, nem a teljes spektrumot. Ez
azért fontos hidnyossag, mert a digitalis kornyezetek egyre inkabb elmossak a
miifajhatéarokat, mik6zben megdérzik az eltérd interakciés formatumokat. Ennek
vizsgalatara a jelen tézisben azt elemzem, hogyan fligg 6ssze a 10 PEM az
értékelések hosszaval, az értékeléskor mért jatékidével, az érzelmi valencia ivével
és az érzelemkategoriak eloszlasaval. Ehhez t6bb mint 15 milli6 Steam-értékelést
hasznaltam.

Felhasznalt modszertan

Az adatgytijtés soran a Steam API segitségével jatékonként legfeljebb 1000
legfrissebb értékelést toltottem le, Gsszesen R = 15023 567 értékelést. Az értéke-
léseket 10 PEM-kategoriaba soroltam a platform metaadatcimkéi alapjan [23]: 4
f6s helyi tobbjatékos, aszinkron tobbjatékos, kooperativ, kooperativ kampany,
helyi kooperativ, helyi tobbjatékos, nagymértékben tobbjatékos, tobbjatékos,
online kooperativ és egyjatékos.

A szoveg eléfeldolgozasa a kovetkezs 1épéseket foglalta magaban: angol nyelvi
szirés, kisbettsités, irasjelek eltavolitasa, toltelékszavak kisztirése és tokenek nor-
malizélasa. Az érzelmi elemzést az NRC Emotion Lexicon segitségével végeztem,
az R kornyezet syuzhet csomagjanak hasznéalataval [29,30]. A T5 tézishez hason-
l6an nyolc érzelemkategoria (harag, varakozas, undor, félelem, 6réom, szomorusag,
meglepetés, bizalom) és a szentiment (pozitiv/negativ) értékeit nyertem ki.

A PEM-szintii 6sszehasonlitdsokhoz egyszempontos ANOVA-t alkalmaztam,
az értékelés polaritasaval egylitt kétszempontos ANOVA-t [32]. A post hoc
elemzésekhez Tukey-féle HSD [39] és Fisher-féle LSD [40] probakat hasznaltam.
Az értékelés hossza és az értékeléskor mért jatékids kozotti Osszefliggést Spearman-
féle rangkorrelacioval vizsgaltam [41]. Az érzelmi valencia ivét — T5-h6z hasonloan
— minden értékelést 25 egyenld részre osztva, részenként kiszamitott atlagos
valenciaértékekkel becstiltem [30].
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A PEM-ekre vonatkoz6 eredmények

Az értékelések hossza szignifikinsan kiilénbozott a PEM-ek kozott:
F(9, 15032557) = 1418, p < ,001. Az értékelés tipusa szintén szignifikans
féhatast mutatott: F'(1, 15032547) = 205 558,53, p < ,001, ahogyan a kolcson-
hatas is: F(9, 15032547) = 82,77, p < ,001. A negativ értékelések minden
PEM-ben szignifikansan hosszabbak voltak a pozitivaknal. A median szészam
pozitiv értékeléseknél 14-22, negativaknal 30-51 sz6 kdzott mozgott. Az aszink-
ron tobbjatékos modban volt a leghosszabb az atlagos értékelés (M = 67,26 sz06),
a helyi tobbjatékos modban pedig a legrévidebb (M = 50,17 sz0).

Az értékeléskor mért jatékids szintén szignifikAnsan kiilonbozott a PEM-
ek kozott:  F(9, 15000879) = 2567, p < ,001. A kétszempontos
ANOVA az értékelés polaritasanak szignifikins f6hatasat is megerdsitette:
F(1, 15000869) = 5632,20, p < ,001, és szignifikans kolcsonhatast is kimu-
tatott: F'(9, 15000869) = 43,03, p < ,001. Az értékelés el6tti median jatékids
pozitiv értékeléseknél 392-565, negativaknal 126-196 perc kozott alakult. A
nagymértékben tobbjatékos moédban volt a legmagasabb az atlagos jatékids az
értékelés irasakor (M = 5984,80 perc).

A Spearman-féle rangkorrelécios egyiitthatok nem mutattak érdemi Gsszefiig-
gést az értékelés hossza és az értékeléskor mért jatékids kozott, annak ellenére,
hogy a nagy mintaméret miatt a korreldcié statisztikailag szignifikdns volt:
rs € [—,078; ,012], p < ,041.

Az érzelmi valencia csokkent a narrativ szovegszegmensek elérehaladtaval. A
legnagyobb cstkkenés az aszinkron tobbjatékos értékelésekben volt megfigyelhe-
t6 (49,88%). Ezzel szemben kis névekedés mutatkozott a kooperativ kampéany
(4+0,32%), a nagymeértékben tobbjatékos (+6,71%) és az online kooperativ mod-
ban (+6,91%).

Mind a nyolc NRC-érzelemkategoria szignifikansan kiilonb6zott a PEM-ek
kozott. A harag aranya nagyjabol 10% koriil alakult, mig a varakozas kozelitéleg
18-19% kozott mozgott. A bizalom a kooperativ modban érte el a legmagasabb
értéket (19,00%), az 6rom pedig a helyi tobbjatékos modban volt a leger&sebb
(18,22%). A félelem a kooperativ kampanyban tetézott (12,08%), az undor a
nagymértékben tobbjatékos moédban volt a legmagasabb (6,50%). Végiil az
aszinkron tobbjatékos modban volt a legtobb pozitiv szentimentszo atlagosan
(M = 3,33).

Az eredmények értelmezése

Legyen r az értékelés indexe, i(r) a szerzd, g(r) az értékelt jaték, ¢(r) a jaték
TLG-je, k(r) pedig a jatékos-interakcios modja. A D, = (Y,., L., 7., €, ) vektor az
értékelés tartalmi és érzelmi jellemz6it irja le. Legyen My () a PEM strukturélis
hatésat leir6 operator. A korabban bevezetett operatorok megtartjak jelentéstiket:
Qr, (y 8z immerzi6 észlelésre gyakorolt hatasa, T¢, ) a fiziologiai tolerancia, Ay,
az akadalymentesitési funkciok szerepe, Gy, pedig a TLG strukturdlis hatésa.
Az értékelés tartalmi és érzelmi kimenete a (24). egyenletben lathaté6 modon
irhato fel.
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D, = My (Gatr) (At (Ter, (Quiy (So)))) (24)

ahol D, = (Y,., L, 7., &), valamint a kordbban bevezetett jeloléseket hasznalja:
Y, € {0,1} az értékelés polaritasa, L, a hossza, 7, az értékeléskor mért jatékids,
&, pedig az érzelmi profil, Sy(,) pedig a g(r) jaték jatékmenet-struktirajat jeloli.
Az My(,y operator nem véltja fel a TLG-szint{ strukttrat, hanem tovabb alakitja,
hogyan fejez6dnek ki a jatékosélmények a nyilvanos értékelésekben. Héarom
visszatéré mintazat figyelhet6 meg a PEM-ek kozott: a negativ értékelések
altaldban hosszabbak, korabban sziiletnek, és az érzelmi profilok PEM-enként
eltérnek. Mindez alapjan a hatodik tézis (T6) az alabbiak szerint fogalmazhato
meg.

T6. A jatékos-interakcios modok kozbiilsG strukturalis réteget alkotnak
a digitalis jatékkornyezetekben. A fels szintt miifaj mellett befolyasoljak az
értékelések hosszat, keletkezési idejét és érzelmi kifejezésmodjat — ezaltal alakitjak,
hogyan kommunikaljak a jatékosok élményeiket a nyilvanos értékelésekben.

T6-ot alatamaszté publikacio
A T6-ot egy publikicio tamasztja ala [GT19]:

[GT19] T. Guzsvinecz and J. Sziics, ,Emotions in Play: A Length and Sentiment
Analysis of Steam Reviews by Player Engagement Mode,” Heliyon, biralat alatt.
(Q2024: Q1  IF3024: 3.6)

4.3. Tervezési paradigmak és almifajok mint mikro-
strukturalis affektiv operatorok

Hattérirodalom és kutatasi rés

Mig a T5 a TLG-t makroszintd affektiv architekttraként értelmezte, a T6
pedig megmutatta, hogy a PEM-ek mezo-strukturélis interakciés szabalyozoként
miikédnek, egyik szint sem magyarazza meg teljes mértékben, hogy az egyes
tervezési paradigmak miként alakitjak a jatékosok élményeinek megfogalmazésat.
Az olyan tervezési paradigmék, mint a Soulslike jatékok, a liminalis tereket
tartalmazo jatékok, az immerziv VR-cimek vagy a kompetitiv e-sport jatékok,
tobb mint egyszertd almitfajok: kiilonb6z6 tervezési filozofidkat képviselnek.
Mindegyik mogott mas elképzelés huzodik arrdl, mennyire legyen nehéz a jaték,
hogyan épiiljon fel a tér, mennyire legyen egyértelmii a térténet, hogyan élje
meg a jatékos a sajat karakterét, és hogyan jutalmazzik a jatékost. Ezek a
kiilénbségek nem véletlenek — kdvetkezetesen befolyéasoljak, hogyan élik meg és
hogyan mesélik el a jatékosok az élményiiket.

Egy korabbi vizsgalatsorozatban kiillonbozd tervezési paradigmékat elemeztem
egymast kiegészité megkozelitésekkel. Megvizsgaltam a liminalis tereket tartal-
mazo jatékok érzelmi jellemz6it [GT20], témamodellezéssel feltartam a Soulslike
jatékok visszatérs témait [GT21], és iparagi szinten leirtam a ,,Soulsifikacio"
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folyamatat [GT22]. Ezt kovetSen a VR-jatékokhoz kapcsolodod értékelések-
ben megjelend érzelmek eloszlasat és tematikus szerkezetét vizsgaltam [GT23],
valamint azt, hogy egyes tervezési megoldasok hogyan befolyasoljak a pozitiv
fogadtatast [GT24]. A VR-értékelések érzelmi szerkezetét egy kiegészits elemzés-
ben is megvizsgaltam [GT25], a virtualis kornyezetekben megfigyelhets érzelmi
és szoveges aszimmetridkkal egyiitt [GT26]. Emellett feltartam az e-sport érté-
kelések szerkezetét [GT27], és elemeztem a Soulslike jatékokrol szolo értékelések
érzelmi mintazatait [GT28]. Végiil azt vizsgaltam, hogyan fiigg Ossze a jaték
tervezési megoldasainak kombinacidja a pozitiv fogadtatassal [GT29].

Bar ezek a vizsgalatok kiilonb6z6 tervezési paradigmakat és modszertani
megkozelitéseket alkalmaztak, egymaéstol fiiggetleniil késziiltek. Hidnyzik még
egy egységes keretrendszer, amely megmagyarizza, hogyan alakitjdk ezek a
paradigméak az érzelmi élményeket a digitalis kornyezetekben. Ez a habilitacios
tézis ezt a hidnyossagot potolja: azonositja a paradigméakon ativel rendszeres
mintazatokat, és elhelyezi 6ket a tobbrétegii modellben.

Felhasznalt moédszertan

Ebben az alfejezetben tobb nagy, széveges adathalmazbol szarmazoé eredményeket
foglalok 6ssze. Az elemzés alapjat 993 932 Soulslike értékelés adja, amelyeket
szentimentanalizissel vizsgaltam; 418 483 angol nyelvi Soulslike értékelés, amelye-
ket témamodellezéssel dolgoztam fel; valamint 1635919 VR-értékelés, amelyeket
az érzelmek, a széhasznalat és a belss Osszefliggések szempontjabol elemeztem.
Az adathalmaz tartalmaz tovabbé 66 858, liminéalis tereket tartalmazo jatékokrol
sz616 értékelést, és 8 425 e-sport értékelést a Counter-Strike 2, az Apex Legends,
a PUBG: Battlegrounds és a Dota 2 jatékokhoz.

A korabbi fejezetekhez hasonléan minden korpuszt a Steam platformrol gyfij-
tottem. Az érzelmi valenciat és a nyolc NRC-érzelemkategoriat az R kornyezet
syuzhet csomagjaval tartam fel [29,30]. A tematikus strukturakat Latens Dirich-
let Allokécioval (LDA) azonositottam [42], a jatékids, az értékelés polaritasa és
a szentiment-Gsszetétel kozotti Gsszefiiggések vizsgalatdhoz pedig korrelacio- [41]
és regresszitanalizist [2| alkalmaztam.

A hetedik tézisben nem az egyedi eredményeket ismétlem meg, hanem a ter-
vezési paradigmakon ativel§ strukturalis mintazatokat azonositom. Bar minden
paradigma sajatos érzelmi és szoveges konfiguraciot mutat, az 6sszehasonlitasuk
feltarja, hogyan generalnak az eltérd tervezési logikdk mérhetd kiillonbségeket a
jatékosok érzelmi és szoveges kifejezésmodjaban.

A kiilonb6z6 tervezési paradigmakra vonatkozé eredmények

A Soulslike jatékok erds érzelmi polarizaciot mutattak. A negativ értékelések
valencidja nulla ald esett, mig a pozitiv értékelésekben magas 6réom-, bizalom-
és varakozasszint volt megfigyelhets. A témamodellezés feltarta, hogy a pozitiv
értékelések a hangulatra, az esztétikira és a kihivason valo feliilkerekedésre Gssz-
pontositanak, mig a negativak a jatékmechanikakra és a technikai frusztraciora.
Enyhe és kozepes erdsségii korrelacio mutatkozott a hosszabb jatékids és a pozitiv
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értékelés valoszintisége kozott. Ez arra utal, hogy a hosszabb jatékids Osszefligg
azzal, hogy a jatékos egyre jobban elsajatitja a jatékot — és ez pozitivabb ér-
tékeléshez vezet. Az egyes jatékmechanikak eltéré PX-mintazatokat és érzelmi
profilokat eredményeztek az értékelésekben. Jatékelméleti szempontbol a Soulsli-
ke mechanikik ismétléds, alkalmazkodast igényld ciklusokra épiilnek: a gyakori
kudarc és az djraprobalkozas iterativ érzelmi ujrakalibralast hoz létre, amely
feler6siti mind a frusztraciot, mind a kiizdelem végén elért jutalom élményét.

A VR-jatékok értékelései hasonld hosszasszimetriat mutattak: a negativ
értékelések hosszabbak és korabban sziilettek, mint a pozitivak. Az érzelemkate-
goridkat a varakozas, a bizalom és az 6rom dominalta. A Soulslike jatékokkal
ellentétben a VR-elégedetlenség jellemzden fizikai diszkomfortra és technikai
instabilitasra vezethetd vissza, nem narrativ vagy mechanikai 4tlathatatlansagra.
Ebben az esetben a fiziologiai tiiréshatarok (T3) valtak a meghatérozo befolyasolo
tényezG6ve.

A liminéalis tereket tartalmazo6 jatékok varakozast, bizalmat és éromot val-
tottak ki, de félelmet és meglepetést is. Az érzelmi intenzitas nem explicit
fenyegetésbdl fakadt, hanem abbol, hogy a tér nehezen értelmezhetd, a helyzet
kiszamithatatlan. A homaélyos narrativa és az ismétl6ds, labirintusszert terek
megzavarjak a jatékos térbeli tajékozodasat. Ez sajatos, nehezen besorolhatod
érzelmi élményt eredményez.

A kompetitiv e-sport jatékokban eltérd idébeli mintazat figyelheté meg az
érzelmek kifejezésében. A tobbi vizsgélt almifajhoz hasonloan a negativ érté-
kelések szignifikansan hosszabbak voltak a pozitivaknal. Ugyanakkor — a VR-
és Soulslike jatékokkal ellentétben — a negativ és pozitiv értékelések nagyjabol
azonos jatékids utan sziilettek. Ez arra utal, hogy a kompetitiv jatékokban az
elégedetlenség nem feltétleniil vezet a jaték korai befejezéséhez: a jatékosok nega-
tiv élmények ellenére is folytatjak a jatékot, vagyis a frusztracié és a hosszi tava
elkotelez6dés egymas mellett is fennallhat. A negativ értékelések leggyakoribb
témai a csalés, a hackelés, a tiltasok, a szerver instabilitas, az akadozas és az
egyenlGtlen csapatosszeallitas voltak. Ezek a mintazatok arra utalnak, hogy a
kompetitiv jatékokban az érzelmi kifejezés a tartos ellenséges interakcidhoz és az
igazsagossag megitéléséhez kotsdik, nem a testi diszkomforthoz vagy a narrativ
bizonytalansaghoz. Az érzelmi intenzitas tehit nem a jaték nehézségébdl vagy
a tér bizonytalansagabol fakad, hanem abbél, ahogyan a jatékosok egyméssal
interakcioba lépnek — és abbol, hogy ez az interakci6 igazsdgosnak érzddik-e vagy
sem.

Az eredmények értelmezése

Az eredmények alapjan az olyan tervezési paradigmék, mint a Soulslike jatékok,
a VR-jatékok, a limindlis tereket tartalmazoé jatékok vagy a kompetitiv e-sport
jatékok, nem tekinthet6k pusztan kategoridknak vagy almiifaji cimkéknek. Ehe-
lyett kovetkezetes szabalystruktarakra épiilnek, amelyek meghatarozzak, hogyan
nehéz a jaték, hogyan épiil fel a tér, hogyan miikédik a tarsas interakcid, és
hogyan jutalmazza a jatékost. Ezeken a strukturalis kiilonbségeken keresztiil
befolyasoljak, hogyan alakul az érzelmi intenzitas, hogyan véltoznak a pozitiv
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és negativ értékelések az idG elérehaladtaval, és hogyan irjak le a jatékosok az
élményeiket.

Legyen r az értékelés indexe, i(r) a szerz6, g(r) az értékelt jaték, £(r) a jaték
TLG-je, k(r) a jatékos-interakcios modja, m(r) pedig a jatékhoz kapcsolodod
dominéns tervezési paradigma. Legyen R,,(,) az ehhez a paradigmahoz tartozo6
operator. A kordbban bevezetett operatorok megtartjék jelentésiiket: Qp,
az immerzi6 észlelésre gyakorolt hatasa, T, ,, a fiziologiai tolerancia, Ay, az
akadalymentesitési funkciok szerepe, Gy) a TLG strukturalis hatésa, My,
pedig a PEM strukturalis hatésa. Az értékelés tartalmi és érzelmi kimenete a
(25). egyenletben lathaté modon irhato fel.

D, = Ron(ry (Micoy (Getr) (Agir (e (Quiy (Sym)))) ) (25)

ahol D, = (Y,., L., 7, €,), valamint a korabban bevezetett jeloléseket hasznélja:
Y, € {0,1} az értékelés polaritasa, L, a hossza, 7, az értékeléskor mért jatékids,
&, pedig az érzelmi profil, Sy, pedig a g(r) jaték jatékmenet-struktirajat jeldli.

A paradigmaszint operator nem valtja fel a TLG- és PEM-struktirakat,
hanem tovabb pontositja, hogyan élik meg a jatékosok a jatékmenetet ezeken
beliil. A kiilénb6z6 tervezési paradigmak befolyéasoljak, hogyan talalkoznak
a jatékosok a kihivasokkal, hogyan értelmezik a kudarcot, hogyan érzékelik
a teret és az egymés kozti fesziiltséget. Az ismétlésre és fokozatos fejlgdésre
épils jatékokban az érzelmi élmény jellemzben a frusztracio és az elsajatitas
orome kozott ingadozik. Immerziv virtuélis kornyezetekben a megtestesiilés
és a fiziologiai korlatok keriilnek elGtérbe. A térbeli bizonytalansigra épits
jatékok megzavarhatjak a tajékozodast és a narrativ lezarast, sajatos varakozas-,
bizonytalansag- és kivancsisagi érzéseket keltve. A kompetitiv jatékokban a
hosszu tavi elkotelez6dés akkor is fennmaradhat, ha a jatékos elégedetlen — az
érzelmi intenzitas az igazsagossag megitéléséhez és a folyamatos versengéshez
kotdik.

Ezeken a paradigmakon ativelGen az érzelmi kifejezés nem véletlenszer,
hanem visszatéré mintézatokat mutat, amelyek a jaték szabalyaiba és interakcios
logikdjaba gyOkereznek még akkor is, ha ezek a mintazatok egyéni kiilonbségek
altal modosulhatnak. A paradigmaszintii operator a tobbrétegti modell legala-
csonyabb tervezési szintjét jeloli, amelyet még az egyének kozotti kiillonbségek
figyelembevétele nélkiil értelmeziink. Ebben az értelemben az érzelmek intenzi-
tasa, irdnya, id6beli alakulasa és a leirasok részletessége mind visszavezethets
arra, hogyan van felépitve maga a jaték. Mindez alapjan a hetedik tézis (T7) az
alabbiak szerint fogalmazhato meg.

T7. A kiilonbozs jatéktervezési paradigmak és almiifajok mikro-szintid
affektiv rétegként miikdnek a digitalis jatékkornyezetekben. Meghatarozzak,
hogyan élik meg a jatékosok a nehézséget, a teret és a versengést — és ezaltal
befolyasoljak az érzelmek megjelenését, idézitését, intenzitasat, valamint az
értékelésekben valo kifejezését. Ez a hatas a fels6 szint mitifajokon és a jatékos-
interakciés moédokon til is érvényesiil.
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T7-et alatamaszto publikacidok
A T7-et 10 publikicié tamasztja ala [GT20-GT29]:

[GT20] T. Guzsvinecz, ,Reactions to video games that evoke a fee-
ling of liminality,” FEntertainment Computing, p. 101048, 2025, doi:
101016/Jentcom2025101048 (Q2024: Q2 IF2024: 2.4)

[GT21] T. Guzsvinecz, ,,Topic modeling of positive and negative reviews of
soulslike video games,” Computers, vol. 14, no. 8, p. 339, 2025, doi: 10.3390/com-
putersl4080339. (Q2024: Q2 IF2024: 4.2)

[GT22] T. Guzsvinecz, ,, The soulsification of video games,” Multimedia Tools
and Applications, vol. 84, no. 15, pp. 14827-14853, 2025, doi: 10.1007/s11042-
024-19628-4. (Q2024: Ql IF2024: - IF2023: 3)

|GT23| T. Guzsvinecz, K. Németh, and J. Sztcs, ,,Topic modeling of virtual
reality game reviews using latent Dirichlet allocation,” in Proceedings of the 2025
IEEFE 29th International Conference on Intelligent Engineering Systems, 2025,
pp. 255-260, doi: 10.1109/INES67149.2025.11078210.
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5. Diszkusszio és kovetkeztetések

A jelen habilitacios tézisfiizetben bemutatott eredmények aldtamasztjak azt a
feltevést, hogy a digitélis jatékokban megfigyelhets UX és PX leginkabb egy
rétegzett interakcios rendszerként értelmezhetd, nem pedig elszigetelt tervezési
valtozok eredményeként. A megfigyelt viselkedés és az érzelmi kifejezés tobb
tényezG egyiittes hatasabdl alakul ki: abbol, hogyan valtoztatja meg az immerzid
az észlelést, milyen fizioldgiai korlatok lépnek fel, hogyan befolyasoljak a tervezési
dontések a hozzaférhetdséget, milyen struktturat kovet a jatékmenet, és hogyan
hatnak a miifaji keretek, az interakciés modok és az idGvel folyamatosan fejl6ds
tervezési paradigmak.

A perceptualis-kognitiv rétegen az immerziv technologidk befolyasoljék, ho-
gyan dolgozzék fel a felhasznalok a térbeli és auditiv informécidkat. A virtualis
kornyezetekben a tavolsagbecslés és a hanglokalizacié nem semleges kognitiv
folyamatok, mivel az immerzi6é szintje és a felhasznalok jellemzGi egyarant hat-
nak rajuk. Az immerzi6é tehat nem egyszertien javitja a teljesitményt, hanem
megvaltoztatja, hogyan érzékelik és értelmezik a felhasznélok a kérnyezetet.

A masodik réteg a részvételi feltételeket és korlatokat targyalja. Itt a testi
korlatok a részvétel hataraiként jelennek meg. A kiberbetegség visszatérs és
mérhet6 korlatként jelenik meg a kereskedelmi VR-diskurzusban, olyan eseteket
tiikrozve, ahol az immerzié hatasai meghaladjak az egyéni tiiréshatart. Az
akadéalymentesitési funkciok kiegészits tervezési valaszt kinalnak: szélesitik a
részvétel lehetGségét és alternativ modokat biztositanak a kiillénb6z§ jatékosok
szaméra. Fontos, hogy eloszlasuk a jatékok kozott nem véletlenszerd, és nem
magyarazhaté pusztan a megjelenési évvel: az akadalymentesitési megoldasok
alkalmazasa a TLG-khez és a jatékmodokhoz igazodik.

A strukturalis-affektiv rétegen a TLG-k nem csupéan az értékelések polaritésa-
ban és hosszaban kiilonboznek egyméstol, hanem abban is, hogyan valtoznak az
értékelések az idd elérehaladtaval és hogyan fejez6dnek ki az egyes érzelmek. A
PEM-ek tovabb alakitjak ezeket a mintazatokat azaltal, hogy atszervezik azokat
a tarsas és interakcios kereteket, amelyekben az élmények megfogalmazodnak —
anélkiil, hogy felviltanak a TLG-szintt strukturat. Végiil a tervezési paradigmak
és almifajok a tézisfiizetben vizsgalt legkonkrétabb tervezési szinten befolyésoljak
a PX-et. A jatékmechanikak kozotti kiilonbségek hatassal vannak az érzelmi
kifejezés intenzitasara, tonusara, idézitésére és formajara, még azonos TLG-n és
PEM-en beliil is.

Osszességében ezek az eredmények egy egységes modell képét rajzoljak ki,
amelyben a jatékos élménye egymasra épiil§ strukturalis rétegeken keresztiil
alakul addig, amig az értékelésekben megfigyelhets érzelmi és szoveges min-
tazatokban lathatova valik. Ez az Osszefiiggés a (26). egyenletben foglalhato
Ossze.

D, = Rnr) © M) © Gery 0 Agry © Tey,y © Qg (Sg(r)) (26)

ahol Qr,,, az immerzi6 észlelésre gyakorolt hatasa, Tc, ., a fiziologiai tole-

rancia, Ay, az akadalymentesitési funkciok szerepe, Gy(,) a TLG strukturalis

179
32



hatasa, Mg,y a PEM strukturalis hatasa, R, a tervezési paradigma haté-
sa, Sq(r) pedig a g(r) jaték jatékmenet-struktirajat jeloli, amelybdl a jatékos
élménye fakad. Mindezek mellett D, = (Y., L, 7, &), valamint a kordbban
bevezetett jeloléseket hasznélja: Y, € {0,1} az értékelés polaritasa, L, a hossza,
T, az értékeléskor mért jatékids, &, pedig az érzelmi profil.

A (26). egyenlet Gsszefoglalja a jelen habilitacios tézisfiizet kézponti elmé-
leti mondanivalojat. Az egyenlet azt irja le, hogyan jon létre a felhasznaloi és
jatékélmény a digitalis jatékokban. Az észlelés meghatérozza, hogyan érzékeli és
értelmezi a jatékos a virtualis kornyezetet. A testi korlatok és az akadalymen-
tesitési megoldasok befolyasoljak, meddig és hogyan tud valaki egy rendszert
hasznalni. A jatékmenet felépitése, a miifaj, az interakcidés mod és a tervezési
paradigma pedig alakitja, hogyan élnek meg és hogyan mesélnek el egy-egy
jatékélményt a jatékosok. Ezek a rétegek nem egymaéstol fliggetlen tényezdk:
egylitt hatarozzak meg, milyen élménnyé valik egy digitélis jaték.

Tudomanyos és gyakorlati vonatkozasok

A tézisfiizetben bemutatott eredmények az UX és PX kutatésahoz is hozzéjarul-
nak. A javasolt tobbrétegii modell 6sszekoti azokat a teriileteket, amelyeket a
szakirodalom eddig jellemzd&en kiilon kezelt: az észlelés vizsgalatat, a fiziologiai
korlatok elemzését, az akadalymentesség kérdéseit, a jatékmenet struktarijat és a
jatékos-diskurzus mintéazatait. Egyetlen fogalmi keretbe helyezve ezeket lehet&vé
valik, hogy az ember-szamitogép interakcio, a jatéktudomany és a szamitogépes
szovegelemzés eredményei ne parhuzamosan, hanem egymésra épiilve értelmez-
hetsk legyenek. A modell igy egy olyan kutatési irany alapjait rajzolja ki, amely
az interaktiv digitalis kornyezetekben megfigyelhets élményt rendszerszinten
kozeliti meg.

Modszertani szempontboél az eredmények azt is megmutatjik, hogy érdemes
kisérleteket, nagymintas szovegelemzést és formalis modellezést egyiitt alkalmazni.
Ha csak az egyiket hasznaljuk, csak részleges képet kapunk: a kisérletek feltarjak
az észlelés mechanizmusait, a korpuszalapt elemzések a valés jatékos-diskurzust,
a strukturalis modell pedig Osszekoti ezeket. Egylitt lehetévé teszik, hogy
az UX-et és PX-et ne csupan egyéni élményként, hanem Osszetett rendszerek
tulajdonsagaként vizsgaljuk.

A gyakorlatban az eredmények azt mutatjak, hogy a jo tervezés nem ke-
zelheti elszigetelten az egyes tervezési dontéseket. Az immerzié novelése nem
javitja automatikusan az élményt — a felhasznalok eltéréen reagalnak, és amit
az egyik jatékos élvezetesnek talal, a masiknak fizikai rosszullétet okozhat. Az
akadalymentesités akkor miikodik igazan, ha méar a tervezés korai szakaszaban
beépiil a jaték strukturajaba, nem utolag keriil hozza. A miifaj és az interakcios
mod pedig meghatarozza, milyen akadalymentesitési megoldasok bizonyulnak
valoban hasznosnak. Végiil az olyan dontések, mint a nehézségi rendszer, a
fejlédés liteme, a komfortbeallitasok vagy a kompetitiv egyensily, kézvetleniil
alakitjak, hogyan élik meg és értékelik a jatékosok a jatékot — ezért tudatos
tervezGi dontésként érdemes kezelni 6ket, nem mellékhatasként.
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Jovobeli kutatasi iranyok

A tézisfiizetben javasolt tobbrétegii modellbél tobb kutatasi irdny is kovetkezik.
Fontos kovetkezs 1épés annak vizsgalata, hogyan hatnak egymasra a kiilonb6z6
rétegek — kiilontsen immerziv kornyezetekben, ahol az, ahogyan a jatékos érzékeli
a kornyezetet, Osszetett moédon fonddhat Ossze a jatékmechanikikkal vagy a
tervezési paradigmakkal. Az ilyen vizsgalatok tovabb mélyithetik azt a képet,
hogyan alakitjak a jatékok strukturalis jellemz&i a jatékos élményét kiilonbo6z6
technologiai kornyezetekben.

Az idébeli valtozasok vizsgélata segithet megérteni, hogyan alakulnak a
tervezési paradigmak az iparagban, és hogyan fejlédnek a jatékosok érzelmi
elvarasai. A fiziologiai mérések és a nagymintés értékeléselemzés kombinélasa
pedig kozelebb vihet annak megértéséhez, hogyan kapcsolodik egymaéshoz az,
amit a jatékos fizikailag atél, és az, ahogyan ezt értékelésekben vagy kozosségi
forumokon leirja.

Végiil a tobbrétegli megkozelités kiterjeszthets a szorakoztato jatékokon tilra
is, mas interaktiv digitalis kornyezetekre. A fejleszts jatékok, a tréningszimula-
ciok és az oktatasi platformok szintén Osszetett feltételrendszerrel és tervezési
strukturakkal rendelkeznek, amelyek hatassal vannak az UX-re. A javasolt mo-
dell alkalmazésa ezekben a kdérnyezetekben kozos elveket tarhat fel, amelyek az
interaktiv rendszerek kiillonb6z6 forméaiban egyarant érvényesiilnek.

Altalanos kovetkeztetések

A digitalis jatékokban megfigyelhets felhasznaléi és jatékélmény osszetett jelen-
ség: tobb egymasra épiil6 réteg formalja. A jatékos-diskurzusban megfigyelhetd
érzelmi mintazatok ezért nem véletlenszerd ingadozasok vagy pusztan szubjektiv
benyomésok, hanem olyan strukturalt hatasok eredményei, amelyeket az észlelés
feltételei, a részvétel formai és a mogottes tervezési logika egylittesen alakitanak.
Azzal, hogy ezeket a rétegeket egyetlen modellben helyezem el, a tézisfiizetben
egy empirikusan megalapozott, informatikai szemlélet megkozelitést kindlok az
UX és PX vizsgéilatahoz. Az eredmények azt mutatjak, hogy a digitalis jaté-
kokban megfigyelhets élménybeli jelenségek vizsgalhatok technoldgiai, fiziologiai
és tervezési tényezdk strukturalt hatasaként. Ebben az értelemben az UX és
PX nem fiiggetlen hatasokként, hanem olyan tulajdonsagokként értelmezhetsk,
amelyek a rendszer rétegeinek egyiittmiikédésébdl jonnek 1étre.

Osszefoglalva: az eredmények azt mutatjak, hogy a digitalis kornyezetekben
megfigyelhetd UX és PX az észlelési, részvételi és tervezési strukturdk kolesonha-
tasaval magyarazhato — egyetlen egységes tobbrétegti modell keretein beliil.
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1 Introduction

The research presented in this habilitation thesis booklet conceptualizes digital
user experience (UX) and player experience (PX) as a complex human-computer
interaction system embedded within a multilayer model. Instead of viewing
digital environments and games as cultural or entertainment artifacts, they are
examined as interactive information systems. In this model, the player becomes
an integral part of the system rather than a passive observer. The game engine
provides stimuli, the player perceives and responds, and these responses are
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processed by the program logic. From an informatics perspective, this interaction
can be described as a feedback-oriented system connecting human perception
and software architecture.

UX and PX can therefore be treated as an outcome of an integrated interac-
tion system. Rather than separating immersive perception, accessibility, game
mechanics and emotional expression into independent research domains, they
are examined within a joint model. The approach combines formal modeling
with data analysis in order to better understand how these elements interact
and influence one another. The proposed model is organized into three distinct,
yet dynamically connected layers:

1. Perceptual-cognitive layer: In this layer, attention is directed to how
immersive technologies influence human perception and cognitive pro-
cessing. It is examined how spatial awareness, multisensory experience,
and response behavior are shaped when interaction takes place in digital
environments.

2. Constraint and inclusivity layer: The limitations and enabling con-
ditions of participation are considered in this layer. Physiological factors
such as cybersickness, as well as accessibility-related design decisions are
discussed as elements that shape who can meaningfully participate in a
given digital environment and under what conditions.

3. Structural-affective layer: Lastly, in this layer, the focus is placed
on how gameplay organization and rule structures relate to patterns of
emotional expression. Emotional responses observed in large-scale player
discourse are interpreted in connection with interaction design, genre
characteristics, and game design tendencies.

Together, these layers provide a structured perspective on digital UX and
PX. At the most immediate level, perception shapes how interaction is sensed
and interpreted. At an intermediate level, limitations and design decisions
influence participation. Lastly, at a broader level, gameplay organization and
genre characteristics contribute to recurring emotional and evaluative patterns.

1.1 Perceptual-cognitive foundations

At the most immediate level of interaction, immersive digital environments shape
how sensory information is presented and experienced. As such, immersive
virtual environments (IVEs) influence spatial cues, bodily orientation, and the
coordination of visual and auditory signals. As a result, perception in these
IVEs differs in important ways from traditional screen-based interaction.

The results presented in this habilitation thesis booklet show that immersion
combined with human characteristics affects egocentric and exocentric distance
estimation as well as auditory localization [GT1-GT15]. These differences
cannot be explained only by display quality or graphical detail. Instead, they
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indicate that perception itself is influenced by the conditions under which sensory
information is delivered and processed.

From an informatics perspective, immersive systems therefore modify the
conditions of interaction within the human-computer relationship. The way
information is generated and presented by the software affects how it is interpreted
and acted upon by the user. Therefore, UX and PX are shaped at the level of
perception, even before game mechanics or narrative elements begin to influence
emotional responses.

1.2 Constraints and inclusivity in digital environments

In interactive systems, constraints shape how people are able to engage with them.
In digital environments, these limits are shaped both by human characteristics
and by design decisions embedded in the software.

One important example is cybersickness in IVEs. The analysis of more than
one million user-generated reviews shows that motion-related discomfort is not
a rare or incidental complaint, but a recurring and recognizable aspect of virtual
reality (VR) experiences [GT16]. Such effects influence how long and how
comfortably users are able to engage with a system, and therefore have practical
implications for the design of IVEs.

Beyond physiological factors, accessibility features also play a central role
in shaping participation. Accessibility features are not implemented uniformly
across games, nor do their numbers increase over time. Instead, their presence
and depth are closely connected to genre characteristics and interaction styles.
This is especially true in multiplayer settings. This suggests that accessibility is
closely tied to the overall design logic of a game rather than being an optional
or secondary addition [GT17].

The results presented in this habilitation thesis booklet indicate that inclusive
participation emerges from the interaction between human characteristics, possi-
ble disabilities, and design choices. Participation is therefore not a fixed property
of a system, but a dynamic outcome shaped by how individual capabilities meet
structural design elements.

1.3 Structural-affective dynamics and modeling

UX and PX become visible not only in controlled experimental settings but also
in large-scale discourse data. The analysis of tens of millions of Steam reviews
shows that emotional expression in digital environments follows recognizable
patterns and cannot be explained by individual player differences alone. Instead,
these patterns are closely connected to structural properties of game design.
Here, three distinguishable, yet interconnected structural layers can be identified.

First, top-level genres (TLGs) function as macro-architectures. They have
different combinations of gameplay mechanics, pacing structures, interaction
densities, and narrative framing. Across millions of textual reviews, TLGs differ
from each other in emotional valence, review length, playtime at review, and
emotion composition [GT18]. Second, player engagement modes (PEMs) such as
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singleplayer, cooperative, multiplayer formats operate at a meso-structural level.
While TLGs describe content-oriented classifications, PEMs define interactional
architectures. They structure how players relate to the system and to each
other, thereby influencing patterns of emotional articulation, narrative framing,
and review timing independently of which TLG they belong to [GT19]. Third,
specific design paradigms and subgenres operate at a micro-structural level.
High-risk mastery-oriented configurations (e.g., Soulslike mechanics), immersive
VR games, spatial-ambiguity designs (liminal space games), and games with
competitive interaction (esports) influence difficulty, embodiment, social friction,
and reward structures. These paradigms generate distinctive, yet stable affective
signatures across titles and over time [GT20-GT29].

These results suggest that emotional discourse in digital environments is
shaped by multiple structural conditions. Emotional expression can therefore
be understood as the outcome of how rule systems, interaction structures, and
evolving design practices shape UX and PX. This perspective connects lower-level
perceptual and participation constraints with higher-level patterns observed in
collective discourse. Based on this idea, the following subsection introduces a
multilayer model.

1.4 The proposed model of user and player experience

The layers described above form a structured system in which each level influences
the next. At the most immediate level, perception shapes how interaction is
sensed and interpreted. Physiological factors and accessibility considerations
influence who can participate and under what conditions. At a broader level,
gameplay organization through TLGs, PEMs, and common design approaches
contributes to recurring emotional and evaluative patterns in player discourse.

The central proposition of this habilitation thesis booklet is that UX and PX
arise from the interaction of these layered conditions. Digital environments should
therefore not be seen merely as technical artifacts, but as human-system contexts
in which perception, participation, and design are closely interconnected. While
the analyses reveal clear and stable tendencies, the system is not deterministic:
individual differences and situational factors still introduce variation. This
multilayer perspective provides the conceptual foundation for the theses presented
in the following sections.

1.5 Structure of this booklet

The following sections present the habilitation theses derived from this integrated
perspective. Each of the aforementioned three layers forms a thesis group as
well as a section in this booklet. Therefore, Section 2 presents thesis group 1,
Section 3 details thesis group 2, and Section 4 shows thesis group 3. Lastly, a
short discussion and conclusions are presented in Section 5. It should be noted
that in each thesis group, each subsection corresponds to a thesis as well.
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1.6 Statistical reporting

All statistical variables and values are reported following the conventions outlined
in the Publication Manual of the American Psychological Association (7th ed.) [1].
Furthermore, the following statistical abbreviations are used throughout this
booklet:

e Mean (M),

e Standard deviation (SD),

e Median (Mdn),

e Standard error (SE),

e Confidence interval (CT),

e Sample size (N for participants, R for reviews),
e Probability (P),

e Significance level (p),

e Correlation coefficient (),

e Spearman rank correlation coefficient (r),
e Point-biserial correlation coefficient (rpp),
e Unstandardized regression coefficient (b),
e { statistic (),

e [ statistic (F),

e Mann-Whitney U statistic (U),

e Wilcoxon test statistic (W),

e Cramér’s V (V),

e Likelihood-ratio statistic (G),

e Chi-square statistic (x?),

e Analysis of variance (ANOVA).
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2 Thesis group 1: Perceptual-cognitive layer

2.1 The influence of immersion and human characteristics
on distance estimation in virtual environments

Background and related work

Distance estimation is a core component of visuospatial cognition in real and
virtual environments (VEs), influencing how spatial relationships are perceived
and acted upon, as it directly affects navigation, interaction with objects, and
task execution [2]. A widely used conceptual distinction separates egocentric
distance estimation (observer-to-target distance) from exocentric distance esti-
mation (distance between two targets independent of the observer). Previous
studies have shown that distance estimation in VEs can deviate from real-world
perception, and that immersive display technologies may alter the reliability and
structure of available depth cues [3—-6]. However, few controlled studies have
jointly investigated egocentric and exocentric distance estimation in identical en-
vironments while modeling immersion as a structural modifier of the underlying
distance estimation process [7]. The research related to the first thesis addresses
this gap by examining how different levels of immersion influence accuracy and
response behavior, while also considering human characteristics as moderating
factors.

Materials and methods

The measurements were conducted in a VE developed in Unity. The virtual room
measured 12m X 12m and contained minimal environmental cues to reduce
anchoring effects. Two versions of the VE were implemented: one for desktop
(controlled with the keyboard and mouse) and an immersive version for the Gear
VR head-mounted display (HMD). Participants were positioned at the center
of the virtual room and were not allowed to locomote; only the rotation of the
head/camera was permitted. The height of the virtual camera was calibrated
to match each participant’s real-world height. Object types were randomized
between cubes, cylinders and spheres to reduce shape-based estimation bias.

The sample size consisted of N = 229 participants, out of which
157 (Mgage = 19.80,5SDgge = 2.09) used the desktop display and 72
(Mage = 22.51,58Dg4. = 6.63) the Gear VR HMD. Out of males, 128 used
the desktop display, while 49 used the Gear VR HMD. In the case of females, 29
and 23 used these two display devices, respectively. During the measurements,
immersion level was the primary factor under investigation. In the case of
egocentric distance estimation, target objects were placed at distances between
25 cm and 160 cm in 15 cm increments. Each distance was presented twice, once
with a virtual ground scale and once without. During the exocentric distance
estimation, two objects were placed in front of the participant, and the distance
between them varied between 60 cm and 150 cm in 10 cm increments. Partici-
pants reported their distance estimates in centimeters, and response time was
recorded in milliseconds, but was converted to seconds later.
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Let ¢ denote the participant index and j the trial index. Let d; denote the

true distance presented in trial j, and let cfij denote the estimate reported by
participant i. The relative estimation error is defined as shown in Equation (1).

€ij = T (1)
]

An estimate is classified as accurate if the absolute value of the relative
estimation error does not exceed 10%. The accuracy indicator Y;; € {0,1},
where 1 represents an accurate estimate, is defined as shown in Equation (2).

1 if |e;;] < 0.10,
Yw:{ flewl = )

0 otherwise.

The probability of accurate estimation was modeled using logistic regression
[8]. The logit formula is defined as shown in Equation (3).

logit(p) = log <p> . (3)

L—p
The probability of accurate estimation was modeled using logistic regression
as shown in Equation (4).

logit(P(Yi; = 1)) = Bo + Bile + B2Gi + B3 D + BaHi + BsWi + B6 Vi + Brdj, (4)
where
e Y, is the accuracy indicator for participant 7 in trial j,
e [. €{0,1} denotes the immersion level associated with display device c,
e (&; denotes participant gender,
e D; denotes dominant hand,
e H; denotes participant height,
e 1V, denotes weekly gaming hours,
e V; denotes prior VR experience,

e d; denotes the true distance in trial j,

Bo, ..., 87 are regression coefficients.

Although Equation (4) is written in additive form for baseline modeling,
extended models including interaction terms were also estimated to examine
moderation effects. This allows immersion to be interpreted not only as an
additive predictor, but as a factor whose effects depend on its interaction with
other variables.
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Lastly, distance estimation time 7;; was modeled using linear regression, as
shown in Equation (5).

Tij =g + Ozlfc + OégGi + 043DZ' + Oé4Hl' + 045Wi + O‘G‘/i + Oé7dj + €ij, (5)

where T;; denotes the response time of participant ¢ in trial j, ap,..., a7 are
regression coefficients, and ¢;; denotes the residual term. Other variables are
defined above.

Emerged egocentric and exocentric patterns

The results show that immersion levels influenced the accuracy of distance
estimates. In the case of egocentric distances, participants with the Gear VR
HMD underestimated distances between approximately 40 cm and 130 cm,
whereas desktop display users produced more accurate or slightly overestimated
estimates at larger distances (130-160 cm). Estimation times were significantly
faster when using the HMD, with reductions between 35% and 57% depending
on distance category. However, in the case of exocentric distances, the use of
the Gear VR HMD reduced the probability of accurate estimation compared to
the desktop display. Depending on the target distance, the decrease in accuracy
probability ranged between 11.86% and 17.08%.

Importantly, the effect of immersion was not the same between the partic-
ipants. Gender and gaming experience significantly moderated accuracy. At
shorter distances (60 cm and 70 cm), male participants were 80.35% and 90.65%
more likely to provide accurate estimates, respectively. At larger distances
(110 cm and 120 c¢m), participants who played 3-4 hours per week were 83.49%
and 92.00% more likely to estimate distances accurately. In contrast, some
gaming groups showed lower accuracy. Compared to non-players, participants
who played 11-19 hours per week, were 65.94% less likely to estimate accurately
at 40 cm. Those playing 1-2 hours per week were also less accurate, being
64.97% and 55.38% less likely to provide accurate estimates at 40 cm and 145 cm,
respectively. Prior VR experience had a positive effect at shorter distances, with
such participants being 68.55% more likely to provide accurate estimates at
40 cm.

When interaction terms were examined, the magnitude of these effects in-
creased significantly. For example, participants playing 1-2 hours per week were
88.88% less likely to estimate accurately at 55 cm, while participants playing
11-19 hours per week without prior VR experience were 84.85% less likely to
provide accurate estimates at 100 cm. In some combined factor configurations,
the decrease in accuracy probability exceeded 90%.

These results indicate that immersion does not affect estimation accuracy
uniformly. Instead, its effects depend on factors such as the distance range, the
type of distance estimation, and individual user characteristics.
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The relationship between speed and accuracy

Based on the results, it can be stated that the average response time was lower
under immersive VR (I, = 1) than with the desktop display (/. = 0). This can
be written formally as in Equation (6).

However, the probability of accurate estimates decreased under immersion
(I. = 1) compared to the non-immersive version (I, = 0), as shown in Equa-
tion (7).

PY;=1|1I.,=1)<P(Y;; =1|1.=0). (7)

According to the results of Spearman’s correlation analysis as shown in
Table 1, no meaningful association was observed between response time and the
overall number of accurate egocentric/exocentric distance estimates.

Table 1: The correlation between response time and the number of accurate
distance estimates.

Egocentric estimation Exocentric estimation
Full dataset rs(4578) = —.067, p < .001  r4(4578) = .080, p < .001
Desktop display  r4(3138) = —.075, p < .001  r4(3138) = .070, p < .001
Gear VR HMD rs(1438) = .000, p = .989  74(1438) = .010, p = .520

Interpretation of the results

Instead of introducing a constant bias, immersion level changes how people
perceive and interpret spatial information. This effect appears in both egocentric
and exocentric distance estimation tasks. Importantly, these effects are not
identical across participants. The magnitude and direction of immersion-related
changes depend on individual characteristics such as gender, gaming experience,
and prior VR experience. Although response times were generally shorter in
the IVE, accuracy did not follow the same trend. The absence of a meaningful
correlation between response time and accuracy suggests that immersion does not
produce a classical speed-accuracy trade-off. Instead, immersion may influence
temporal and spatial processing independently.

Let H; = (G;, D;, H;, W;,V;) denote the vector of human characteristics
for participant i. Let Q;, represent an immersion-dependent transformation
operator that alters how distance estimates are distributed under immersion
level I.. The effect of immersion level on distance estimates is formalized in
Equation (8).

P(d;; | dj, I, H;) = Qr, (P(ci,-j | dj,Hz-)> : (8)

Therefore, immersion level, human characteristics, and distance together
shape the distribution of estimation errors. Consequently, VEs influence not
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only how stimuli are presented, but also how they are interpreted. Based on
these observations, the first thesis (T'1) can be formulated.

T1. Immersion level influences how users estimate egocentric and exocentric
distances and how quickly these estimates are made. These changes are not
uniform, as they can be further affected by individual characteristics. Perceptual
differences in virtual environments therefore result from the interaction between
immersion level and the user.

Publications supporting T1
T1 is supported by 10 publications which are the following [GT1-GT10]:

[GT1] T. Guzsvinecz, J. Szlics, and E. Perge, “Examining the influence
of egocentric distance on exocentric distance estimation in virtual environ-
ments,” Acta Polytechnica Hungarica, vol. 22, no. 7, pp. 163179, 2025, doi:
1012700/APH227202579 (Q2024: Q2 IF2024: 1.8)

[GT2] T. Guzsvinecz, J. Szlics, and E. Perge, “The effects of immersion level,
human characteristics, and a virtual scale on exocentric distance perception,”
Infocommunications Journal, vol. 17, Special Issue on Cognitive Infocommuni-
cations, pp. 24-31, 2025, doi: 10.36244/1CJ.2025.6.4. (Q2024: Q3 IF3p24:
1.3)

[GT3] T. Guzsvinecz, J. Szlics, and E. Perge, “How egocentric distance estima-
tion changes in virtual environments by using a desktop display or the Gear VR,”
Acta Cybernetica, vol. 27, no. 1, pp. 15-41, 2025, doi: 10.14232/actacyb.307740.

(Q2024= Q3  IF3p24: —)

[GT4] T. Guzsvinecz, J. Szlics, and E. Perge, “Examination of accurate exo-
centric distance estimates in a virtual environment using a desktop display and
the Gear VR,” Flectronics, vol. 13, no. 8, Art. no. 1536, 2024, doi: 10.3390/elec-
tronics13081536. (Q2024: Q2 IFa024: 2.6)

[GT5] T. Guzsvinecz, J. Sziics, and E. Perge, “Towards understanding exocen-
tric distance estimation skills of university students in virtual reality,” in Proc.
2024 IEEE 22nd World Symp. Applied Machine Intelligence and Informatics
(SAMI), 2024, pp. 481-486, doi: 10.1109/SAMI60510.2024.10432814.

[GT6] T. Guzsvinecz and J. Sziics, “Az egocentrikus és exocentrikus tdvolsdgok
kapcsolata az e-sporttal,” in II. PE ZEK E-Sport Szakmai Napok: Osszefoglalo
kiadvany, Zalai Egyetemi Sportegyestilet, 2024, p. 8.

[GT7] T. Guzsvinecz, E. Perge, and J. Szlics, “Examining the results of virtual
reality-based egocentric distance estimation tests based on immersion level,”
Sensors, vol. 23, no. 6, Art. no. 3138, 2023, doi: 10.3390/s23063138. (Q2023:
Q]_ IF2023: 3.4)

[GT8] T. Guzsvinecz, E. Perge, and J. Sziics, “Analyzing accurate egocentric
distance estimates of university students in virtual environments with a desktop
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display and Gear VR display,” FElectronics, vol. 12, no. 10, Art. no. 2253, 2023,
doi: 10.3390/electronics12102253. (Q2023: Q2 IF3023: 2.6)

[GT9] T. Guzsvinecz, J. Sziics, and E. Perge, “Egocentrikus és exocentrikus
tdvolsdgok vizsgalata virtudlis kérnyezetben,” in Orvosi informatika: A XXXVI.
Neumann Kollokvium konferencia-kiadvdnya, 2023, pp. 40-46, doi: 10.5281/zen-
0do.10432880.

[GT10] T. Guzsvinecz, J. Sziics, and E. Perge, “An overview of display
parameters and devices that affect egocentric distance estimation in virtual
environments,” in 9th Winter School for PhD Students in Informatics and
Mathematics, Association of Hungarian PhD and DLA Students, 2023, p. 17.

2.2 Affecting sound localization performance in immersive
environments

Background and related work

Sound localization plays an important role in spatial orientation in both phys-
ical and virtual environments. Although auditory perception is generally less
dominant than vision, humans are capable of identifying sound sources with
considerable accuracy under ordinary conditions, mainly within the horizontal
plane [9,10]. However, in VEs, spatial hearing acquires additional importance
since users depend on digitally generated cues to interpret and navigate simulated
spaces [11].

Research has shown that localization in VR is influenced by multiple inter-
acting factors [12,13]. These include well-known auditory mechanisms such as
interaural time and level differences as well as technological components like
head-related transfer functions (HRTFs) and display characteristics. At the
same time, human characteristics such as gender, prior experience with VR, or
sensory conditions may also influence performance.

Previous studies have examined desktop and immersive displays as well
as human characteristics and acoustic manipulation [14, 15], but these factors
have rarely been investigated together within the same controlled experimental
setting. Therefore, the results presented here address this gap by examining
how immersion and human characteristics jointly influence horizontal sound
localization performance in a dynamically scaled VE.

Materials and methods

A closed, rectangular virtual room was implemented in Unity for a desktop display
(with mouse interaction) and the Gear VR HMD (head-tracked orientation).
Eight identical spherical sound sources were positioned on a horizontal circle
at equal angular intervals, each located 8.3 virtual meters from the position
of the participant. During each trial, one randomly selected sphere emitted a
spatialized sound. No visual cue indicated the correct source. The same Sony
PlayStation 4 Platinum Wireless headset (with virtual 7.1 mode) was used in
the case of both display devices.
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To introduce controlled acoustic variation, the room size was randomly scaled
between 100% and 250% of its base dimensions after each trial. This manipulation
altered reverberation timing and reflection structure while preserving spatial
layout. A total of N = 110 participants completed 10 trials per display device.
Their characteristics were as follows:

e 86 male, 24 female,

103 right-handed, 7 left-handed,

59 wore glasses, 51 did not,

4 reported hearing issues, 106 reported none,
e 18 had prior VR experience, 92 had none,
e mean age: 24.92 years (SD = 7.42).

Localization accuracy was analyzed at two complementary levels. First,
trial-level correctness was examined using logistic regression [8]. As before, let
i denote the participant index and j the trial index. Let Y;; € {0,1} denote
whether the response of participant ¢ in trial j was correct (0 = incorrect,
1 = correct). Let ¢ € {0,1} denote the display device (0 = desktop display,
1 = HMD), and let I, denote the associated immersion level. Let T;; denote
response time and let R;; denote the room scaling factor for participant 4 in trial
4. The probability of a correct localization is modeled using logistic regression,
as shown in Equation (9).

logit(P(Yi; = 1)) = Bo + Bilc + BoTij + B3 Rij, 9)

where By, ..., B3 are regression coefficients.

Second, participant-level accuracy was examined using linear regression on
the number of correct responses [8]. Let K. denote the number of correct local-
izations provided by participant ¢ using display device c. Human characteristics
were incorporated as predictors as can be seen in Equation (10).

Kic = Bo + P1le + B2Gi + BsD; + PaZ; + BsU; + BeAi + 57Vi + €ie, (10)

where I. denotes immersion condition, GG; gender, D; dominant hand, Z; the use
of glasses, U; hearing problems, A; age, V; prior VR experience, and (g, ..., 87
are regression coefficients.

Third, x? tests [16] were used to assess the proportions of inaccurate sound
localizations.

Response time was analyzed using linear regression [8]. Let T;. denote the
total completion time of participant ¢ using display device c¢. The regression
model is defined as in Equation (11).

Tic = a9 + ol + Gy + azD; + ouZ; + asU; + agAi + o7 Vi + €5, (11)
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where ay, ..., a7 are regression coefficients and ;. denotes the residual term.
Lastly, the relationship between response time and localization accuracy was
examined using logistic regression, as shown in Equation (12).

logit(P(Yi; = 1)) = v0 + 11 T35, (12)

where ¢ and ~; are regression coefficients.

Accurate sound localization

Overall, the descriptive statistics of the results were similar across immersion
levels (MPC = 7.94, SDPC = 2.51; MHMD = 7.81, SDHMD = 2.43). The
regression analysis revealed that several human characteristics significantly
influenced localization accuracy. Male participants achieved higher accuracy
than female participants, with approximately 87% higher odds of producing
a correct response. On the desktop display, males significantly outperformed
females (W = 1562.5, p < .001). Using the HMD, this gap disappeared due to a
25% increase in the accuracy of females. This increase was significant between
the two groups of females, W = 33, p = .002.

Prior VR experience had a similarly strong positive effect, more than doubling
the odds of a correct answer (approximately +111%). In contrast, wearing glasses
reduced accuracy, corresponding to an approximately 32% decrease in the odds
of a correct response. The numerical difference was significant between these
two groups as well (W = 1110.5,p = .015). Age also showed a gradual negative
association with performance, with the odds of a correct answer decreasing by
roughly 2.8% per additional year.

In contrast, immersion level itself did not significantly affect correctness
probability. Similarly, dominant hand and self-reported hearing problems did
not produce statistically reliable effects on localization accuracy. Room size
scaling between 100% and 250% also did not significantly influence correctness
probability.

These results indicate that sound localization accuracy in the present task
was structured primarily by human characteristics rather than by the immersion
level or spatial scaling manipulation.

Structure of inaccurate sound localizations

Beyond binary correctness, the proportions of incorrect responses were ana-
lyzed. Using the desktop display, most errors occurred in adjacent frontal
positions, x?(6, N = 227) = 243.91, p < .001. The “in front, to the right”
and the “in front, to the left” directions were the two most frequently chosen
inaccurate directions. With the Gear VR HMD, this error distribution shifted
slightly, as “in front, to the left” became the most frequent error direction,
x2(6, N = 241) = 400.18, p < .001. A cross-condition Pearson chi-squared test
confirmed that the proportions differed significantly between immersion levels,
x2(6, N = 468) = 20.848, p = .001.
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These results show that immersion level does not merely scale performance
but modifies the spatial structure of localization errors. Thus, immersion appears
to influence the internal spatial reference frame rather than simply improving or
degrading overall accuracy.

Results regarding response time

The regression results revealed a pattern in how human characteristics influ-
enced localization accuracy. Male participants completed the localization task
significantly faster than female participants, requiring on average about 30%
less total time, corresponding to a reduction of roughly 33 seconds. Previous
VR experience showed a similar effect. Participants familiar with immersive
systems completed the task approximately 26% faster than inexperienced users.
Age, in contrast, was positively associated with response duration: each addi-
tional year increased total completion time by about 2.9 seconds. Participants
reporting hearing problems required significantly more time to complete the task
(approximately 52% longer total completion time). However, this result should
be interpreted cautiously due to the small subgroup size.

In contrast, immersion level itself did not have a statistically significant effect
on response time. Although participants were on average about 5% slower when
using the HMD, this difference was small and not statistically significant.

Finally, the regression coefficient linking response time to correctness was
not statistically different from zero (v; ~ 0). This indicates that longer response
times did not significantly affect the probability of a correct response. In other
words, a classical speed-accuracy trade-off was not observed in this task.

Interpretation of the results

The results show that immersion does not automatically improve or worsen
sound localization accuracy. Instead, performance differences are primarily
explained by human characteristics. Gender, prior VR experience, age, and
whether a participant wore glasses significantly influence localization accuracy
and response efficiency. Immersion level itself does not independently determine
overall performance, but it modifies the spatial structure of localization errors.
At the same time, response time differences are mainly associated with user
characteristics rather than with immersion level.

Let E;; denote the categorical error in trial j of participant i, repre-
senting the deviation between the reported and the true direction. Let
H,; = (G, D;, Z;,U;, A;,V;) denote the vector of human characteristics for par-
ticipant ¢. Let Q;, denote the immersion-dependent perceptual transformation
introduced in the previous subsection. The effect of immersion on the distribution
of directional errors is formalized in Equation (13).

P(Eij | I, Hi) = Qq, (P(Ei; | Hy)). (13)

As shown in Equation (13), the model parallels Equation (8) in T1 by

demonstrating that immersion changes the pattern of sound localization accuracy
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rather than simply improving or reducing overall performance. Based on these
results, the second thesis (T2) can be formulated.

T2. In a dynamically scaled virtual environment, sound localization is
influenced primarily by the characteristics of the user. Immersion level does
not independently determine overall accuracy, but acts primarily as a condition-
dependent transformation factor to directional errors and performance differences.
Variations in response speed reflect perceptual adaptation processes rather than
inherent limitations of the display device.

Publications supporting T2
T2 is supported by five publications which are the following [GT11-GT15]:

[GT11] T. Guzsvinecz, “The effects of display devices on locating sound
sources in virtual environments,” Acta Polytechnica Hungarica, vol. 22, no. 6,
pp. 153-170, 2025, doi: 10.12700/APH.22.6.2025.6.10. (Q2024: Q2 IF3p24:
1.8)

[GT12] T. Guzsvinecz, “How sound localization is affected in virtual environ-
ments,” Infocommunications Journal, under review. (Q2024: Q3 IF3024:
1.3)

[GT13] A. Szelinger and T. Guzsvinecz, “Hanghatds alapti akadalymentesitési
vizsgdlat virtudlis kornyezetben,” in Orvosi informatika: A XXXVI. Neu-
mann Kollokvium konferencia-kiadvdnya, 2023, pp. 27-33, doi: 10.5281/zen-
0d0.10461807.

[GT14] T. Guzsvinecz, M. Szabd, B. Halmosi, and C. Sik-Lényi, “The virtual
reality sound-based spatial orientation project,” in Proc. 12th IEEE Int. Conf.
Cognitive Infocommunications (CoglnfoCom 2021), 2021, pp. 11-16.

[GT15] T. Guzsvinecz, M. Szabd, and C. Sik-Lényi, “Haromdimenzids virtudlis
kornyezet fejlesztése hanghatas alapti HCI és akadédlymentesitési vizsgalatra,”
in Orvosi informatika 2020 — A XXXIII. Neumann Kollokvium konferencia
kiadvdnya, 2020, pp. 22-27.

3 Thesis group 2: Constraint and inclusivity
layer

3.1 Cybersickness as a recurring constraint in commercial
VR games

Background and research gap

In thesis group 1, immersion was described as a factor that changes how users
perceive space. The results showed measurable differences in spatial accuracy
and response time depending on immersion level. Cybersickness (also referred
to as visually induced motion sickness, VIMS) can be understood as a related

200
15



consequence of the same process. While T1 and T2 identified perceptual changes
that generally remained within tolerable limits, the present thesis suggests that
under certain combinations of design parameters and individual susceptibility
these effects may exceed physiological tolerance. In such cases, the effect is no
longer limited to changes in spatial judgement or response time, but can appear
as physical discomfort. From this perspective, cybersickness is not treated as
an isolated anomaly, but as a consequence of immersion that appears when the
interaction between technological conditions and human characteristics goes
beyond what users can comfortably adapt to.

Cybersickness is commonly explained by sensory conflict and postural insta-
bility theories [17]. Laboratory research has shown that HMDs produce higher
symptom intensity than desktop displays [18]. This is primarily due to intensified
optic flow and discrepancies between visual and vestibular input [19,20]. Still,
most studies are conducted in controlled laboratory environments with small
samples. While such environments are well suited to isolating causal mecha-
nisms, they offer only a partial understanding of how cybersickness unfolds in
commercial gaming contexts. There, exposure is prolonged, interaction patterns
are diverse, and individual susceptibility varies.

Consequently, the role of cybersickness outside laboratory environments has
received limited attention. To fill this research gap, the present thesis relies on a
corpus of more than one million user-generated video game reviews of first-person
(FPS) VR titles. This shift from laboratory environments allows cybersickness
to be understood not only as a perceptual problem, but also as a factor that can
limit participation in immersive human-computer systems. As a result, it can
influence how users engage with, evaluate, and adapt to such systems.

Materials and methods

The dataset consists of R = 1,375,125 English-language product reviews of
FPS VR games. The reviews were scraped from the Steam digital video game
distribution platform using the Steam API and automated scraping methods
implemented in the R environment. For each identified FPS VR title, up to 1,000
of the most recent English-language reviews were collected to ensure recency and
consistency across titles. Duplicate and empty entries were removed, resulting
in the final corpus. Topic modeling (BERTopic) combined with keyword-based
filtering was applied to identify cybersickness-related content. Reviews assigned
to topics with at least 20% motion-sickness keyword alignment were retained,
resulting in a focused subset of 1,898 reviews. Each review could easily be
grouped by polarity (positive or negative) as it was available in the metadata
and set by the reviewer.

In this section, the following statistical methods are used: y*-tests were
used to assess the proportions of the reviews [16]; significant differences between
groups were investigated with the Mann-Whitney U-test [21]; and point-biserial
correlation [22] was used to assess the relationship between review polarity and
playtime at review as well as between review polarity and review length (number
of words). The Valence Aware Dictionary and sEntiment Reasoner (VADER)
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compound sentiment scores were also assessed [23].

Let r denote the review index and let i(r) denote the author of review r. Let
Y, € {0,1} denote review polarity, where 0 indicates a negative review and 1 a
positive review. Let C'S, € {0,1} denote whether cybersickness is mentioned in
review 7 (0 = no mention, 1 = mentioned). Let 7, denote playtime at the time
of review and let L, denote the length of review r measured in words.

Analyzing the reviews of cybersickness

In the focused subset (R = 1,898), cybersickness was mentioned in 28.40% of
negative reviews and 15.62% of positive reviews. The difference in proportions
was statistically significant (x?(1, R = 1,898) = 34.95, p < .001, V = .135),
indicating a systematic but small association. Thus, cybersickness increases
the probability of negative evaluation, yet it does not deterministically imply
dissatisfaction. The relationship between cybersickness mention and negative
evaluation is formalized in Equation (14).

P(CS, =1|Y, =0)> P(CS, =1|Y, =1). (14)

Negative reviews containing cybersickness-related content were written earlier
(Mdn = 49.00, M = 909.60, SD = 6,024.32 minutes) than positive reviews that
also contain such content (Mdn = 322.00, M = 1,740.00, SD = 7,592.63
minutes). The difference was statistically significant, U = 445,167, p < .001,
r = .31. The observed playtime asymmetry based on sample averages can be
expressed as shown in Equation (15).

M(r, | CS, =1,Y, = 0) < M(r, | CS, = 1,Y, = 1). (15)

Although the point-biserial correlation between playtime and cybersickness
mention was statistically significant (rp(1,891) = —.074, p = .001, 95% CI
[—.119, —.030]), the effect size was negligible. Nevertheless, the negative direction
suggests that players mentioning cybersickness tended to have lower playtime at
the time of writing, which is consistent with the pattern of earlier disengagement
observed among negative reviewers.

Negative reviews mentioning cybersickness were longer (Mdn = 37.50,
M = 17226, SD = 115.74) than positive reviews mentioning it (Mdn = 21.00,
M = 5161, SD = 86.45). The difference was statistically significant,
U = 252,627, p < .001, r = .14. The observed length asymmetry based on
sample averages is formalized in Equation (16).

M(L, | CS, =1,Y, =0) > M(L, | CS, = 1,Y, = 1). (16)

The point-biserial correlation between review polarity and review length
within the cybersickness-related subset was positive and statistically significant,
rpp(1,896) = 122, p < .001, 95% CI [.078,.167]. Although the effect size was
small, the results suggest that negative experiences tend to produce longer and
more detailed reviews.
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Let V. denote the VADER compound sentiment score of review r. The mean
VADER compound sentiment score in the cybersickness-related subset — which
includes both positive and negative reviews — was .360 which indicated that
discomfort may coexist with positive appraisal. This average-based relationship
is defined in Equation (17).

M(V, | CS, =1) > 0. (17)

Interpretation of the results

Building on the perceptual model introduced in T1 and T2, immersion can
be represented as the operator Qp,,, which influences how sensory informa-
tion is processed. Cybersickness occurs when these changes exceed the user’s
physiological tolerance.

In the corpus related to this thesis, all analyzed titles were immersive VR
games. Therefore, the immersion level was fixed at 1 for all textual reviews.
Variation in cybersickness occurrence can thus be attributed to the interaction
between design parameters and individual susceptibility.

Let g(r) denote the game reviewed in r. Let Dy, denote the design parameter
configuration of game g(r) (e.g., locomotion mode, optic flow intensity, comfort
settings), and let S,(,) denote the gameplay stimulus profile that generates
sensory motion cues. Let T¢,,, denote the physiological tolerance operator
parameterized by the susceptibility of the author of review r. The probability of
cybersickness-related content can then be expressed as shown in Equation (18).

P(CS, =1]Dy(ry, Tey(Quy (Sor))) = 9(Dgrys TCiys Qigy) s (18)

where g(Dy(ry, Te,.,,» Qr,,,) summarizes how game design, individual toler-
ance, and immersion level jointly influence the probability that cybersickness is
mentioned in a review. Therefore, in the multilayer model, cybersickness repre-
sents the point at which perceptual change becomes a constraint on participation,
thereby activating the constraint and inclusivity layer.

T3. Cybersickness is a recurring limitation in commercial VR games. It arises
from the interaction between immersive presentation and individual susceptibility,
increases the likelihood of negative reviews and earlier disengagement, and often
leads to more detailed descriptions of user experience. However, it does not
necessarily prevent positive emotional responses. This suggests that cybersickness
acts as a participation barrier that affects users differently in immersive virtual
environments.

Publication supporting T3
T3 is supported by one publication [GT16]:

[GT16] T. Guzsvinecz, K. Németh, and J. Szlics, “Cybersickness in Commercial
First-Person Virtual Reality Video Games: Analysis of Player Experience in
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Steam Reviews,” Virtual Reality, vol. 30, art. 83, 2026, doi: 10.1007/s10055-026-
01353-y. (Q2024: Q1 IF3g24: 5)

3.2 Accessibility as structural participation constraint
Research background and gap

Accessibility in video games has usually been examined from guideline-based or
assistive-technology perspectives with a strong focus on sensory, motor, and cog-
nitive disability categories [24]. Although several design methodologies including
the guidelines of the International Game Developers Association Game Accessi-
bility Special Interest Group (IGDA GA SIG) exist [25], commercial video games
are not universally accessible [26]. This is partly because mainstream games
contain interaction structures and design priorities that differ from controlled
laboratory or serious-game contexts [27].

Most previous studies either investigated serious games or analyzed a limited
number of mainstream titles [28]. As a result, there is little large-scale evidence
on how accessibility features are distributed across TLGs, release periods, and
engagement modes in commercial games as well as digital environments. This
creates a gap between accessibility recommendations and how these features are
actually implemented across TLGs in practice. This thesis addresses this gap.

Materials and methods

A dataset was constructed consisting of N = 260 commercial PC video games (25
per TLG, except Experimental games with n = 10), categorized into 11 TLGs
defined by the Steam platform [29]. Release years ranged from 2002 to 2023.
Accessibility features were coded manually and grouped into three disability
domains as seen in the literature: sensory, motor, and cognitive accessibility
features. Coding was based on in-game inspection where possible, supplemented
by official documentation and store descriptions when necessary.

Let Fék) € Ny denote the number of accessibility features of domain % in
game g, where k € {1, 2,3} corresponds to sensory, motor, and cognitive features,
respectively. The total accessibility load of a game is defined as shown in
Equation (19).

3
Pl =N " F®, (19)
k=1

Games were grouped by TLG, release year, and mode of engagement (sin-
gleplayer only or having a multiplayer mode). Differences in proportions were
examined using log-likelihood ratio tests (G-tests) [30], with effect sizes reported
using Cramér’s V [31]. Regression analyses and one-way ANOVA were used
to identify predictors of accessibility feature counts, while a two-way ANOVA
examined the interaction between TLG and accessibility feature type.
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The proportion of accessibility features

Significant differences were observed in the proportions of accessibility
features between TLGs. This is true in the case of the full dataset
(G(160, N = 1,257) = 371.99,p < .001,V = .170), sensory accessibility fea-
tures (G(80, N = 666) = 222.59,p < .001, V' = .195), and cognitive accessibility
features (G(50, N = 157) = 110.51,p < .001,V = .369). On the contrary, the
proportion of motor accessibility features did not differ significantly between the
TLGs, G(10, N =434) = 4.79,p = .904,V = .150.

Release year did not significantly influence the proportion of accessibil-
ity features (all p > .90 in the G-tests). However, modes of engagement
showed significant differences between the features of various accessibility
types: full dataset (G(16, N = 936) = 1,119.8,p < .001), sensory features
(G(8, N = 487) = 164.2,p < .001), motor features (G(1, N = 333) = 448.02,
p < .001), and cognitive features (G(5, N = 116) = 30.334,p < .001).

The effects of TLGs, release dates, and modes of engagement on
accessibility features

Regression analyses showed that TLG had a significant effect on the number of
accessibility features across all three types. Compared to action games (reference
category), most other TLGs contained significantly fewer sensory accessibility
features. One-way ANOVA confirmed significant TLG-level differences in sensory
accessibility features, F'(10, 249) = 6.928,p < .001. A similar pattern emerged
for motor accessibility features, F'(10, 249) = 2.296,p = .013, and cognitive
accessibility features, F'(10, 249) = 2.011,p = .038.

A two-way ANOVA examining the interaction between TLG and accessibility
feature type showed significant main effects for TLG, F(10, 812) = 17.300,
p < .001, and accessibility feature type, F'(2, 812) = 148.200,p < .001. These
results indicate that accessibility features vary across TLGs and feature type
rather than being randomly distributed.

Release year did not have a significant effect on the number of accessibility
features, b = —0.003, SE = 0.015, t = —0.256, p = .798. Although descriptive
trends suggest a gradual increase over time, the statistical tests did not con-
firm a systematic time-related effect in this dataset. Therefore, the growth in
accessibility features cannot be explained simply by the passage of time.

Regarding modes of engagement, regression results showed that compared to
singleplayer-only games, games supporting multiplayer contained significantly
more motor accessibility features, b = 0.37, SE = 0.18, t = 2.10, p = .036. No
significant mode-related effects were found for the other accessibility feature

types.

Interpretation of the results

Within the multilayer model presented in this booklet, accessibility features can

be understood as design elements that broaden participation. Since immersion

influences perceptual processing (T1-T2), and cybersickness occurs when these
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changes exceed physiological tolerance (T3), accessibility features play a comple-
mentary role in the system. They provide alternative ways of interacting with
digital environments or games, helping to reduce barriers and enabling a wider
range of players to remain engaged.

Let TLG 4y, MOE,, and RY, denote the top-level genre, mode-of-engagement
class, and release year of game g, respectively. The structural determinants of
accessibility implementation are expressed as can be observed in Equation (20).

Fi%® = h(TLGy, MOE,, RY,), (20)

where h captures TLG- and mode-related design tendencies. The effect of
accessibility features in the multilayer model is represented by the operator A,
defined in Equation (21).

Ay = A(F;"™) = A(h(TLGy, MOE,, RYy)). (21)

Accessibility should not be understood merely as a checklist of features.
Rather, it influences how easily players with different abilities and sensitivities
can remain engaged. Although participation was not directly measured in this
dataset, the multilayer model suggests the monotonic relationship shown in
Equation (22). Let X; € {0,1} denote continued participation of player i, where
0 indicates discontinuation and 1 indicates continued play, let H; denote the
vector of player characteristics, and let g(i) denote the game played by player 1.

P(X; = 1] Fio8 Hy) = f(Fio8, Hy), (22)

where f is expected to increase with F;E’;)al, meaning that with more accessibility

features — holding other factors constant — a wider range of players can remain
engaged. In this sense, accessibility acts as a design layer that helps reduce
participation barriers caused by perceptual changes and physiological limits.
Based on these results, the fourth thesis (T4) can be formulated.

T4. Accessibility implementation in commercial video games follows pat-
terns related to top-level genre and modes of engagement rather than appearing
randomly. Within the multilayer model of user and player experience, accessi-
bility features broaden participation by reducing barriers related to perceptual
differences and physiological limits.

Publication supporting T4

T4 is supported by one publication [GT17]:

[GT17] T. Guzsvinecz, “Video game accessibility in the top-level genres,”
Universal Access in the Information Society, vol. 24, pp. 1479-1494, 2025, doi:
101007/810209—024—01154—7 (Q20242 Q2 IF2024: 2.7)
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4 Thesis group 3: Structural-affective layer

4.1 Top-level genre as affective macro-architecture
Research background and gap

The previous thesis groups presented a multilayer structure of UX and PX
by describing how these experiences are shaped by perceptual processes and
constraints of the system. However, these layers primarily address the internal
organization of experience. They do not fully explain how such structured
experiences become visible in player communication. Player expression therefore
represents an additional analytical layer: the discursive-affective layer. This layer
becomes observable through large-scale textual review corpora, where players
articulate their experiences, evaluations, and emotions.

TLGs are more than simple classificatory labels. They reflect recurring
combinations of game mechanics, pacing, interaction patterns, and narrative
structures. In doing so, they shape the experiential conditions under which
perception, participation, and tolerance limits operate. Despite their central role
in both game design and player expectations, large-scale comparative analyses
of emotional expression across TLGs remain relatively rare. Existing studies
have typically focused on individual game mechanics, specific franchises, few
TLGs and subgenres, or only on small samples of titles [32-34]. Less attention
has been devoted to whether emotional valence, review length, and sentiment
composition differ between the TLGs in video games. The present habilitation
thesis addresses this gap by analyzing more than 30 million Steam reviews across
11 TLGs, thereby conceptualizing TLG as an affective macro-architecture that
shapes players’ emotional discourse.

Materials and methods

Using the Steam API, the most recent 1,000 English-language reviews per game
were scraped between August and September 2022. Reviews were grouped
according to the 11 TLGs defined in the Steamworks documentation [29]: action,
adventure, casual, experimental, puzzle, racing, role-playing games (RPGs),
simulation, sports, strategy, and tabletop.

Sentiment analysis was conducted using the NRC Emotion Lexicon via the
syuzhet package in R [35,36]. For each review r, emotional valence and eight
discrete emotion categories (anger, fear, anticipation, trust, surprise, sadness, joy,
disgust) were extracted. Review length (word count), review polarity (positive
or negative), and playtime at review were also gathered. Depending on the
type of the statistical analysis, Wilcoxon rank-sum tests [21], Wilcoxon signed
rank [37], and ANOVA [38] were used to compare the reviews between the TLGs.
Emotional trajectories across narrative time were estimated by segmenting each
review into 25 equal-length chunks and computing mean valence per segment.
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Genre-level differences in affective expression

Across the full corpus of over 30 million reviews, significant differences were
observed between TLGs in emotional valence, review length, playtime at review,
and discrete emotion composition.

Review length differed significantly between TLGs, F(10, 31,653,105) = 1,604,
p < .001. Mean word counts ranged from M = 58.9 (racing) to M = 71.4 (RPG),
with a global median of 22 words. When grouped by polarity, negative reviews
were consistently longer than positive ones across all TLGs, 815,690,850 < W <
4,286,245,480,401, all p < .001. The median word count was 19 for positive
reviews and 40 for negative reviews. Mean values were M,,s € [52.7,64.5]
for positive and M,,., € [83.4,100.3] for negative reviews, indicating increases
between 33.28% and 39.45% depending on the TLG.

Playtime at review also differed significantly between TLGs, F(10,
31,566,213) = 1,024, p < .001. Mean playtime ranged from 708.5 minutes
(experimental) to 2,285.3 minutes (simulation). The overall median playtime
was 344 minutes. When grouped by polarity, the comparison showed that posi-
tive reviews were written significantly later than negative ones in every TLG,
416,352,427 < W < 2,286,496,892,581, all p < .001. The median playtime was
406 minutes for positive reviews and 124 minutes for negative reviews.

Emotional valence decreased over narrative time across all TLGs. The largest
decrease between the beginning and end of reviews occurred in experimental
games (40.66%), followed by puzzle (30.30%) and adventure (23.93%). The
smallest decrease was observed in sports games (0.40%). When grouped by
review polarity, the valence differences between positive and negative reviews
were significant in all TLGs, 300 < V < 325, all p < .001.

Emotion percentages differed between the TLGs. For example, anger was
highest in action games (10.62%); fear peaked in action games (12.24%); joy
(18.43%), sadness (13.32%), and surprise (9.20%) were the highest in experimental
games; trust was the highest in tabletop (19.054%) and simulation (19.053%);
disgust was most prominent in racing (6.29%) and sports games (6.21%). Most
pairwise TLG comparisons were strongly significant (all p < .001), with only a
limited number of non-significant contrasts. These results show that different
TLGs have different review length, temporal engagement patterns, emotional
valence trajectories, and various emotion distributions.

Interpretation of the results

Within the multilayer model presented in this habilitation thesis booklet, TLGs
can be understood as macro-level structures that shape how experiences of users
and players are expressed publicly. The results show that differences between
TLGs are not only statistically significant but also have different patterns.
Dissatisfaction tends to lead to longer and more detailed reviews, whereas
positive ones are usually expressed more concisely. Positive reviews appear after
longer playtime, while negative ones tend to form earlier. Reviews also often
begin with a relatively positive tone, with sentiment becoming more negative as
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the text progresses. These patterns suggest that TLGs do not directly determine
individual emotions. Instead, they influence how emotional experiences are
expressed and structured in the reviews of players. These results indicate that
large-scale emotional patterns in reviews reflect underlying gameplay structures
rather than random fluctuations in the review data.

Let r denote the review index, i(r) the player who authored review r, g(r)
the game evaluated in review r, and ¢(r) the TLG of game g(r). Let Y,. € {0,1}
denote review polarity, where 0 indicates a negative and 1 a positive review, L,
review length, 7, playtime at the time of review, and &, the extracted emotional
profile of review r. The operators Qr,,,, Tc,,,, and Ay keep their earlier
meanings, representing the effects of immersion on perception, physiological
tolerance differences between users, and the role of accessibility features. Let Gy,
represent the structural influence of TLGs. Under this formulation, the discursive-
affective output of review r can be expressed as the layered transformation shown
in Equation (23).

D, = Gugr) (A (Tew Qi (Sy))) = o Lo &), (23)

where S,y denotes the gameplay structure of game g(r) that gives rise to the
player’s experience.

T5. Top-level video game genres function as affective macro-structures within
digital gaming environments. They influence the length, polarity, playtime at
review, and emotional composition of player reviews by shaping the conditions
in which players experience and evaluate games.

Publication supporting T5
T5 is supported by one publication [GT18]:

[GT18] T. Guzsvinecz and J. Sziics, “Length and sentiment analysis of reviews
about top-level video game genres on the Steam platform,” Computers in Human
Behavior, vol. 149, p. 107955, 2023, doi: 10.1016/j.chb.2023.107955. (Q2023:
D1 IF2023: 9)

4.2 Player engagement modes as meso-structural affective
operators

Background and research gap

While PX research has examined the emotional and psychological effects of
video games [39], previous studies have mainly focused on genre-level differences,
specific mechanics, or individual design elements [32,40,41]. However, little
attention has been devoted to the structural role of PEMs, such as singleplayer,
cooperative, or other, multiplayer formats. While TLG describe content-oriented
macro-categories, PEMs define interactional architectures. They structure how
players relate to each other, to the system, and to progression dynamics. These
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interactional constraints can reorganize emotional articulation independently of
whether a game belongs to a TLG.

Previous literature has shown that review length, polarity, and emotional tone
vary across some TLGs and subgenres [32]. However, few studies have examined
how different engagement modes influence discursive-emotional expression [42—44].
Most existing work considers only a limited set of engagement modes rather than
the full range. This gap is important because contemporary digital environments
increasingly blur genre boundaries while still maintaining distinct interaction
formats. To address this issue, this habilitation thesis examines how the 10
PEMs relate to review length, playtime at review, emotional valence trajectories,
and discrete emotion distributions across more than 15 million Steam reviews.

Materials and methods

A total of R = 15,023,567 textual reviews were scraped using the Steam API,
restricted to the 1,000 most recent reviews per game. Reviews were grouped
into 10 PEM categories based on platform metadata tags [29]: 4 player local,
asynchronous multiplayer, co-op, co-op campaign, local co-op, local multiplayer,
massively multiplayer, multiplayer, online co-op, and singleplayer.

Text preprocessing included English language filtering, lowercasing, punctua-
tion removal, stopword removal, and token normalization. Emotional analysis
was conducted using the NRC Emotion Lexicon via the syuzhet package in
R [35,36]. As with T5, the number of eight different emotions (anger, anticipa-
tion, disgust, fear, joy, sadness, surprise, trust) and sentiments (positive/negative)
was extracted.

Statistical procedures included: one-way ANOVA for PEM-level comparisons
as well as two-way ANOVA for including review polarity [38], Tukey’s Honestly
Significant Difference (HSD) [45] and Fisher’s Least Significant Difference (LSD)
[46] post hoc tests, Spearman rank correlation [47] for correlation between review
length and playtime at review, as well as narrative valence trajectory modeling
using 25 equally partitioned text segments [36].

Results regarding PEMs

Review length differed significantly between the PEMs, F'(9, 15,032,557) =
1,418, p < .001. Review type also showed significant effects, F'(1, 15,032,547) =
205,558.53, p < .001. It also had a significant interaction, F'(9, 15,032,547) =
82.77,p < .001. Negative reviews were consistently longer between the PEMs.
Median word counts ranged between 14 — 22 words for positive reviews and
30 — 51 words for negative reviews. Asynchronous multiplayer showed the highest
mean review length (M = 67.26), whereas local multiplayer showed the lowest
(M = 50.17).

Playtime at review also had significant differences between the PEMs, F'(9,
15,000,879) = 2,567,p < .001. Two-way ANOVA confirmed significant main
effects of review polarity as well, F(1, 15,000,869) = 5,632.20,p < .001. It also
had significant interactions, F'(9, 15,000,869) = 43.03, p < .001. Median playtime
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before review ranged between 392-565 minutes for positive reviews and between
126-196 minutes for negative reviews. Massively multiplayer games had the
highest mean playtime at review (M = 5,984.80 minutes).

Spearman correlation coefficients indicated no meaningful association between
review length and playtime at review, despite statistical significance due to large
sample size, 75 € [—.078,.012],p < .041.

Emotional valence declined across narrative time segments. The largest
decrease was observed in asynchronous multiplayer reviews (49.88%). In contrast,
small increases occurred in co-op campaign (+0.32%), massively multiplayer
(+6.71%), and online co-op (+6.91%).

All eight NRC emotions differed significantly across the PEMs. Anger was
around 10% across PEMs, while anticipation ranged between approximately
18 — 19%. Trust reached its highest level in the co-op PEM (19.00%), and
joy was most prominent in local multiplayer (18.22%). Fear was highest in
co-op campaign (12.08%), whereas disgust reached its highest value in massively
multiplayer (6.50%). Finally, asynchronous multiplayer had the highest mean
number of positive sentiment words (M = 3.33).

Interpretation of the results

Let r denote the review index, i(r) the author of review r, g(r) the game
evaluated in review 7, ¢(r) the top-level genre of game g(r), and k(r) its player
engagement mode. Let D, = (Y,, L,, 7., &) denote the discursive-affective
output associated with review r. Furthermore, let My, represent the structural
influence of PEM. The operators QIi(r)’ Tciys Agr), and Gy(ry retain their
earlier meanings, referring to immersion-related perceptual changes, differences
in physiological tolerance, accessibility features, and TLG-level structure. Under
this formulation, the discursive-affective output of review r can be expressed as
shown in Equation (24).

D, = M) (Ger) (gt (Terer Qi (S)))) ) (24)

where D, refers to the review-level discursive-affective output introduced earlier,
including review polarity Y, € {0, 1}, review length L,, playtime at review 7,
and emotional profile &,. Lastly, Sy(,) denotes the gameplay structure of game
g(r) from which the player’s experience emerges. The PEM-level operator does
not replace the TLG-level structure but further shapes how player experiences
are expressed in public reviews. Across engagement modes, three regularities
appear: negative reviews tend to be longer, they are written earlier in playtime,
and emotional profiles differ between PEMs. Based on these results, the sixth
thesis (T6) can be formulated.

T6. Player engagement modes form an intermediate structural layer in
digital gaming environments. In addition to top-level genre, they influence
review length, when they are written, and their emotional expression. As a
result, they shape how player experiences are communicated in public reviews.
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Publication supporting T6
T6 is supported by one publication [GT19]:

[GT19] T. Guzsvinecz and J. Sziics, “Emotions in Play: A Length and Senti-
ment Analysis of Steam Reviews by Player Engagement Mode,” Heliyon, under

review. (Q2024: Q]. IF2024: 3.6)

4.3 Design paradigms and subgenres as micro-structural
affective operators

Background and research gap

While T5 conceptualized TLG as a macro-level affective architecture and T6
showed that PEMs operate as meso-structural interactional regulators, neither
level fully explains how design paradigms shape the ways players articulate their
experiences. Game design paradigms such as Soulslikes, liminal-space games,
immersive VR titles, or competitive esports are more than simple subgenres.
They represent various design philosophies. Each establishes its own logic of
difficulty, space, narrative clarity or ambiguity, embodiment, social dynamics,
and risk-reward balance. In doing so, they subtly but consistently structure how
players think, feel, and speak about their experience.

A series of earlier studies addressed multiple dimensions of design paradigms
in digital games from complementary perspectives. Research in this area ex-
amined the affective characteristics of liminal-space games [GT20]. Related
work explored thematic configurations in Soulslike games through topic modeling
[GT21] and conceptualized the process of “Soulsification” at the industry level
[GT22]. Further studies analyzed emotional structures in VR-related player
discourse, including the distribution and thematic organization of emotions in VR
reviews [GT23] and the relationship between design-mechanic combinations and
positive reception from a game-theoretic perspective [GT24]. The distribution
and thematic structure of emotions in VR reviews was also examined in a com-
plementary analysis [GT25], together with emotional and textual asymmetries
in VEs [GT26]. Additional work investigated the structure of competitive player
discourse through a preliminary analysis of esports reviews [GT27] and analyzed
sentiment structures and emotional patterns in Soulslike games [GT28]. Finally,
the relationship between specific design-mechanic combinations and positive
reception was examined from a design perspective [GT29].

Although these studies examined different design paradigms and method-
ological perspectives, they were conducted independently. What is still missing
is a unified explanation of how such paradigms shape emotional experiences
in digital environments. The present habilitation thesis addresses this gap by
identifying regular patterns across these paradigms and placing them within the
multilayer operator model.
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Materials and methods

In this section, the results derived from multiple large-scale textual corpora are
synthesized. The analysis draws on 993,932 Soulslike reviews examined through
sentiment analysis, 418,483 English-language Soulslike reviews processed via
topic modeling, and 1,635,919 VR reviews analyzed in terms of sentiment, lexical
frequency, and correlational structure. The dataset further includes 66,858
liminal-space game reviews and 8,425 e-sport reviews covering Counter-Strike 2,
Apex Legends, PUBG: Battlegrounds, and Dota 2.

As previously, all corpora were collected from the Steam platform. Emotional
valence and eight different NRC emotions were calculated using the syuzhet
package in R [35,36]. Topic structures were identified with Latent Dirichlet
Allocation (LDA) [48], while correlation [47] and regression analyses [8] were used
to examine the relationships between playtime, review polarity, and sentiment
composition.

The goal of this seventh habilitation thesis is not to restate individual
results, but to identify structural regularities across these design paradigms.
Although each paradigm shows its own affective and discursive configuration, their
comparison reveals how differently structured design logics generate measurably
different emotional and textual patterns.

Results regarding various design paradigms

Soulslike games showed strong emotional polarity separation. Negative reviews
showed below-zero valence, while positive reviews had elevated joy, trust, and
anticipation. Topic modeling revealed that positive reviews concentrate on atmo-
sphere, aesthetics, and challenge mastery, whereas negative ones focused on game
mechanics and technical frustration. Moreover, slight-to-moderate correlations
were found between increased playtime and the probability of a positive review
which indicated that prolonged exposure may transform frustration into mastery.
Similarly, different game mechanics yielded distinct PX patterns and emotional
profiles in the reviews. From a game-theoretic perspective, Soulslike mechanics
instantiate repeated strategic adaptation cycles. Frequent failure followed by
retry creates iterative emotional recalibration. This design structure intensi-
fies both frustration and eventual reward. Repetition built into the mechanics
therefore shapes the emotional arc of the experience.

VR reviews showed similar length asymmetry as negative reviews were longer
and written earlier than positive ones. Emotion distributions were dominated
by anticipation, trust, and joy. Unlike Soulslike games, VR dissatisfaction often
centers on physical discomfort and technical instability rather than narrative
or mechanical opacity. Here, physiological tolerance thresholds (T3) became
dominant modulators.

Liminal-space games evoked anticipation, trust, and joy, but also fear and
surprise. Emotional intensity emerged from spatial ambiguity and ontological
uncertainty rather than explicit threat. Narrative opacity and architectural
repetition reorganized cognitive mapping processes, which consequently produced
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a distinctive affective topology.

Competitive esports games showed a different temporal pattern in how emo-
tions were expressed. As in the other examined subgenres, negative reviews were
significantly longer than positive ones. However, unlike in VR and Soulslike
games, negative and positive reviews were written after roughly the same amount
of playtime. This suggests that in competitive games, dissatisfaction does not
necessarily lead to early abandonment. Instead, players often continue to play
despite negative experiences, meaning that frustration and long-term engagement
can coexist. Negative reviews also frequently emphasized cheating, hacking, bans,
server instability, lag, and competitive imbalance. These patterns indicate that
emotional articulation in competitive games is linked to persistent adversar-
ial interaction and fairness perception rather than to embodied discomfort or
narrative ambiguity. Emotional intensity is generated through social-friction
mechanisms embedded in multiplayer architectures.

Interpretation of the results

Based on the results, design paradigms such as Soulslike games, VR games,
liminal-space aesthetics, or competitive esports games should not be seen merely
as stylistic variations or subgenre labels. Instead, they are built on consistent rule
structures that shape aspects such as difficulty, embodiment, spatial coherence,
narrative structure, social interaction, and risk-reward balance. Through these
structural differences, they influence how emotional intensity develops, how
positive and negative reviews change over time, and how players describe their
experiences in reviews.

Let r denote the review index, i(r) the author of review r, and g(r) the
reviewed game. Let ¢(r) denote the top-level genre of game g(r), k(r) its player
engagement mode, and m(r) the dominant design paradigm associated with the
game. Let R, denote the operator corresponding to this design paradigm.
The discursive-affective output of review r can then be expressed as shown in
Equation (25). The operators Qri(rys TCiiysr Ag(r)s Gegrys and My, retain their
earlier meanings, referring to immersion-related perceptual changes, differences in
physiological tolerance, accessibility features, TLG structure, and PEM structure.

D, = Rontr) (Mir) (Gr) (g (e (Quiy (S51)))) )- (25)

where D, = (Y}, L, 7,-, &) denotes the review-level discursive-affective output
introduced earlier, consisting of review polarity Y, € {0, 1}, review length L,,
playtime at review 7., and emotional profile &,. Lastly, Sy, denotes the
gameplay structure of game ¢(r) from which the player’s experience emerges.
The paradigm-level operator does not replace TLG and PEM structures;
instead, it further specifies how gameplay is experienced within them. Different
design paradigms influence how players encounter challenges, interpret failure,
perceive space, and experience social tension during play. In mastery-oriented
designs built around repetition and gradual improvement, emotional experience
often alternates between frustration and achievement. In IVEs, embodiment
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and physiological limits become central to how affect is expressed. Spatially
ambiguous games can alter cognitive orientation and narrative closure, giving rise
to particular patterns of anticipation, unease, and curiosity. Competitive game
designs may sustain long-term engagement even when players feel dissatisfied,
as emotional intensity becomes linked to perceptions of fairness and ongoing
competition.

Across these paradigms, emotional discourse is not random. Instead, it reflects
recurring patterns of PX rooted in rule systems and interaction structures, even
if these patterns are subsequently modulated by individual differences. Paradigm-
level operators therefore represent the lowest design-structural layer considered
in this habilitation thesis before individual variation enters the model. In this
sense, emotional intensity, valence differences, temporal development, and the
level of narrative detail can be understood as structured outcomes of underlying
design paradigms. On this basis, the seventh thesis (T7) can be formulated.

T7. Various game design paradigms and subgenres function as micro-level
affective layers within digital game environments. By shaping how difficulty is
experienced, how embodiment and space are organized, and how competition
or ambiguity appear during play, they influence the intensity, tone, timing, and
expression of emotions beyond top-level genres and player engagement modes.

Publications supporting T7
T7 is supported by 10 publications [GT20-GT29]:

[GT20] T. Guzsvinecz, “Reactions to video games that evoke a feel-
ing of liminality,” FEntertainment Computing, p. 101048, 2025, doi:
101016/Jentc0m2025101048 (Q2024: QZ IF2024: 24)

[GT21] T. Guzsvinecz, “Topic modeling of positive and negative reviews of
soulslike video games,” Computers, vol. 14, no. 8, p. 339, 2025, doi: 10.3390/com-
putersl4080339 (Q2024: Q2 IF2024: 4.2)

[GT22] T. Guzsvinecz, “The soulsification of video games,” Multimedia Tools
and Applications, vol. 84, no. 15, pp. 14827-14853, 2025, doi: 10.1007/s11042-
024-19628-4. (Q20242 Ql IF2024: - IF20232 3)

[GT23] T. Guzsvinecz, K. Németh, and J. Sziics, “Topic modeling of virtual
reality game reviews using latent Dirichlet allocation,” in Proceedings of the 2025
IEEFE 29th International Conference on Intelligent Engineering Systems, 2025,
pp. 255-260, doi: 10.1109/INES67149.2025.11078210.

[GT24] T. Guzsvinecz and J. Sziics, “Game theory and strategic decision-
making in the Dark Souls,” in Game Theory — Computational Aspects and
Applications, p. 79, 2025, doi: 10.5772/intechopen.1008456.

[GT25] T. Guzsvinecz and J. Sziics, “Investigation of sentiments in virtual
reality game reviews,” in Proceedings of the 2024 IEEE 15th International Con-
ference on Cognitive Infocommunications, 2024, pp. 11-16, doi: 10.1109/Cogln-
foCom63007.2024.10894725.
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[GT26] T. Guzsvinecz and J. Sziics, “Textual analysis of virtual reality game
reviews,” Infocommunications Journal, Joint Special Issue on Cognitive Info-
communications and Cognitive Aspects of Virtual Reality, pp. 84-91, 2024, doi:
1036244/ICJ2024510 (Q2024: Q3 IF2024: 1.3)

[GT27] J. Szlics and T. Guzsvinecz, “A preliminary analysis of e-sports game
reviews,” in Proceedings of the 2024 IEEFE 18th International Symposium on
Applied Computational Intelligence and Informatics, 2024, pp. 377-382, doi:
10.1109/SACI60582.2024.10619731.

[GT28] T. Guzsvinecz, “Sentiment analysis of souls-like role-playing video
game reviews,” Acta Polytechnica Hungarica, vol. 20, no. 5, pp. 149-168, 2023,
doi: 1012700/APH2052023510 (Q20232 Q2 IF2023: ]_.4)

[GT29] T. Guzsvinecz, “The correlation between positive reviews, playtime,
design and game mechanics in souls-like role-playing video games,” Multimedia
Tools and Applications, vol. 82, no. 3, pp. 4641-4670, 2023, doi: 10.1007/s11042-
022-12308-1. (Q2023: Ql IF2023: 3)

5 Discussion and conclusions

The results presented in this habilitation thesis booklet support the hypothesis
that UX and PX in digital games are best understood as a layered interaction
system rather than the outcome of isolated design variables. Evaluative behavior
and emotional expression emerge from the interaction of several structural
factors, including perceptual transformations under immersion, physiological
limits, accessibility-related participation, gameplay structure, TLG and PEM
architectures, and game design paradigms that evolve over time.

At the perceptual-cognitive layer, immersive technologies influence how users
process spatial and auditory information. Distance estimation and sound localiza-
tion are not neutral cognitive operations in VEs, as they are affected by immersion
levels and human characteristics. In this sense, immersion changes how users
perceive and process information rather than simply improving performance.

The second layer concerns participation constraints and inclusivity. Here,
embodied limits appear as boundaries to participation. Cybersickness emerges
as a recurring and measurable constraint in commercial VR discourse, reflecting
cases where the effects of immersion exceed individual tolerance. Accessibility
features provide a complementary design response by broadening participation
and offering alternative ways for different players to remain engaged. Importantly,
their distribution across games is not random, nor is it explained solely by release
year; instead, accessibility implementation aligns with TLGs and engagement
modes.

At the structural-affective layer, TLGs differ not only in review polarity and
length but also in how reviews evolve over time and how discrete emotions are
expressed. PEMs further shape these patterns by reorganizing the social and
interactional contexts in which experiences are narrated, without replacing the
broader TLG structure. Finally, design paradigms and subgenres influence PX
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at the most concrete design level considered in this booklet. Differences in game
mechanics affect the intensity, tone, timing, and form of emotional expression,
even within the same TLG and PEM.

Overall, these results motivate a unified model in which experiential input
is transformed through nested structural layers before becoming observable in
review-level discourse. Formally, this multilayer transformation can be summa-
rized as shown in Equation (26).

D, = Ry(r) © Mig) © Geiry © Ay 0 Tey,y © Qryg,y (Sy(m))» (26)

where Qg, ., represents the effect of immersion on perception, T¢;, ,, physiological
tolerance, A,y the role of accessibility features, Gy(,y the structural influence of
TLG, My, the structural influence of PEM, R,,(,) the influence of the design
paradigm, and S,y denotes the gameplay structure of game g(r) from which the
player’s experience emerges. Furthermore, D, = (Y,., L., 7., £,) also denotes the
review-level discursive-affective output introduced earlier, consisting of review
polarity Y, € {0,1}, review length L,, playtime at review 7,, and emotional
profile &,.

Equation (26) summarizes the central theoretical contribution of this habili-
tation thesis booklet. It describes UX and PX in digital games as the outcome
of several interacting layers. Perceptual processes determine how players sense
and interpret the VE. Physiological limits and accessibility features influence
how long and under what conditions players can remain engaged. Gameplay
structures, TLGs, PEMs, and design paradigms then shape how these experiences
are interpreted and expressed in player discourse. These layers should not be
seen as independent components, but as interconnected conditions that jointly
structure player experience. Together, they explain how UX and PX emerge in
interactive digital environments.

Implications for research and practice

The results of this habilitation thesis booklet have implications for scientific
research on UX and PX. The multilayer model provides a unified analytical model
that connects perceptual processes, physiological constraints, accessibility-related
participation, TLGs, PEMs, and design paradigms within a single conceptual
system. For the scientific community, this model helps bridge previously separate
research traditions in human-computer interaction, game studies, and computa-
tional discourse analysis. In this sense, the model also outlines the foundations
of a coherent research program for studying UX and PX in interactive digital
environments.

Methodologically, the results show the value of combining perceptual experi-
ments, large-scale discourse analysis, and structural modeling. Such integration
allows UX and PX to be studied not only as individual psychological states
but also as emergent properties of complex interactive systems. The multilayer
model therefore supports more cumulative and comparable research programs in
the scientific study of digital experience.
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Beyond academia, the results also have practical implications for the design
and deployment of digital games and immersive systems. Immersive technology
should be developed with awareness that immersion changes how users perceive
and process information. Increasing immersion does not automatically improve
experience, since users differ in their perceptual and physiological responses.
Accessibility planning is most effective when it is integrated into the structural
design of games. TLGs and PEMs influence which accessibility features are
useful in practice. Finally, specific design choices such as punishment structures,
progression systems, comfort settings, or competitive balance affect how players
evaluate and describe their experiences. These elements can therefore be treated
as intentional design parameters rather than incidental side effects.

Future research directions

Several research directions follow from the multilayer model proposed in this
booklet. An important next step is to examine how the different layers interact
with each other, especially in immersive environments where perceptual changes
may combine with game mechanics or design paradigms in complex ways. Such
research could further clarify how structural properties of games shape player
experiences across different technological contexts.

Longitudinal research could also help to understand how design paradigms
change across the industry and how players’ emotional expectations develop
over time. Combining physiological measurements with large-scale analysis of
player reviews could further clarify the relationship between players’ physical
experiences and how they describe them in reviews and community discussions.

Finally, the multilayer approach may be extended beyond entertainment
games to other interactive digital environments. Serious games, training sim-
ulations, and educational platforms similarly involve layered constraints and
structures that affect UX. Applying the proposed model in these contexts may
help reveal common principles governing UX and PX across different forms of
interactive systems.

General conclusions

Digital UX and PX are not single, isolated attributes but emerge from the
interaction of multiple system layers. The emotional patterns observable in player
discourse are therefore not random fluctuations or purely subjective accounts.
Instead, they reflect structured effects shaped by perceptual conditions, forms
of participation, and underlying design logic. By bringing these layers together
within a common model, this booklet offers an informatics perspective on UX
and PX grounded in empirical analysis. The results show that experiential
phenomena in digital games can be studied as structured effects of technological,
physiological, and design-related factors. In this sense, UX and PX are best
understood not as independent effects, but as emergent outcomes of layered
interactive systems.
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In conclusion, these results show that UX and PX in digital environments can

be explained by the interaction of perceptual, participatory, and design-related
structures within a unified multilayer model.

References

[1]

[10]

[11]

American Psychological Association, Publication manual of the American
Psychological Association, 7th ed. American Psychological Association,
2020. doi: 10.1037/0000165-000 .

C. L. Miller and G. R. Bertoline, “Spatial visualization research and theories:
Their importance in the development of an engineering and technical design
graphics curriculum model.” Engineering Design Graphics Journal, vol. 55,
no. 3, pp. 5—14, 1991.

S. H. Creem-Regehr, J. K. Stefanucci, and B. Bodenheimer, “Perceiving
distance in virtual reality: theoretical insights from contemporary technolo-
gies,” Philosophical Transactions of the Royal Society B: Biological Sciences,
vol. 378, no. 1869, 2023. doi: 10.1098/rstb.2021.0456 .

R. V. Kenyon, M. Phenany, D. Sandin, and T. Defanti, “Accommodation
and size-constancy of virtual objects,” Annals of biomedical engineering,
vol. 36, no. 2, pp. 342-348, 2008. doi: 10.1007/s10439-007-9414-7 .

F. El Jamiy and R. Marsh, “Distance estimation in virtual reality and
augmented reality: A survey,” in 2019 IEEE international conference on
electro information technology (EIT). 1EEE, 2019, pp. 063-068.

P. Willemsen and A. A. Gooch, “Perceived egocentric distances in
real, image-based, and traditional virtual environments,” in Proceed-
ings IEEE Virtual Reality 2002. IEEE, 2002, pp. 275-276. doi:
10.1109/VR.2002.996536 .

J. W. Kelly, “Distance perception in virtual reality: A meta-analysis of
the effect of head-mounted display characteristics,” IFEFE transactions on
visualization and computer graphics, vol. 29, no. 12, pp. 4978-4989, 2022.
doi: 10.1109/TVCG.2022.3196606 .

R. J. Freund and W. J. Wilson, Statistical methods. Elsevier, 2003.

J. Blauert, Spatial hearing: the psychophysics of human sound localization.
MIT press, 1997.

J. C. Middlebrooks, “Sound localization,” Handbook of clinical neurology,
vol. 129, pp. 99-116, 2015. doi: 10.1016/B978-0-444-62630-1.00006-8 .

D. Hug, “How do you sound design? an exploratory investigation of sound
design process visualizations,” in Proceedings of the 15th International Audio
Mostly Conference, 2020, pp. 114-121. doi: 10.1145/3411109.3411144 .

219
34



[12]

[13]

[14]

[15]

[16]

[17]

M. Berger and R. Bill, “Combining vr visualization and sonification for
immersive exploration of urban noise standards,” Multimodal technologies
and interaction, vol. 3, no. 2, p. 34, 2019. doi: 10.3390/mti3020034 .

W. Wang, N. Xu, S. Dang, X. Hong, and J. Qu, “Induction mecha-
nism of auditory-assisted vision for target search localization in mixed
reality (mr) environments,” Aerospace, vol. 9, no. 7, p. 340, 2022. doi:
10.3390/aerospace9070340 .

C. Rajguru, G. Brianza, and G. Memoli, “Sound localization in web-based
3d environments,” Scientific Reports, vol. 12, no. 1, p. 12107, 2022. doi:
10.1038/s41598-022-15931-y .

A. Ahrens, K. D. Lund, M. Marschall, and T. Dau, “Sound source localiza-
tion with varying amount of visual information in virtual reality,” PloS one,
vol. 14, no. 3, p. 0214603, 2019. doi: 10.1371/journal.pone.0214603 .

W. G. Cochran, “The x2 test of goodness of fit,” The Annals of mathematical
statistics, pp. 315345, 1952.

C. Curry, R. Li, N. Peterson, and T. A. Stoffregen, “Cybersickness in virtual
reality head-mounted displays: examining the influence of sex differences
and vehicle control,” International Journal of Human—Computer Interaction,
vol. 36, no. 12, pp. 1161-1167, 2020. doi: 10.1080/10447318.2020.1726108 .

C. Yildirim, “Cybersickness during vr gaming undermines game enjoy-
ment: A mediation model,” Displays, vol. 59, pp. 35-43, 2019. doi:
10.1016/j.displa.2019.07.002 .

B. Keshavarz and H. Hecht, “Axis rotation and visually induced motion
sickness: the role of combined roll, pitch, and yaw motion,” Awviation, space,
and environmental medicine, vol. 82, no. 11, pp. 1023-1029, 2011. doi:
10.3357 /asem.3078.2011 .

E. Chang, H. T. Kim, and B. Yoo, “Virtual reality sickness: a re-
view of causes and measurements,” International Journal of Human—
Computer Interaction, vol. 36, no. 17, pp. 1658-1682, 2020. doi:
10.1080,/10447318.2020.1778351 .

H. B. Mann and D. R. Whitney, “On a test of whether one of two random
variables is stochastically larger than the other,” The annals of mathematical
statistics, pp. 50-60, 1947. doi: 10.1214/aoms/1177730491 .

R. C. MacCallum, S. Zhang, K. J. Preacher, and D. D. Rucker, “On the
practice of dichotomization of quantitative variables.” Psychological methods,
vol. 7, no. 1, p. 19, 2002.

C. Hutto and E. Gilbert, “Vader: A parsimonious rule-based model for
sentiment analysis of social media text,” in Proceedings of the international
AAAI conference on web and social media, vol. 8, no. 1, 2014, pp. 216-225.
doi: 10.1609/icwsm.v8i1.14550 .

220
35



[24]

[25]

[28]

[34]

)

B. Yuan, E. Folmer, and F. C. Harris Jr, “Game accessibility: a survey,’
Universal Access in the information Society, vol. 10, no. 1, pp. 81-100, 2011.
doi: 10.1007/s10209-010-0189-5.

K. Bierre, M. Hinn, T. Martin, M. McIntosh, T. Snider, K. Stone, and
T. Westin, “Accessibility in games: Motivations and approaches,” White
paper, International Game Developers Association (IGDA ), 2004.

M. C. Barlet and S. D. Spohn, “Includification: A practical guide to game
accessibility,” Charles Town: The Ablegamers Foundation, 2012.

K. Miesenberger, R. Ossmann, D. Archambault, G. Searle, and A. Holzinger,
“More than just a game: accessibility in computer games,” in Symposium
of the Austrian HCI and usability engineering group. Springer, 2008, pp.
247-260. doi: 10.1007/978-3-540-89350-9_18 .

Y. Francillette, E. Boucher, B. Bouchard, K. Bouchard, and S. Gaboury,
“Serious games for people with mental disorders: State of the art of prac-
tices to maintain engagement and accessibility,” Entertainment Computing,
vol. 37, p. 100396, 2021. doi: 10.1016/j.entcom.2020.100396 .

Valve Corporation. (2026) Steam tags. Steamworks Documentation.
Accessed: March 1, 2026. [Online]. Available: https://partner.steamgames.
com/doc/store/tags

J. H. McDonald, Handbook of biological statistics. Sparky House Publishing,
Baltimore, Maryland. USA, 2014.

H. Cramér, Mathematical methods of statistics. Princeton university press,
1999, vol. 9.

D. Lin, C.-P. Bezemer, Y. Zou, and A. E. Hassan, “An empirical study
of game reviews on the steam platform,” Empirical Software Engineering,
vol. 24, no. 1, pp. 170-207, 2019. doi: 10.1007/s10664-018-9627-4 .

S. Petrosino, E. Loria, A. Kainz, and J. Pirker, “The panorama of steam
multiplayer games (2018-2020): A player reviews analysis,” in Proceedings
of the 17th International Conference on the Foundations of Digital Games,
2022, pp. 1-7. doi: 10.1145/3555858.3555922 .

Y. Yu, B.-H. Nguyen, F. Yu, and V.-N. Huynh, “Esports game updates
and player perception: Data analysis of pubg steam reviews,” in 2021

13th international conference on knowledge and systems engineering (KSE).
IEEE, 2021, pp. 1-6. doi: 10.1109/KSE53942.2021.9648670 .

S. M. Mohammad and P. D. Turney, “Crowdsourcing a word—emotion
association lexicon,” Computational intelligence, vol. 29, no. 3, pp. 436—465,
2013. doi: 10.1111/j.1467-8640.2012.00460.x .

221
36



[36]

[48]

M. Jockers, “Package ‘syuzhet’,” URL: https://cran. r-project.
org/web/packages/syuzhet, 2017.

F. Wilcoxon, “Individual comparisons by ranking methods,” Biometrics
bulletin, vol. 1, no. 6, pp. 80-83, 1945. doi: 10.2307/3001968 .

H. Scheffe, The analysis of variance. John Wiley & Sons, 1999.

I. Granic, A. Lobel, and R. C. Engels, “The benefits of playing video games.”
American psychologist, vol. 69, no. 1, p. 66, 2014. doi: 10.1037/a0034857 .

P. Jagoda, “On difficulty in video games: Mechanics, interpretation, affect,”
Critical inquiry, vol. 45, no. 1, pp. 199-233, 2018. doi: 10.1086/699585 .

S.-C. Liao, F.-G. Wu, C.-H. Feng, and C.-Y. Shuai, “A research on how
to enhance user experience by improving arcade joystick in side-scrolling
shooter games,” in International conference on human-computer interaction.
Springer, 2020, pp. 431-437. doi: 10.1007/978-3-030-60700-5_55 .

M. Mora-Cantallops and M.-A. Sicilia, “Exploring player experience in
ranked league of legends,” Behaviour & Information Technology, vol. 37,
no. 12, pp. 1224-1236, 2018. doi: 10.1080,/0144929X.2018.1492631 .

J. Fox, M. Gilbert, and W. Y. Tang, “Player experiences in a massively
multiplayer online game: A diary study of performance, motivation, and
social interaction,” New Media & Society, vol. 20, no. 11, pp. 4056-4073,
2018. doi: 10.1080,/0144929X.2018.1492631 .

J. Zhu and S. Ontanén, “Experience management in multi-player games,”
in 2019 IEEE Conference on Games (CoG). IEEE, 2019, pp. 1-6. doi:
10.1109/CIG.2019.8848030 .

J. W. Tukey, “Comparing individual means in the analysis of variance,”
Biometrics, pp. 99-114, 1949. doi: 10.2307/3001913 .

R. A. Fisher, The design of experiments. Oliver & Boyd, Edinburgh &
London, 1937.

C. Spearman, “The proof and measurement of association between two
things,” in Studies in Individual Differences: The Search for Intelligence,
J. J. Jenkins and D. G. Paterson, Eds. Appleton-Century-Crofts, 1961, pp.
45-58. doi: 10.1037/11491-005 .

D. M. Blei, A. Y. Ng, and M. 1. Jordan, “Latent dirichlet allocation,”
Journal of machine Learning research, vol. 3, no. Jan, pp. 993-1022, 2003.

222
37



Az 5 legfontosabbnak itélt publikicio

. T. Guzsvinecz and J. Sztics, "Length and sentiment analysis of re-
views about top-level video game genres on the Steam platform,”
Computers in Human Behavior, vol. 149, p. 107955, 2023, doi:
10.1016/j.chb.2023.107955. (Q2023: D1  IF3923: 9)

. T. Guzsvinecz, K. Németh, and J. Sztics, "Cybersickness in Com-
mercial First-Person Virtual Reality Video Games: Analysis of Player
Experience in Steam Reviews,” Virtual Reality, vol. 30, art. 83, 2026,
doi: 10.1007/s10055-026-01353-y. (Qz2024: Q1 IF3p24: 5)

. T. Guzsvinecz, "Video game accessibility in the top-level genres,”
Universal Access in the Information Society, vol. 24, pp. 1479-1494,
2025, doi: 10.1007/s10209-024-01154-7. (Q2024: Q2 IF3g24: 2.7)

. T. Guzsvinecz, "The correlation between positive reviews, playtime,
design and game mechanics in souls-like role-playing video games,” Mul-
timedia Tools and Applications, vol. 82, no. 3, pp. 4641-4670, 2023, doi:
].01007/811042—022—12308—1 (Q2023: Q]. IF2023: 3)

. T. Guzsvinecz, "Reactions to video games that evoke a fee-
ling of liminality,” FEntertainment Computing, p. 101048, 2025, doi:
101016/Jentcom2025101048 (Q2024: QZ IF2024Z 24)

223


https://doi.org/10.1016/j.chb.2023.107955
https://doi.org/10.1007/s10055-026-01353-y
https://doi.org/10.1007/s10209-024-01154-7
https://doi.org/10.1007/s11042-022-12308-1
https://doi.org/10.1016/j.entcom.2025.101048

Legfontosabb 5 kozlemény kiilonlenyomata

Computers in Human Behavior 149 (2023) 107955

Contents lists available at ScienceDirect

«~ COMPUTERS IN
a EHAVIOR

Computers in Human Behavior

L SEVIER

journal homepage: www.elsevier.com/locate/comphumbeh

L)

Check for

Length and sentiment analysis of reviews about top-level video game genres
on the steam platform

Tibor Guzsvinecz , Judit Szlics

Department of Information Technology and its Applications, University of Pannonia, Gasparich M. utca 18/A, Zalaegerszeg, Hungary

ARTICLE INFO ABSTRACT

Keywords:
Emotions

Game review
Player experience
Sentiment analysis
Steam

Video games

During game development, a common uncertainty revolves around the emotional reactions players might exhibit
when experiencing newly released games. Understanding emotions and experiences of video game players is
complex. As a first step, players can share their experiences of video games by writing reviews. By investigating
these reviews, the emotions, experiences, concerns, and opinions of players can be understood. The goal of this
study is to provide a deeper insight for video game developers to understand the players’ emotional reactions
regarding the top-level genres. Besides, as subgoals, it can be observed whether a connection exists between word
numbers and review type (positive/negative); whether there is a difference between the type of emotions in the
case of different genres; or whether the emotional valence changes during writing a review. In this paper, overall
35, 983, 481 reviews of 11 top-level video game genres are studied using natural language processing methods
with the NRC Emotion Lexicon in the statistical program package R. The results show that people write negative
reviews earlier than positive ones and no correlation exists between the time at review and their word number. A
connection can also be observed between word numbers and whether a review is positive or negative: the median
review length is 40 words in case of negative reviews, while it is 19 words in case of positive ones. Regarding
emotions, the emotional valence as well as sentiments’ number and percentage differ between the top-level

genres. Each has its unique emotional valence and evokes various emotions.

1. Introduction

Research on emotions dates back to the 19th century (Dixon, 2003).
While there is no scientific consensus on the definition of emotions,
newer studies indicate that there is a relation between emotions and
cognition: according to LeDoux and Brown (2017), emotions are
cognitive states resulting from information gathering. Larue et al. (2018)
conclude that emotions play an important role in cognition. Therefore,
certain emotions can be evoked by experiencing something, for
example, video games (Granic et al., 2014). A cognitive process occurs
when someone is playing, and this is called player experience
(Inchamnan & Wyeth, 2013). Player experience, however, can be
affected by game design, and mechanics (Dahl & Kraus, 2015,
September; Gao et al.,, 2022; Gowler & lacovides, 2019, October;
Guzsvinecz, 2023; Jagoda, 2018; Liao et al., 2020; Maubert Crotte et al.,
2019; Summerville et al., 2017; Tian, 2020; Wehbe et al., 2017).
Consequently, player experience can also be affected by video game
genres since each has various design elements and game mechanics.
Furthermore, even in-game loss, character attachments, and personal
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memories can evoke emotions, and thus, affect player experience (Bopp
et al., 2016). It is possible to understand player experience to some
degree since players tend to write their experiences in their reviews
(Hedegaard & Simonsen, 2013). Since thousands of reviews are written
daily (Guzman & Maalej, 2014), a large amount of data is available for
researchers.

Textual review analysis can yield useful information about the
players and games. Analyzing these types of reviews is important since
gamers are difficult to please and their experiences could be considered
important feedback to the developers (Chambers et al., 2005). Accord-
ing to Busurkina et al. (2020), the following topics can be found in re-
views: general experience, social interaction, social influence,
achievements, accessories, visual/value, narrative, and bugs in the
game. However, players complain less about bugs than about game
design elements (Lin et al., 2019). When textual reviews are compared,
game critics and players highlight different parts of the games (de Souza
Gongalves & Macedo, 2020). The playability of video games can also be
understood from the reviews (Li et al., 2021). It is also possible to un-
derstand the factors that make a game popular (Ahn et al., 2017). This
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fact is crucial as textual reviews usually contain sentiments and are quite
important as they can act as a product review (Wase et al., 2018). This
implies that sentiments in reviews can influence other people to buy the
game (Andreev et al., 2021), and this fact is of great importance to de-
velopers. If a game has bugs, developers release patches or updates to fix
them. Updates can also affect the topics of discussion as well as the
sentiments of players (Lu et al., 2020; Yu et al., 2021). Clearly, senti-
ments in the text are important for analysis.

The semantical subjective information about sentiments and opin-
ions can be extracted from natural language texts. This process is known
as sentiment analysis or opinion mining (Hutto & Gilbert, 2014; Liu,
2012). Sentiments are related to ideas, feelings, or emotions that users
express in writing. It is frequently used to investigate natural language
texts in reviews, marketing, customer service, medical applications, and
social media (Cataldi et al., 2013; Ho et al., 2019; Ho & Zhang, 2019;
Mozetic et al., 2016; Tang et al., 2009; Urriza & Clarino, 2021). Not to
mention, numerous academic disciplines, including sociology, psychol-
ogy, education, economics, business, and political science, as well as
research areas including natural language processing (NLP), data min-
ing, and information retrieval, have adopted sentiment analysis (Zhang
et al., 2014).

It was mentioned earlier in the study that game design and me-
chanics can also affect sentiments and player experience. Even though
these effects were investigated, not all studies used textual analysis
methods. Regarding unfinished or unpolished game mechanics, players
are more tolerant of games that are in early access than those that are
released (Lin et al., 2018). The meaning of an early access game is that
players can play the game during development and can send feedback to
the developers. Guzsvinecz (2023) analyzed the effects of various
“Souls-like” role-playing game (RPG) mechanics on sentiments in tex-
tual game reviews. Each game mechanic had a significant effect on at
least one of the eight basic emotions (anger, fear, anticipation, trust,
surprise, sadness, joy, disgust). However, each video game genre has
different game mechanics, and no research was found in the literature
that compares written sentiments between the genres themselves.
Similarly, the text and playtime in reviews were not compared among all
genres, but only between a select few. Game genres are of great
importance, and according to Lin et al. (2019), they should be included
in future studies. Therefore, with the inclusion of top-level genres
(TLGs), this study plans to address this research gap by using NLP
methods to answer three research questions (RQs). These questions are
the following.

RQ1. Does the type of gaming experience (positive or negative) in
various TLGs affect the length of reviews?

RQ2. Does the length of the textual component correlate with play-
time? Does the type of gaming experience in various TLGs affect the
relationship between the length of the textual component and playtime?

RQ3. How does the gaming experience in various TLGs affect
emotions?

This study is structured as follows. In section 2, a brief introduction
to digital distribution platforms is shown along with video game genres.
Then, the methodology used in this study, namely the scraping process,
the evaluation, and a few notes about data visualization are presented in
section 3. The results of the investigation are shown in section 4. Dis-
cussions, implications, and limitations of the study are presented in
section 5. Along with a summary of the study, conclusions are made in
section 6.

2. Digital distribution platforms and video game genres

Nowadays, digital distribution platforms are gaining popularity.

According to Blancaflor and San Miguel (2022, August), sales on digital225

distribution platforms greatly rose in the previous years mainly due to
the Covid-19 pandemic. However, several digital distribution platforms
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offer video games for players either on consoles and on PC. For example,
these platforms are Steam (Valve Corporation), Epic Games Store (Epic
Games, Inc.), GOG.com (GOG sp. Z o. o0.), Humble Store (Humble
Bundle, Inc.), Microsoft Store (Microsoft Corporation), and Ubisoft Store
(Ubisoft Entertainment SA) among others. According to the information
provided by Lin et al. (2019), Steam was the largest digital game dis-
tribution platform in 2017. It is still one of the largest ones: as of March
2021, more than 50,000 video games can be found in its catalog (Dean,
2023). One of its most important features is that players can leave re-
views on a game’s page. This is the reason why Steam was chosen for this
investigation.

It should be noted that while there is no numerical rating system on
Steam when reviewing games, players can either give a “Recommended”
rating (i.e. positive review) or a “Not Recommended” rating (i.e. nega-
tive review) to a game. However, these reviews also have a textual
component in which the players can share their experiences with others.
The reviews on Steam can be read by anyone, but Valve Corporation has
also created an application programming interface (API) that allows
scraping the reviews (Valve Corporation, 2022a). After scraping, re-
views can be analyzed using several methods to understand player
experience (Kang et al., 2017) or to simply assess their helpfulness
(Baowaly et al., 2019; Eberhard et al., 2018; Wang et al., 2021).

In the literature, reviews on several digital video game distribution
platforms were analyzed. Pagano and Maalej (2013) concluded that
most reviews are written shortly after an application is released. Then,
the frequency of writing reviews quickly decreases over time. They also
mention that reviews can contain multiple topics, such as feature re-
quests, user experience, and bug reports. Vasa et al. (2012) investigated
the reviews of mobile games. They concluded that poorly rated appli-
cations receive longer reviews. Similarly, regarding mobile games,
Khalid, Shihab, Nagappan, and Hassan (2014) identified 12 types of
complaints from users. The most frequent were application crashes,
feature requests, and functional errors. Contrary to reviews of mobile
applications, Lin et al. (2018, 2019) as well as Guzsvinecz (2023)
analyzed reviews of video games on PC using textual reviews on Steam.
The former authors analyzed reviews of early access titles as well as a
few TLGs and genres, while the latter investigated the effects of play-
time, and game mechanics on reviews in the Souls-like subgenre.

Naturally, every video game can be categorized into a genre. On
Steam, it is done by the developers, while users can create tags. Each
genre has its style and provides various experiences to players. Ac-
cording to the Steamworks Documentation (Valve Corporation, 2022c),
besides genres, games can further be categorized into super-genres (or in
other words: TLGs), and sub-genres. The referenced documentation also
shows that 11 TLGs, 68 genres, and 61 sub-genres exist. On Steam, each
game has at least one TLG, genre, and sub-genre. In this study, we focus
on TLGs as they can provide the largest difference between games.

3. Materials and methods

To answer the RQs, reviews of all applications on the Steam platform
had to be scraped and evaluated. Thus, this section is split into three
subsections. The scraping process is detailed in subsection 3.1, and the
evaluation of reviews is presented in subsection 3.2. A few notes about
data visualization can be seen in subsection 3.3. The statistical program
package R was used for every purpose. The stringr (Wickham, 2022a),
rvest (Wickham, 2022b), jsonlite (Ooms, 2014), httr (Wickham, 2023),
syuzhet (Jockers, 2020), lyplot (Wickham, 2022c), and agricolae (de
Mendiburu, 2021) packages were used in R during the whole process.
The functions that were used during the analyses can either be found in
these aforementioned packages, base R or in the Steamworks APIL Unless
stated otherwise in the paper, the functions were used with their default
parameters.
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3.1. The scraping process

The scraping process used the aforementioned Steam API. To scrape
the reviews of all applications on Steam, their IDs had to be gathered.
This was done at the beginning of July 2022 using the Metalist function
(Valve Corporation, 2022b). As a result, the ID and name of 145,155
applications were saved into a data frame in R.

The following step was to find the TLGs of each application and
attach them to the IDs. However, what can be considered a TLG? Ac-
cording to the Steam documentation, there are action, adventure, ca-
sual, experimental, puzzle, racing, RPG, simulation, sports, strategy, and
tabletop TLGs (Valve Corporation, 2022c). Naturally, a game can fit into
multiple ones. To attach a TLG to an application ID, the readapt function
was used in R to load the page of each application on Steam. Then, with
the teletext and grell functions, the 11 TLG names were located in each
application’s tag section. Lastly, the TLGs were attached to the appli-
cation IDs in the data frame.

The next step was the scraping process itself. Following the infor-
mation in Steam’s documentation, the GET function was used in R for
the process (Valve Corporation, 2022d). Since the whole Steam dataset
is large, only the English as well as the most recent 1000 reviews were
scraped from the game’s page. Naturally, if a game had fewer reviews
than 1,000, all were downloaded. The scraping process was done in
alphabetical order, thus the action games were the first, and the tabletop
games were the last to be scraped. If an application ID had more than one
TLG attached to it in the data frame, the reviews were only scraped in
the case of its first TLG. It was possible to avoid newer reviews with this
method since the scraping process took approximately a month from
mid-August 2022 to mid-September 2022. Due to scraping and the fact
that some games belong to multiple TLGs, a dataset of 35, 983, 481
reviews was created. Out of these reviews, 81.16% are positive. The
number of games, scraped reviews, and percentage of positive reviews
per genre can be observed in Table 1.

It should be noted that the reviews have more components than just
textual ones (Valve Corporation, 2022d). Only the following parts were
scraped besides the textual component: review type (whether the review
is positive or negative); the number of votes on the review; how many
people found the review funny; the playtime at the review’s creation; the
player’s all playtime with the game; whether the game is received for
free; the player’s number of games; whether the review was written
during early access; and the number of comments on the review.

3.2. Data analysis

Even though several pieces of information about the reviews were
scraped, not all were used for analysis. For example, we did not inves-
tigate the following.

e How many people found the review funny
e Whether the game is received for free
e The player’s number of games

Table 1
The number of games, reviews, and the percentage of positive reviews per TLG.

Genre Number of Number of Percentage of positive
games reviews reviews
Strategy 43,323 6,642,060 80.94%
Puzzle 31,832 5,684,184 82.00%
Adventure 59,651 5,038,381 81.65%
Simulation 44,037 4,327,593 80.24%
Action 67,037 2,907,625 81.26%
Casual 59,114 2,304,905 82.62%
RPG 41,230 2,224,930 80.68%
Sports 21,601 1,532,515 79.19%
Racing 20,497 697,572 79.81%
Tabletop 11,671 182,385 76.92%
Experimental 2314 100,966 84.88%
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e Whether the review was written during the early access stage
e The number of comments on the review

For the analysis, first, the text was investigated based on review
length. The word counts were calculated using regular expressions with
the str_count function in R. The following regular expression was used in
the function: * [\w\’]+’. After counting, the word numbers were
grouped by TLG. Later, the reviews were also grouped by whether they
were positive or negative. The data distributions were always checked
with the Kolmogorov-Smirnov test (Smirnov, 1948). It could be
observed that they followed non-Gaussian distribution, therefore the
non-parametric Wilcoxon rank sum test was used for comparison in each
case (Mann & Whitney, 1947). ANOVA and its Fisher’s Least Significant
Difference (LSD) variant were used to double-check the results. Simi-
larly, the time at review was also assessed. The methodology was quite
similar: they were first grouped by TLG, then by whether the reviews
were positive or negative. Their distributions were also assessed with the
Kolmogorov-Smirnov test. When comparison was done between TLGs,
positive and negative reviews, the Wilcoxon rank sum test was used as
well. Besides, the goal was to find the relationship between review
length and time at review, as well as between the latter and whether
reviews are positive or not. Since the data distributions were also
non-Gaussian, the Spearman rank correlation method was used
(Spearman, 1904). When the emotional valences of positive and nega-
tive reviews were compared, the Wilcoxon signed-rank test was used
(Wilcoxon, 1992, pp. 196-202).

Regarding emotions, an NLP package called syuzhet was used in R.
Even though there are four sentiment lexicons in this package, the NRC
Emotion Lexicon was chosen for the research. This lexicon is free for
research purposes, and it is used by several researchers (Bravo-Marquez
et al., 2019; Kiritchenko et al., 2014; Werder & Brinkkemper, 2018).
There are eight basic emotions and two sentiments in this lexicon. The
emotions are anger, fear, anticipation, trust, surprise, sadness, joy, and
disgust, while the sentiments can either be positive or negative. There is
a function in the syuzhet package called get nrc_sentiment. This custom-
izable function can assess the sentiments in the text. It also creates a data
frame in which each row corresponds to a sentence, while the emotions
are represented by columns (Mohammad & Turney, 2010). With the
help of this function, the negative numbers from the respective columns
are also converted and added to the values in the positive column. The
number of sentiments per sentence can be observed in the matrix that
results from this operation.

Firstly, the emotional valence in reviews was examined. Thus, it was
possible to understand how emotions change during writing. As the first
step, a so-called syuzhet vector was created with the get sentiment func-
tion. This function extracts sentiments from sentences and puts them
into the aforementioned vector. Naturally, textual components of re-
views differ in length, thus, percentage-based chunks were used. With
the help of the get percentage_values function, the text was divided into an
equal number of chunks. Then, the mean emotional valence was
calculated for each of them. Naturally, more chunks mean that the
emotional valence is more detailed and more precise, but due to the
larger sample size it can be harder to interpret. Thus, 25 chunks were
selected after empirical testing. This method was then repeated in the
case of each TLG. As a result, the emotional valence of each narrative
time can be known. Afterward, the emotions themselves were investi-
gated in the text with the previously mentioned get nrc_sentiment func-
tion. During the whole sentiment analysis process, they were grouped by
TLG first, and by review type later. Similarly to our text analysis
methods, their data distributions were also assessed and the Wilcoxon
rank sum test was used for comparison.

3.3. Notes on data visualization

It should be noted that due to the large dataset, letter-value plots can
be found in the following section. This plot type is specifically designed
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for large datasets since it can yield more reliable estimates about
behavior beyond the quartiles (Hofmann et al., 2017). Similarly to the
original boxplots, a line represents the median, while the innermost box
shows the first and third quartiles. Afterward, smaller boxes are plotted
at the upper and lower eights, then, at the upper and lower sixteenths,
and this process goes on until a stopping criterion is reached. A 95%
confidence interval (CI) is determined around each letter-value. If there
is an overlap between this confidence interval and the previous
letter-value, then the current letter-value and the following values are
not plotted anymore. In this paper, smaller intervals are represented by
smaller, and darker boxes.

4. Results

Due to the various methods of data analysis, the results are presented
in two subsections. The number of words in reviews as well as the
playtimes at review are detailed in subsection 4.1. Results regarding
sentiments are shown in subsection 4.2.

4.1. The number of words in reviews and playtime at review

First, the number of words in reviews was investigated. As a first
step, the number of words is grouped by TLG. The number of words and
their distribution are shown in Fig. 1.

As can be seen in Fig. 1, if players write textual parts of the reviews,
they can be quite long. The word number between genres was compared
with the Wilcoxon rank sum test (9, 035,954,345 < W < 18,961, 688,
015,115; p < .001) and almost every possible comparison was found to
be significant. The only exception was when the pair of experimental
and RPG games was analyzed (W = 112,580,356,774; p = .214). It is
also notable that when comparing casual to puzzle games, the level of
significance was a little weaker than in the other cases (W =
6,559, 575,554,457; p = .003). ANOVA and its LSD variant were used
for checking this difference. The results of these analyses are presented
in Table 2 and Table 3.

Compared to the Wilcoxon rank sum test, Fisher’s LSD for ANOVA
yields somewhat different results. First, Table 2 shows that there are
significant differences in word numbers between each TLG. Then,
Table 3 presents which TLGs have such differences. If they belong to a
different group, significant differences can be found between mean word
numbers. Therefore, according to the data in Table 3, the mean word
numbers of experimental, strategy, and puzzle games are not signifi-
cantly different from each other. This means that the length of reviews of
these three types of games is similar to each other.

It can also be observed due to the outlier values in Fig. 1, that the
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Table 2
Comparing the number of words in TLGs with ANOVA.
Df Sum of squares Mean of F p
squares

TLG 10 237,700,000 23,770,757 1604 <.001
Residuals 31,653,105 469,000,000,000 14,817 - -

Table 3

The mean of word numbers of TLGs using Fisher’s LSD for ANOVA.
TLG Mean word number Group
RPG 71.4 a
Tabletop 66.8 b
Adventure 65.4 c
Experimental 63.4 d
Strategy 62.9 d
Puzzle 62.7 d
Action 62.4 e
Simulation 61.5 f
Casual 60.9 g
Sports 59.6 h
Racing 58.9 i

longest reviews belong to games that have multiple TLGs. Besides, it is
also known from the descriptive statistics regarding word number that
min = 0 in each TLG, and that the mean number of words differs among
them (M € [58.9,71.4]). The reviews of RPGs have the largest amount of
average words, while reviews of racing games have the smallest average.
This may be because RPGs tend to have more mechanics (therefore,
becoming more complex games), while racing games usually have fewer
mechanics. The standard deviation of words is quite large in every TLG
(SD € [112.2, 133.8]). The median of word numbers for the whole
dataset is 22. However, what is the case when the reviews are grouped
by whether they are positive or negative? The results of this question can
be observed in Table 4. From this point onward, subscript p refers to
positive reviews, while negative ones are denoted by subscript n.

According to the number of words in Table 4, a large difference can
be observed between the word number of positive reviews and negative
ones. According to the results of the comparison with the Wilcoxon rank
sum test, the mean word number of negative reviews is significantly
larger in every TLG (815,690,850 < W < 4,286,245,480,401; p < .001).
Even the smallest increase in words is 33.28%, and it can be found in the
reviews of tabletop games. The largest increase is 39.45% which can be
observed in the case of experimental games. The median of word
numbers in positive reviews is 19, while it is 40 in the case of negative
ones. This also implies a large difference.

Review length (words)
2000 3000 4000
| | |

1000

Action  Adventure Casual Experimental Puzzle

Racing RPG Simulation  Sports Strategy  Tabletop

'En?—?evel genre

Fig. 1. The number of words and their distribution in reviews grouped by TLG.
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Table 4

The number of words in reviews grouped by TLG and review type.
Genre M, M, SD, SD, Mdn, Mdn,
Action 55.9 90.3 114.2 149.1 18 39
Adventure 58.8 94.7 117.1 153.4 20 42
Casual 55.0 89.3 107.7 143.6 19 40
Experimental 57.7 95.3 104.5 144.3 23 46
Puzzle 56.3 91.7 1129 149.0 19 40
Racing 52.7 83.8 108.4 140.0 17 36
RPG 64.5 100.3 125.4 161.1 22 45
Simulation 54.9 88.1 109.8 143.0 18 39
Sports 53.3 83.4 108.7 137.9 17 37
Strategy 56.3 90.9 113.7 148.3 18 40
Tabletop 59.9 89.8 110.3 141.5 23 42

Also, the differences in word numbers were investigated with the
Wilcoxon rank sum test in all possible combinations between TLGs,
positive reviews, and negative reviews. In the case of positive reviews,
the word numbers were significantly different between all TLGs. How-
ever, regarding negative reviews, there were four differences among
TLGs that were not significant.

action and simulation games (W = 232,684,371,751; p = .327),
adventure and tabletop games (W = 19, 385,295,640; p = .276),
casual and strategy games (W = 253,665,609,738;p = .465),
racing and sports games (W = 22,397,918,979; p = .222).

This means that players wrote negative reviews of similar lengths in
these TLGs. It should be noted that the word numbers between experi-
mental games and RPGs were close to being not significant (W =
3,311,281,132; p = .037). All other comparisons resulted in strong
significant differences. The results were checked with ANOVA as well as
its Fisher’s LSD variant as can be observed in Table 5 and Table 6.

As previously, this method yielded somewhat different results than
the Wilcoxon rank sum test. According to Table 5, word numbers are
significantly different between review types and TLGs. Table 6 shows
these differences. As can be observed in Table 6, the mean word number
in negative reviews is similar in many groups. The mean word numbers
of experimental games with negative reviews and adventure games with
negative reviews are similar to each other. This is because they belong to
group “b”. Tabletop games with negative reviews belong to group “ef”,
meaning that their mean word numbers are similar to action games with
negative reviews (group “e”) and casual games with negative reviews
(group “f’). However, the mean word numbers of groups “e” and “f” are
significantly different from each other. The mean word number of racing
games with negative reviews and sports games with negative reviews is
similar to each other since they belong to the same group. Contrarily to
negative reviews, the mean word number of positive reviews is only
similar to each other in two groups: m and o. Therefore, the mean word
numbers of puzzle games with positive reviews and strategy games with
positive reviews are similar to each other. The case is the same between
casual games with positive reviews and simulation games with positive
reviews. All other groups are significantly different.

The times at review were investigated next. The results of the
investigation can be observed in Fig. 2.

As can be seen in Fig. 2, people play experimental games for the least
amount of time before reviewing. This fact is strengthened by the
descriptive statistics as M € [708.5; 2,285.3|, and the smallest average
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Table 6
Comparing TLGs, review type, and the mean of word numbers using Fisher’s LSD
for ANOVA.

TLG and Review type Mean word number

Q
=h
Q
i=
o

RPG & Positive 100.3 a
Experimental & Negative 95.3 b
Adventure & Negative 94.7 b
Puzzle & Negative 91.7 c
Strategy & Negative 90.9 d
Action & Negative 90.3 e
Tabletop & Negative 89.8 ef
Casual & Negative 89.3 f
Simulation & Negative 88.1 g
Racing & Negative 83.8 h
Sports & Negative 83.4 h
RPG & Positive 64.4 i
Tabletop & Positive 59.9 j
Adventure & Positive 58.8 k
Experimental & Positive 57.7 1
Puzzle & Positive 56.3 m
Strategy & Positive 56.3 m
Action & Positive 55.9 n
Casual & Positive 55.0 o
Simulation & Positive 54.9 o
Sports & Positive 53.3 p
Racing & Positive 52.7 q

belongs to the experimental games. The largest average is in the case of
simulation games. The standard deviation is also large among the genres
(SD € [6,181.9; 15,165.7)). It should be noted that min = 0 in each TLG.
This may occur because there are people who buy the same game at
multiple stores to support the developers. Maybe they did not want to
play the said game again on Steam, but they wanted to share their
opinions about it in the meantime. The median for the playtimes at re-
view is 344 min (= 5.73 hours). Significant differences were checked
with ANOVA and its Fisher’s LSD variant as can be observed in Table 7
and Table 8.

As can be seen in Table 8, there are significant differences between
almost all TLGs. However, according to Table 9, tabletop games are an
exception. They belong to both “a” and “b” groups. This shows that the
mean playtime at review of tabletop games is similar to the mean
playtime of simulation games and RPGs. However, the mean playtime at
review of simulation games is significantly different from RPGs.
Although, what is the case when these data are grouped by whether the
reviews are positive or negative? These groups can be observed in
Table 9.

According to the results presented in Table 9, players with a more
positive experience write reviews much later than those with a negative
one. After comparison, it can be observed that the differences are sig-
nificant in every case (416,352,427 <W<2,286,496,892,581;p<.001).
The largest increase in playtime is in the case of simulation games by
approximately 59.88%. The smallest one is in the case of the RPGs by
about 25.33%. The median of playtime at review is 406 min when all
positive reviews are examined, while it is 124 min in the case of all
negative ones. As done previously, significant differences were checked
with ANOVA and its Fisher’s LSD variant as can be seen in Table 10 and
Table 11.

As can be observed in Table 11, there are more than one pair in
several groups. This means that there are no significant differences be-
tween them. For example, the mean playtime at review of tabletop

Table 5
Comparing word number and review type in TLGs with ANOVA.
Df Sum of squares Mean of squares F P
TLG 10 237,700,000 23,770,000 1624.2 <.001
Review type 1 5,739,000,000 228 5,739,000,000 392,134.0 <.001
TLG & Review type 10 10,980,000 1,098,000 75.0 <.001
Residuals 31,653,094 463,300,000,000 14,640 - -
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Fig. 2. The playtime at review and their distribution grouped by TLG.
Table 7
Comparing the playtime at review in TLGs with ANOVA.
Df Sum of squares Mean of squares F p
TLG 10 1,871,000,000,000 187,100,000,000 1024 <.001
Residuals 31,566,213 5,769,000,000,000,000 182,800,000 - -
Table 8 review of sports games with positive reviews. By looking at the groups in

The mean playtime at review in each TLG using Fisher’s LSD for ANOVA. The
playtime is in minutes.

TLG Mean playtime at review Group
Simulation 2285.3 a
Tabletop 2267.6 ab
RPG 2245.7 b
Strategy 2191.8 c
Sports 2126.1 d
Action 1943.6 e
Racing 1907.2 f
Adventure 1846.7 g
Puzzle 1765.3 h
Casual 1537.2 i
Experimental 708.5 j
Table 9

The playtime at review grouped by genre and review type. The playtime is in
minutes.

Genre M, M, SD, SD, Mdn, Mdn,
Action 2043.0  1512.1 1,2873.9 14,644.5 401 116
Adventure 1931.5 1468.4 1,2574.1 14,3349 405 130
Casual 1614.7 1168.4 1,0753.5  9586.1 320 110
Experimental ~ 742.9 514.6 6249.9 5780.4 230 74
Puzzle 1845.7 1398.4 12,297.0 13,935.8 379 120
Racing 2005.4 1518.2 13,077.6 15,777.9 383 101
RPG 2336.9 18645  13,420.1 16,364.7 532 171
Simulation 2467.7  1543.4  15,458.0 13,888.7 427 120
Sports 2264.7  1598.3 13,060.5 13,383.3 383 108
Strategy 2335.9 1579.0 14,529.1 14,785.0 438 129
Tabletop 2323.4  2081.6  12,123.8 13,599.1 426 175

games with positive reviews can be found in groups “b” and “c”.
Therefore, their mean playtime at review is similar to the mean playtime
at review of RPGs with positive reviews, strategy games with positive
reviews, and sports games with positive reviews. Meanwhile, the mean
playtime at review of RPGs with positive reviews and strategy games
with positive reviews is significantly different from the mean playtime at

Table 11, several similarities can be seen between them. However, ac-
cording to these results, whether the review is positive or negative has a
significant effect on mean word numbers and playtime at review. This
phenomenon is illustrated in Fig. 3 with 95% CIs. The basis (intercept)
variable was “negative review” in the case of the review length (number
of words) and when examining the mean playtime at review.

According to the results presented in Fig. 3, the following can be
concluded. The review type has significant effects on all TLGs since the
95% ClIs did not reach zero. It was mentioned that the basis variable was
“negative review” in the case of review length. This means that positive
reviews are significantly shorter than negative ones. Experimental
games have the largest difference in word numbers between review
types. It was also mentioned that in the case of playtime at review, the
basis variable was “negative review” as well. Fig. 3 shows that positive
reviews are written significantly later in each case than negative ones.
The largest difference was in the case of simulation games, meaning that
positive reviews about them are written at the latest moment.

Next, it was assessed whether there was a relationship between the
times at review and word numbers. Therefore, the correlation was
investigated in all TLGs. When all reviews and their length were
analyzed, no correlation could be found in each TLG (s € [—.04; .03],
while p < .001 in each TLG). In the case of the positive reviews only, no
relationship could be found between the two variables in every TLG
(rs € [— .01; .04]; p < .001). When investigating the relationship be-
tween negative reviews and their word number, no correlation could be
found in each TLG (rs € [.13; .18] ; p < .001). However, as can be
observed, the correlation coefficient is somewhat higher in this case than
previously.

4.2. Sentiments in the reviews

Before assessing the basic emotions in the text, the emotional va-

glences in narrative time were examined. As was mentioned in subsection

3.2, 25 chunks were used for the narrative times in each case. The results
of this analysis can be seen in Fig. 4.
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Table 10
Comparing playtime at review and review type in TLGs with ANOVA.
Df Sum of squares Mean of squares F p
TLG 10 1,871,000,000,000 187,100,000,000 1024.0 <.001
Review type 1 1,752,000,000,000 1,752,000,000,000 9588.2 <.001
TLG & Review type 10 154,600,000,000 15,460,000,000 84.6 <.001
Residuals 31,566,202 5,767,000,000,000,000 182,700,000 - -
Table 11 adventure games (23.93%). Contrarily, the smallest decrease is in the

Comparing TLGs, review type, and mean of playtime using Fisher’s LSD for
ANOVA. The playtime is in minutes.

TLG and Review type Mean playtime at review Group
Simulation & Positive 2467.7 a
RPG & Positive 2336.8 b
Strategy & Positive 2335.9 b
Tabletop & Positive 2323.4 be
Sports & Positive 2264.7 c
Tabletop & Negative 2081.6 d
Action & Positive 2043.0 d
Racing & Positive 2005.4 d
Adventure & Positive 1931.5 e
RPG & Negative 1864.5 f
Puzzle & Positive 1845.7 f
Casual & Positive 1614.7 g
Sports & Negative 1598.3 gh
Strategy & Negative 1579.0 h
Simulation & Negative 1543.4 hi
Racing & Negative 1518.2 bij
Action & Negative 1512.1 ij
Adventure & Negative 1468.4 j
Puzzle & Negative 1398.4 k
Casual & Negative 1168.4 1
Experimental & Positive 742.9 m
Experimental & Negative 514.6 m

As can be seen in Fig. 4, overall, the emotions are positive. It is also
observable that the emotional valence in reviews tends to decrease
through narrative time. This means that reviews are more positive in the
beginning. However, in the case of tabletop games, the emotional
valence is greatly increased in the end, almost to the valence values in
the beginning. Also, experimental games have the most ups and downs.
Compared to the beginning of the text, they also have the largest
decrease in positive emotions by the end (40.66%). The second largest
difference between the beginning and end of the review occurs when the
puzzle games are examined (30.30%), while the third is in the case of the

Action — m
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-40
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230

case of sports games, which is 0.40%. Similarly to the previously used
text analysis methods, the reviews are grouped by whether they are
positive or negative. These groups can be observed in Fig. 5. Positive and
negative reviews are plotted in each subfigure of Fig. 5. While it was
expected that positive reviews have more positive emotional valences
than negative ones, this expectation turned out to be the case.

Even though it looks like the shapes of emotional valences are similar
between positive and negative reviews, they are significantly different
according to the results of the Wilcoxon signed rank test
(300 < V < 325; p < .001). However, how does the emotional valence
of positive reviews tend to decrease from the beginning to the end in the
case of each TLG? The percentages of these decreases are shown in
Table 12.

According to the data presented in Table 12, the decreases in
emotional valences are stronger in most cases of negative reviews.
However, there are four TLGs where the decreases in emotional valence
are weaker in the case of negative reviews. These four are the following:
experimental games, RPGs, simulation games, and sports games. It can
also be observed that puzzle and strategy games have the largest dif-
ferences in the decreases. This latter fact implies that they experience
stronger negative feelings during writing.

After the emotional valences were assessed, the following step was to
understand the basic emotions in the text. First, the percentage of sen-
timents was calculated and grouped by TLGs as can be observed in Fig. 6.

When all data are analyzed, the following can be concluded
regarding each emotion.

e Anger: Players felt the most anger while writing reviews for action
games (10.62%).

e Anticipation: Writing reviews for tabletop games yielded the most
anticipation (19.22%).

e Disgust: The most disgust was felt during writing reviews for racing
games (6.29%), and sports games are a close second (6.21%).

[T

Action —
Adventure — m
Casual — |:|:|
Experimental — I:I:I
Puzzle — m
Racing I:l:’
RPG — D:’

Simulation —

Sports [I]
Strategy — |:|:|
T

Tabletop —

T T
o o
o o
< (%]

200
800
1000

Playtime at review (minutes)

Fig. 3. 95% CIs of review lengths (left) and playtime at review between positive and negative reviews (right).
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Fig. 4. Emotional valence between TLGs. The figure is split into four parts for better readability.

o Fear: Players expressed the most fear when writing reviews for action

games (12.24%).
Joy: Players felt the most joy when reviewing experimental games

(18.43%).

Sadness: Similarly, the largest amount of sadness was felt while

writing reviews for experimental games as well (13.32%).
e Surprise: The same TLG as previously produced the largest amount of
surprise (9.20%).

Trust: Players trusted tabletop games the most (19.054%), and

simulation games almost have the same amount of trust (19.053%).

After analyzing the sentiments by TLG, they were grouped by
whether the reviews were positive or negative. The resulting groups are
shown in Fig. 7.

According to the data, the average percentages increased in the case
of negative reviews in the following emotions: anger (35.87%), disgust
(69.55%), fear (25.08%), and sadness (40.45%). It could also be
concluded that the average percentages of the following emotions
decreased: anticipation (17.18%), joy (32.12%), surprise (18.03%), and
trust (11.87%). These facts imply that the positivity of reviews affects
the percentage of sentiments.

However, what about the average sentiments per TLG? The averages
were calculated and are illustrated in Fig. 8.

Every difference between emotions in each TLG is strongly and
significantly different, except in the following combinations.

e Anger

.061),

o casual and experimental games (W = 116,699,944, 396; p _;)31

o racing and simulation games (W = 1,510, 750,040,110; p
.155).

e Disgust
o experimental and racing games (W = 35,151,670,060; p
.232),

o experimental and simulation games (W = 218,896,471,733,;

p =.171).

e Fear
o action and adventure games (W = 7,320,037,263,631; p
.077),

o action and tabletop games (W = 264,962,782,199; p = .562),

o adventure and tabletop games (W = 459,441,739,995; p
.977),
o experimental and racing games (W = 35,314,999,028; p
.090),

o experimental and simulation games (W = 218,060, 312,902;

p = .236),
o experimental and sports games (W = 77,276,837,228; p
475),
o simulation and sports games (W = 3,318,446,297,406; p
.122).

e Sadness
o adventure and tabletop games (W = 459,177,032,561; p
.608),
o experimental games and RPGs (W = 111,986,718,287; p
.067),
o simulation and sports games (W = 3,318,851, 660,765; p
.066).

e Surprise
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Fig. 5. Emotional valence between TLGs, positive and negative reviews. The figure is split into six parts for better readability.

Table 12

How emotional valence decreases from the beginning to the end in each TLG.
TLG Decrease, Decrease,
Action 21.70% 31.98%
Adventure 24.83% 37.06%
Casual 15.34% 23.94%
Experimental 40.72% 26.04%
Puzzle 16.13% 69.07%
Racing 5.16% 38.90%
RPG 13.74% 8.59%
Simulation 12.88% 9.10%
Sports 1.69% 0.83%
Strategy 10.97% 50.08%
Tabletop 3.59% 14.01%

232

o action and strategy games (W = 9,664,256,232,929; p =
.054).

Similarly to the previous analyses, whether the reviews are positive
or negative was also investigated as the next step. The sentiments of
these groups are presented in Fig. 9.

While the percentages (Fig. 7) are similar to each other, as can be
observed in Fig. 9, the average number of sentiments per review is quite
different. Every sentiment is strongly and significantly different between
review types in each TLG, except for joy in the case of experimental
games (W = 658,851,036; p = .118). However, what are the differ-
ences in emotions between TLGs in the case of positive or negative
reviews?
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Fig. 7. Percentages of sentiments grouped by positive and negative reviews.
From dark to bright the emotions are anger, anticipation, disgust, fear, joy,
sadness, surprise, and trust.
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First, the emotions in positive reviews were compared between all
possible combinations of TLGs. Most differences were strongly signifi-
cant, thus it is easier to present those that were not. These non-
significant differences can be seen in Table 13.

As can be seen in Table 13, there are 20 non-significant differences in
emotions when positive reviews are examined. Puzzle and tabletop
games were the most similar, as they had three non-significant differ-
ences between the eight emotions. Some pairs had two non-significant
differences. These three pairs are racing and simulation games, racing,
and sports games, as well as strategy and tabletop games. These
mentioned TLGs are similar to each other in positive reviews in case of
negative emotions. However, what is the case with negative reviews?

Table 14 shows their non-significant differences in emotions between 33

TLGs.
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Fig. 9. Average sentiments per review, grouped by TLG and review type. From
dark to bright the emotions are anger, anticipation, disgust, fear, joy, sadness,
surprise, and trust.

Judging by the size of Table 14 alone, there are more non-significant
differences in emotions contained in negative reviews. In fact, there are
38 pairs of TLGs. Racing and sports games proved to be the most similar
in this case since six emotions are not different between the two. This
means that in the case of negative reviews, players tend to have similar
emotions about these two TLGs. All other pairs have three emotions at
most that are similar.

5. Discussion
While several studies investigate Steam reviews from different per-

spectives, only a few exist that can be compared to our study at the time
of writing. One such comprehensive study is written by Lin et al. (2019),
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Table 13
Non-significant differences in emotions in the case of positive reviews amongst
TLGs.

Emotion TLG w p-value
Anger Experimental & Sports 52,153,755,865 .093
Anger Racing & Simulation 966,893,048,750 811
Disgust Action & Experimental 101,206,785,489 .751
Disgust Experimental & Puzzle 200,214,015,679 116
Disgust Puzzle & Tabletop 327,587,939,063 111
Disgust Racing & Simulation 967,184,432,390 .440
Disgust Racing & Sports 337,904,107,318 .846
Disgust Simulation & Sports 2,106,541,693,035 .448
Disgust Strategy & Tabletop 377,256,968,326 .285
Fear Action & Adventure 4,859,173,635,068 .507
Fear Casual & Sports 1,154,646,645,759 138
Fear Puzzle & Tabletop 326,998,775,274 978
Fear Strategy & Tabletop 378,457,064,769 141
Joy Adventure & Casual 3,920,051,755,683 174
Joy Experimental & RPG 77,111,664,511 223
Sadness Action & Casual 2,248,954,736,553 417
Sadness Puzzle & Tabletop 327,147,212,766 .710
Sadness Racing & Sports 337,362,182,576 .050
Surprise Action & Strategy 6,362,241,028,187 .660
Trust Casual & Strategy 5,128,744,677,330 .457

Table 14

Non-significant differences in emotions in case of negative reviews amongst

TLGs.
Emotion TLG w p-value
Anger Action & Tabletop 11,498,007,285 .288
Anger Casual & Racing 28,215,360,086 .691
Anger Casual & Simulation 170,983,527,612 .178
Anger Puzzle & Strategy 648,335,657,896 .999
Anger Puzzle & Tabletop 21,528,155,186 .944
Anger Racing & Simulation 60,062,700,111 .185
Anger Strategy & Table 26,676,938,171 947
Anticipation Adventure & Tabletop 19,396,987,464 .361
Anticipation Casual & Puzzle 205,010,904,946 479
Anticipation Casual & Strategy 254,323,860,199 .069
Anticipation Puzzle & Strategy 649,043,471,709 139
Anticipation Racing & Sports 22,377,438,018 .073
Disgust Action & Puzzle 278,732,001,492 .805
Disgust Action & Tabletop 11,496,617,632 .296
Disgust Experimental & Simulation 6,470,695,926 .065
Disgust Puzzle & Tabletop 21,579,987,606 .326
Disgust Racing & Sports 22,468,981,491 .591
Disgust Strategy & Tabletop 26,578,185,518 .180
Fear Experimental & Racing 1,070,005,851 .406
Fear Experimental & Sports 2,416,840,276 144
Fear Puzzle & Strategy 648,414,416,157 .866
Fear Racing & Sports 22,387,554,028 116
Joy Casual & Tabletop 8,463,167,371 135
Joy Puzzle & Tabletop 21,561,524,213 522
Joy Racing & Sports 22,431,412,706 .660
Joy Strategy & Tabletop 26,626,765,663 .529
Sadness Action & Strategy 345,563,542,229 431
Sadness Adventure & Experimental 7,072,359,644 .490
Sadness Casual & Tabletop 8,407,106,734 .377
Sadness Experimental & Puzzle 7,859,403,460 111
Sadness Racing & Sports 22,471,857,198 .549
Surprise Adventure & Tabletop 19,478,166,297 523
Surprise Casual & Strategy 253,535,117,288 .169
Surprise Racing & Sports 22,381,132,473 .064
Trust Adventure & Tabletop 19,441,416,383 1929
Trust Casual & Simulation 170,972,338,388 .168
Trust Experimental & RPG 3,252,549,406 .082
Trust Puzzle & Simulation 437,755,075,712 .187

and it investigates Steam reviews from several perspectives, but some
sections provide similar analyses. The study of Guzsvinecz (2023) in-
cludes correlation and sentiment analyses regarding “Souls-like” game
mechanics. The answers to our RQs and the comparison to these studies
can be observed in subsection 5.1. The implications and limitations of
this study are detailed in subsections 5.2 and 5.3, respectively.
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5.1. Discussion of the results

According to the results, the answers to the RQs have been found.
RQ1 dealt with the length of the reviews between TLGs. The answer to
this RQ shows that the length of the reviews is significantly different
between the TLGs. The results are similar in the case of positive reviews
as they also significantly differ between the TLGs. There are some ex-
ceptions between the TLGs when negative reviews are examined. The
length of negative reviews is significantly longer than that of positive
ones in each TLG, and as a result, their means are different as well
(M, € [52.7; 64.5]; M, € [83.4; 100.3]). A similar phenomenon can be
observed when medians are examined. The median word number of
positive reviews is 19, while it is 40 in the case of the negative ones.
These facts imply that negative reviews contain more information about
player experience. In the literature, Lin et al. (2019) also investigated
the length of reviews on a smaller dataset with 28,159 reviews. Contrary
to our conclusions, they concluded that the length of negative reviews is
only slightly longer than that of positive ones. It should also be noted
that their median word number was 30 for the whole dataset, while in
our case it is 22.

Regarding RQ2, the relationship between playtimes at review and
word numbers was investigated. Lin et al. (2019) concluded that nega-
tive reviews are written significantly earlier than positive ones. They
concluded with a median of 6.6 h in the case of the negative reviews, and
a median of 15.5 h in the case of the positive ones. Our results show a
similar phenomenon as well, and this fact is also true among all TLGs.
However, possibly due to the larger dataset, our results show that the
median of playtime at review is 124 min (= 2.06 hours) when all
negative reviews are examined, while 406 min when all positive ones
are analyzed (= 6.76 hours). The means of TLGs also show a similar
phenomenon (M, € [8.6; 34.7] hours; and M, € [12.4; 41.1] hours).
Consequently, we also conclude that the first few hours are the most
important when talking about player experience. Furthermore, it can
also be concluded that the number of hours before reviewing is signifi-
cantly different among the TLGs, meaning that players experience them
differently before deciding whether they recommend a game or not.
Before reviewing, players play tabletop games the most in case of
negative reviews. In case of positive reviews, players play simulation
games the most. While Lin et al. (2019) concluded that casual games
have the smallest amount of playtime before reviewing, experimental
games were found to have the smallest amounts in our dataset. It should
be noted that different genres were investigated in that study.

Our results also show that there is no correlation between playtime
and review word numbers. This is the case among the TLGs as well. In
the literature, Guzsvinecz (2023) investigated the correlation between
playtime and whether a review is positive in the case of 21 “Souls-like”
games. In that study, a larger correlation coefficient interval was found
(rs € [13; .32]). While those results do not present stronger correlations,
it can be stated that weak relationships can be found in some cases. This
conclusion implies that there may be some games that have a correlation
between playtime and the positivity of reviews. Consequently, the cor-
relation between playtime at review and review length should not be
investigated among TLGs, but instead between various genres or
sub-genres. By doing so, stronger correlation coefficients may be
observed.

Lastly, RQ3 can also be answered. Based on the results presented
earlier, it is possible to conclude that the emotions in reviews between
TLGs are usually different. The keyword here is usually since few
emotions are similar between TLGs. When reviews are grouped by
whether they are positive or not, the number of similarities between
TLGs increases. This number is greater in the case of negative reviews.
This means that more pairs of TLGs have similar negative emotions. If
we do not compare TLGs, but genres or sub-genres, more similarities
could be found among emotions (Guzsvinecz, 2023). However, the
emotional valence in reviews provides another perspective. Even though
negative reviews contain fewer positive emotions, the emotional valence
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of all reviews decreases over narrative time. This means that it does not
matter whether a review is positive or negative, because positive emo-
tions can be found at the beginning of the review. However, the
emotional valence increases a little by the end.

5.2. Implications of the study

The video game industry and market are huge since several games
are launched each week. Most of these games quickly become available
on at least one of the digital distribution platforms, such as Steam. Not to
mention that a great number of people play video games in their free
time. Therefore, the implications of these results are of great impor-
tance. With their help, we can take a step towards understanding the
relationship between players and video games. The results show when
and how long are reviews written, depending on TLG and type of the
review. They also show how players feel about various TLGs, as well as
what feelings they express about them when they write a positive or
negative review. The developers of games can use these results when
developing their games by taking into account the feelings of players.
Since developers want people to like their games, the opinions and ex-
periences of players are crucial to them. Thus, they have to carefully
design each TLG as well as they have to make the first few hours the most
interesting to players.

5.3. Limitations of the study

Naturally, this study has its limitations as well. The first limitation is
that only the most recent 1000 reviews were investigated per game.
There is a possibility that the results may change if a larger dataset is
used. Thus, to reach a more accurate conclusion, all reviews on Steam
should be analyzed. However, this is not easy to achieve due to the
following: First, the number of reviews is quickly increasing each min-
ute. Secondly, the number of games is also quickly increasing. Thirdly, a
large computational power is required for analysis. The computer used
for the analysis had 32 GB of memory, and it had a difficult time
analyzing this large number of reviews.

The second limitation is that only English reviews were investigated.
Similarly, more accurate results could be yielded if reviews of other
languages were analyzed as well.

The third limitation is that only reviews on Steam (and thus, on PC)
were investigated. If other digital game distribution platforms were
included in the analyses, the results could become more representative
as well. Therefore, the results may not be directly generalizable to other
gaming platforms, since user behavior and review patterns could change
between them.

The fourth limitation is the scraping process itself. Naturally, it is
impossible to scrape all reviews at once due to the large number of data.
As was mentioned previously in the paper, the scraping process took
approximately a month from mid-August 2022 to mid-September 2022.
This long duration can introduce the possibility of temporal variations in
user sentiments. In the future, it could also be analyzed whether there
were any significant changes in sentiments over the course of the data
collection process.

Lastly, as can be observed, only the TLGs were investigated in this
study. However, according to the Steam documentation, there are 68
genres, 61 sub-genres, and several other categories of tags (Valve Cor-
poration, 2022c). If these tags are investigated as well, the results could
be more descriptive about players and video games as well. Further-
more, the results would provide a deeper understanding of human
behavior in gaming and player experience.

6. Conclusions

In this study, 35, 983, 481 Steam reviews were analyzed using NLP9 35

methods to understand player experience and players’ emotions. To
analyze the emotions of players, 11 TLGs were chosen for investigation.
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Thus, the reviews of players were compared between them. The
following points can be concluded.

1. Word numbers significantly differ between TLGs as can be observed
in Table 4. The longest positive and negative reviews are written for
RPGs, while the shortest positive and negative reviews are written
for racing games. However, the number of words is significantly
larger in case of negative reviews in every TLG. Overall, the median
word count for positive reviews is 19, while it is 40 for negative ones.

2. Positive reviews are written much later (Mdn, ~ 6.76 hours of
playtime) than negative ones (Mdn, ~ 2.06 hours of playtime). In the
case of negative reviews, tabletop games are played for the most
hours before reviewing, while in the case of positive reviews, simu-
lation games are played for the most hours. Experimental games
were played for the least amount of time before reviewing in the case
of both review types.

3. There is no correlation between word numbers and time at review.
This is the case in all TLGs. Whether the review’s type is positive or
negative, it only weakly affects the strength of the correlation coef-
ficient. However, an analysis should be conducted in smaller genres
or sub-genres.

4. Even though negative reviews contain more negative sentiments, all
reviews start on a somewhat positive emotional valence. As people
write reviews, they tend to experience negative emotions, decreasing
the emotional valence through narrative time. In most TLGs, the
decrease of emotional valence through narrative time is stronger in
negative reviews. There are some TLGs in which the valence in-
creases a little in the end.

5. The average number of emotions per review is significantly different
among TLGs. However, some similarities in the average number of
emotions between TLGs could be found in positive reviews, while
they increase in negative ones. By analyzing the emotions in text,
racing and sports games proved to be the most similar in case of
negative reviews.

Due to these conclusions, a step was taken to understand the emo-
tions of players and their experiences. Game developers can also take
these results into account when creating a new game in a certain TLG.
After all, gaming itself is a huge market, and developers have to create
likable games for players. Thus, it is critical to understand what players
like about video games and these 11 TLGs. However, this requires
further investigation since understanding the relationship between
video games and players is an extensive field of research.
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Abstract

Cybersickness remains a persistent challenge in immersive game design, yet most empirical research relies on laboratory-
based trials with limited ecological validity. In contrast, this study analyzes over 1.3 million user-generated reviews from
the Steam platform to examine how players experience, mitigate, and discuss cybersickness in first-person virtual reality
(VR) games. Using large-scale computational text analysis, the study integrates topic modeling, lexicon-based sentiment
analysis (VADER), and Random Forest classification to identify sickness-related narratives, self-reported mitigation strate-
gies, and emotional framing in player reviews. The results show that cybersickness is more frequent in negative reviews;
however, it also appears in a non-negligible subset of positive reviews. Reviews mentioning cybersickness tend to be
longer and are associated with shorter playtimes at the time of review. Furthermore, surface-level textual and behavioral
features, mainlyy word count and sentiment polarity reliably distinguish sickness-related reviews from other forms of
player dissatisfaction. The analysis also reveals commonly reported mitigation strategies, including session control, seated
play, and locomotion adjustments, while showing considerable inter-individual variability in their perceived effectiveness.
Based on these results, the study derives design recommendations emphasizing player-centered comfort options and cus-
tomizable locomotion systems. Overall, the results demonstrate the value of large-scale computational text analysis for
capturing real-world VR experiences and informing inclusive, comfort-aware game design beyond laboratory settings.

Keywords Cybersickness - Game design - Natural language processing - Steam review - User experience - Visually
induced motion sickness - Virtual reality sickness

1 Introduction

Cybersickness remains a major challenge in virtual reality
(VR) applications. In the literature, it is also discussed under
related terms such as visually induced motion sickness
(VIMS) and virtual reality-induced symptoms and effects
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(VRISE), which are often used interchangeably to describe
discomfort arising from visual-vestibular mismatch in
virtual environments. Throughout this paper, the term
cybersickness is used as the primary descriptor for VIMS
experienced in VR environments. The term motion sickness
is used only where it appears in user-generated reviews or
when referring to established terminology in prior literature.

Cybersickness is a motion-sickness-like syndrome char-
acterized by symptoms such as nausea, dizziness, head-
aches, disorientation, and visual fatigue (Biswas et al. 2024;
Chang et al. 2020; Oh and Son 2022). These effects can
significantly impair enjoyment and usability of VR content.
Prior research consistently reports that immersive VR gam-
ing produces higher levels of such symptoms than compa-
rable desktop-based experiences (Yildirim 2019).

Despite extensive laboratory-based research, data on
cybersickness derived from actual consumers remains rel-
atively scarce. Experimental studies often rely on small,
homogeneous samples and controlled environments which,
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while effective for isolating causal mechanisms, may fail to
capture the variability and contextual richness of real-world
VR use. In contrast, public game reviews on platforms such
as Steam provide a large-scale and ecologically valid source
of user feedback. Such reviews may express opinions on
technical issues, gameplay features, and developer recom-
mendations, or describe players’ lived experiences dur-
ing gameplay (Busurkina et al. 2020; Kang 2017; Li et al.
2021; Lin et al. 2019). Furthermore, reviews can also reflect
spontaneous, experience-driven accounts of cybersickness.
From a research perspective, large-scale textual analysis of
such user-generated content offers insights that are difficult
to obtain in laboratory settings, including how symptoms
emerge over time, how players adapt or acclimate, and
which mitigation strategies are perceived as helpful or inef-
fective in everyday use.

Prior work has demonstrated the utility of this approach.
Topic modeling, sentiment analysis, and other natural lan-
guage processing (NLP) techniques have been applied to
large review corpora to uncover latent themes related to
player satisfaction, immersion, and discomfort (Youm and
Kim 2022; Deng et al. 2024; Guzsvinecz and Sziics, 2023).
While earlier studies reported that cybersickness mentions
in Steam VR reviews were relatively rare and declining over
time (Epp et al. 2021), the present study extends this line of
research in three key respects:

e Substantially larger dataset size,

e A focused analysis of VR games with a first-person per-
spective (VR FPS games),

e A combined qualitative—quantitative approach that links
sickness narratives to mitigation strategies, sentiment,
and behavioral features.

The study deliberately focuses on English-language Steam
reviews of VR FPS games. FPS titles represent one of the
most locomotion-intensive VR genres, characterized by
continuous optic flow, frequent rotational movements, and
high vection intensity. These factors are consistently asso-
ciated with elevated cybersickness risk. While this focus
enhances internal validity for sickness-prone VR experi-
ences, it necessarily limits the generalizability of the results
to other VR genres, platforms, and linguistic contexts.
Beyond identifying whether cybersickness is mentioned,
this study also examines the emotional tone of player nar-
ratives. Cybersickness may be framed as a severe barrier,
a manageable inconvenience, or an acceptable trade-off
for immersive gameplay, and these distinctions are often
reflected in emotional valence rather than symptom descrip-
tions alone. Understanding this emotional framing is criti-
cal for explaining why cybersickness sometimes appears in
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positive reviews and how players negotiate enjoyment and
discomfort.

Guided by this perspective, this study uses computational
text analysis to examine how cybersickness is articulated,
evaluated, and mitigated in real-world VR gaming experi-
ences. Accordingly, the following research questions (RQs)
were formulated:

e RQI: What strategies do players report using to mitigate
cybersickness in user-generated game reviews?

e RQ2: How effective are these self-reported mitigation
strategies according to players’ subjective experiences?

e RQ3: What emotional tone characterizes player narra-
tives about cybersickness in game reviews, and how
does this tone relate to positive and negative evaluations
of VR games?

e RQ4: Can behavioral and textual features of player re-
views reliably indicate the presence of cybersickness
experiences?

e RQS5: What design recommendations can be derived
from the self-reported experiences of players to improve
comfort and accessibility in VR games?

The remainder of the paper is structured as follows. Sec-
tion 2 reviews prior research on cybersickness in virtual
reality. Section 3 presents the materials and methods, fol-
lowed by results in Sect. 4 and discussion in Sect. 5. Con-
clusions are drawn in Sect. 6.

2 Background and related work

Cybersickness is most commonly explained by sensory
conflict theory, which attributes discomfort to mismatches
between visual, vestibular, and proprioceptive cues (Norouzi
et al. 2018). Complementing this account, postural instabil-
ity theory proposes that cybersickness arises when individu-
als are unable to maintain stable postural control in novel
or visually conflicting environments (Curry et al. 2020;
Reason and Brand 1975; Sherman 2002). These mecha-
nisms have been studied extensively in both simulator and
VR environments (Hakkinen et al., 2005). During virtual
navigation, optic flow can create a compelling illusion of
movement without corresponding physical cues, leading to
disorientation and discomfort (Keshavarz and Hecht 2011a,
2011b; So et al. 2001). Factors such as system latency, vec-
tion intensity, and spatial-temporal asynchrony between
sensory inputs further modulate sickness severity (Chang et
al. 2020).

Beyond core sensory mechanisms, content-related fac-
tors also influence cybersickness intensity. Prior studies
demonstrate that high virtual speeds, rapid rotations, and
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extended session durations correlate with increased discom-
fort (Lo and So 2001; Shigemasu et al. 2006). Movement
frequencies between 0.2—0.3 Hz appear particularly pro-
vocative, disrupting postural control and oculomotor bal-
ance (Golding and Gresty 2016). Rotational motion across
multiple axes and sustained optic flow during locomotion
further exacerbate symptoms (Bonato et al. 2009; Kesha-
varz and Hecht 2011a; Prithul et al. 2021).

Historically, hardware-related factors such as display
latency, flicker visibility, field of view (FOV), and stereo-
scopic rendering played a significant role in cybersickness,
particularly in earlier generations of head-mounted dis-
plays (Bos et al. 2010; Draper et al. 2001; Kim et al. 2008;
LaViola Jr., 2000). While modern head-mounted displays
(HMDs) have substantially improved refresh rates, tracking
precision, and motion-to-photon latency, hardware-related
causes are now generally considered secondary to content
design and locomotion mechanics, although they may still
exacerbate discomfort under demanding conditions (Seo et
al. 2017). Immersive HMDs were shown to provoke stron-
ger simulator sickness questionnaire (SSQ) scores compared
to monoscopic desktop viewing, mainly due to enhanced
vection (Dennison et al. 2016; Kim et al. 2014). Interest-
ingly, making VR graphics more realistic like adding depth,
sharper textures, or smoother motion does not always make
users feel better. Studies show that better visuals can make
cybersickness worse by making the brain expect movement
signals that never come (Carnegie and Rhee 2015; Davis
et al. 2015; Naqvi et al. 2015). When the visuals create a
strong sense of vection, users feel like they are moving even
though their body stays still. This disconnect can cause nau-
sea or dizziness, mainly in setups where users are seated or
standing without any real movement (Bonato et al., 2009;
Liu and Uang 2012; So and Lo, 2003).

Individual susceptibility to cybersickness varies widely
and is typically discussed within the broader VIMS frame-
work. Factors such as motion sickness history, prior VR
experience, age, gender, and personality traits have been
shown to influence cybersickness responses (Stanney et
al. 2003; Park et al. 2006). Some studies suggest that older
users (over~ 35 years) report lower SSQ scores than younger
users, possibly due to decreased sensory responsiveness or
experience-related expectations (Hékkinen et al., 2002;
Llorach et al. 2014). In addition to general instruments
such as the Motion Sickness Susceptibility Questionnaire
(MSSQ), VR-specific tools like the Virtual Reality-Induced
Symptoms and Effects Questionnaire (VIMSSQ) have been
developed to assess individual susceptibility and symptom
severity in immersive environments (Golding 1998; Den-
nison et al. 2016).
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Most mitigation strategies proposed in the literature focus
on content design and user interaction rather than hardware
constraints. Common approaches include:

e Locomotion redesign: Teleportation eliminates con-
tinuous optic flow and reduces sickness (Monteiro et
al. 2021), while artificial modifications like “comfort
mode” vignetting, blurred peripheral vision, or snap-
turning limit vection intensity (Carnegie and Rhee 2015;
Chang et al. 2020).

e Stable visual anchors: The inclusion of visual reference
frames (e.g., cockpit interiors or fixed grids) has been
proposed to support spatial orientation (Whittinghill et
al. 2015; Prothero et al. 1999); however, recent studies
report mixed or limited effectiveness for certain anchor-
based techniques such as the virtual nose (Rouhani et al.
2024; Yip et al. 2024). The effectiveness of anchor-based
solutions appears to depend on context, implementation,
and individual differences, and remains an active area of
research. Implementations such as GingerVR further il-
lustrate the practical interest in anchor-based approach-
es, although systematic evaluation remains limited (Ang
and Quarles 2020).

e Multisensory enrichment: The addition of congruent
sensory inputs (e.g., airflow, haptic vibration, pleas-
ant scents) may lower conflict and improve comfort
(Plouzeau et al. 2015; D’ Amour et al. 2017; Keshavarz
and Hecht, 2014).

e Limit session length: Users are encouraged to acclimate
gradually to VR and to take frequent rest breaks during
play. In essence, hardware optimizations (high refresh,
accurate head tracking) and UX design (locomotion
mode, comfort filters, session pacing) both influence
how quickly symptoms appear or subside (Chang et al.
2020; Draper et al. 2001).

In summary, cybersickness is a multifactorial issue driven
by sensory mismatches, hardware constraints, and indi-
vidual susceptibility. Design features like locomotion mode
and graphical realism have a major impact on symptom
onset or reduction. By analyzing user reviews on the Steam
platform, it is possible to gain a large-scale empirical win-
dow into how players experience and cope with cybersick-
ness. Computational analysis of this data can complement
traditional studies and can reveal what game mechanics and
strategies help mitigate cybersickness for VR gamers.
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3 Materials and methods

This section is split into two subsections. SubSect. 3.1
presents the scraping process used in this study, while Sub-
Sect. 3.2 details the data analysis.

It should be noted that five analytically distinct datasets
are used throughout this study:

e D,;: The full corpus of 1,375,125 English-language
Steam reviews of VR FPS games,

e D,: Arandomly sampled subset of 100,000 reviews used
exclusively to train the BERTopic model,

e D;: A cybersickness-focused subset of 1,898 reviews
identified via topic modeling and keyword filtering,

e D,: A manually inspected subset from D; that was used
to analyze mitigation strategies,

e Ds: Arandomly selected subset of 300 reviews that was
used for manual validation of Dj.

3.1 Data collection from steam

The data collection process was performed using the R sta-
tistical programming environment while using the rvest and
httr packages for web scraping. In addition, the Steam API
was accessed to retrieve metadata. Data scraping took place
during the spring of 2023.

The initial step involved gathering a list of VR games
and applications that had a first-person perspective. This
was accomplished via the GetdppList function from the
Steam API which returned all application IDs currently
listed on the platform. Each application’s store page was
then accessed using read html, allowing for the extraction
of tags that helped determine whether a title was VR in an
FPS mode. The extraction resulted in 6,243 VR FPS titles.
Only these titles were retained for further analysis.

Subsequently, the main scraping phase began. Reviews
were downloaded using HTTP GET requests as specified
in Steam’s developer documentation. To balance dataset
size and temporal relevance while avoiding overrepresen-
tation of highly reviewed titles, the dataset was limited to
the 1,000 most recent English-language reviews per VR
FPS game. In cases where fewer reviews were available,
all existing entries were included. This approach ensures
that the dataset reflects contemporary player experiences
while maintaining comparability across games. The scraped
dataset comprised 1,377,764 user reviews. However, empty
lines and possible duplicates were removed which resulted
in 1,375,125 reviews (D,). Out of them, 78.45% were posi-
tive and 21.55% were negative. Whether a review is posi-
tive or negative, can be set by the users when they write the
review. This metadata was also scraped for each review and
is referred to as review type throughout this study.
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3.2 Data analysis

To explore the thematic content of user reviews related to
cybersickness in VR games with FPS perspective, BER-
Topic was used. It is a topic modeling technique that
integrates transformer-based sentence embeddings with
clustering algorithms for improved semantic understanding
(Grootendorst 2022).

To ensure data quality and reduce noise, only non-
empty string entries were retained, and a sample of 100,000
reviews was randomly selected to facilitate efficient train-
ing while maintaining representativeness of the dataset
(D,). For semantic representation of texts, the pre-trained
sentence transformer model al/l-MiniLM-L6-v2 was used
(Reimers and Gurevych 2019). This model transforms each
review into a 384-dimensional dense vector embedding
which allows capturing contextual meaning beyond simple
keyword matching, thus enabling more complex topic dis-
covery. The BERTopic model was initialized and trained on
the sampled review embeddings and corresponding texts.
BERTopic first reduces the dimensionality of embeddings
using UMAP (Mclnnes et al. 2018) to preserve global
structure, then applies HDBSCAN (Campello et al. 2013)
clustering to identify semantically coherent groups of docu-
ments. Subsequently, it extracts representative keywords for
each cluster using class-based TF-IDF to facilitate interpret-
ability of topics. Once trained, the BERTopic model was
used to infer topic assignments and associated probabilities
for the entire dataset of reviews. This allowed us to map
each review to one or more thematic clusters, thus enabling
large-scale analysis of user experiences. The resulting topic
labels, probabilities, and original texts were compiled into
a structured dataset which served as the basis for subse-
quent qualitative interpretation and quantitative analysis of
the thematic distribution of cybersickness-related content.
Additionally, the resulting topics were filtered based on the
presence of the certain cybersickness-related keywords (as
shown in Appendix A). These keywords were selected after
an initial exploratory inspection of review texts, focusing on
terms that explicitly describe physiological discomfort (e.g.,
nausea, dizziness, vomiting). More ambiguous terms (e.g.,
“disoriented”) were excluded to reduce false positives, as
such expressions are frequently used metaphorically or in
non-physiological contexts within user-generated reviews.
Table 1 shows the top 10 topics that had matching keywords.

Based on keyword alignment, only topics with a match
percentage of at least 20% were retained for further anal-
ysis (Topics 74, 89, 99, and 701). Reviews assigned to
these topics were aggregated, resulting in a focused data-
set of 1,898 English-language reviews (D;). This dataset
was subsequently analyzed using a rule-based text clas-
sification approach to detect and categorize user-reported
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Table 1 The top 10 BERTopic topics associated with cybersickness-
related content. Match percentage indicates the proportion of reviews
assigned to a given topic that contain at least one predefined motion
sickness—related keyword. Matching keywords list the terms used to
identify explicit references to cybersickness within each topic

Topic ID Match percentage Matching keywords

74 40% Sick, nauseous, nausea, motion
89 40% Sick, nausea, motion, dizzy
99 20% Sick, motion

701 20% Sick, motion

106 10% Lag

117 10% Uncomfortable

303 10% Sick

667 10% Sick

710 10% Blur

793 10% Lag

cybersickness mitigation strategies (Ds). This step involved
compiling a set of manually curated keyword patterns, and
reviews were searched for substrings corresponding to one
or more of the following categories:

e Habituation: This corresponds to natural adaptation
over time, reflected in phrases such as “got used to it” or
“eventually felt fine.”

e [Locomotion adjustment: Player-directed changes to
movement schemes which include switching between
teleportation and smooth locomotion, using snap-turn-
ing, or adjusting arm-swing mechanics.

e Secated play: Descriptions of playing VR games in a seat-
ed position to reduce vestibular conflict or discomfort.

e Session control: Managing exposure through short play
sessions, scheduled breaks, or playing in intervals to
avoid sickness onset.

e Settings tweaks: In-game configuration changes such as
adjusting FOV, turning off anti-aliasing, modifying mo-
tion blur, or reducing graphical complexity.

e Controller swap: Switching input devices (e.g., from
motion controllers to gamepads or HOTAS setups) to
enhance control comfort and reduce strain.

e Failure to adapt: Instances in which users reported per-
sistent discomfort despite attempting cybersickness mit-
igation strategies.

To address potential noise introduced by keyword-based fil-
tering, a manual validation step was conducted. A random
subsample of 300 cybersickness-related reviews was inde-
pendently annotated by two authors (D). This was done to
assess whether each review explicitly described physiologi-
cal cybersickness rather than figurative or unrelated usage.
Inter-rater agreement was perfect (Cohen’s k=1.00). The
validation further revealed that 18.67% of the automati-
cally identified reviews described cybersickness, reflecting
figurative or ambiguous usage. This shows the linguistic
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ambiguity of sickness-related terminology in user-generated
reviews. This validation step also addresses the accuracy
of the keyword- and topic-based labeling procedure used
throughout the analysis.

To complement our thematic exploration of motion sick-
ness-related reviews, a sentiment analysis was conducted to
quantify the emotional valence expressed in user feedback.
The Valence Aware Dictionary and sEntiment Reasoner
(VADER) was used for this purpose. It is a lexicon- and
rule-based sentiment analysis tool optimized for social
media text, and it is broadly effective for short informal
texts such as user reviews (Hutto and Gilbert 2014).

After the subset of review texts identified as relevant
to cybersickness through prior keyword and topic model-
ing steps was extracted, sentiment scoring was performed
using the VADER framework as these texts served as the
input corpus for the analysis. The VADER sentiment inten-
sity analyzer was initialized and sentiment scores were
computed for each review text. VADER outputs four sen-
timent metrics: positive, negative, neutral, and compound
scores where the compound score is a normalized, weighted
composite ranging from -1 (most negative) to+1 (most
positive). Descriptive statistics were calculated on the
compound scores to characterize the central tendency and
variability of sentiments across the cybersickness-related
reviews. Sentiment polarity was classified using commonly
accepted VADER thresholds (compound score>0.05 for
positive,<—0.05 for negative, and values in between as
neutral), following Hutto and Gilbert (2014). Afterward, the
relative proportions of each sentiment class were computed
within the corpus to understand the overall emotional tone
of the dataset. Finally, to qualitatively illustrate the senti-
ment spectrum, reviews with the highest and lowest com-
pound scores were identified. This was used descriptively
to characterize emotional tone rather than to test inferential
hypotheses. Sentiment scores served as contextual features
informing subsequent analyses.

While qualitative review analysis provided an under-
standing of cybersickness mitigation strategies, detecting
mentions of cybersickness at scale necessitated supervised
machine learning support. Therefore, the Random Forest
classification was applied. However, it was not primarily
used for prediction, but to quantify how reliably textual and
behavioral features (e.g., word count, review type) signaled
the presence of cybersickness-related commentary. The Ran-
dom Forest classifier was selected due to its ability to handle
nonlinear feature interactions, mixed data types, and class
imbalance, while providing interpretable feature importance
estimates suitable for exploratory analysis. The Random
Forest analysis was not intended as a deployable predictive
system but as a diagnostic tool to assess whether simple
textual and behavioral features systematically co-occur
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with cybersickness-related narratives in large-scale user-
generated data. Thus, the Random Forest analysis served as
both a methodological check and an empirical complement
to our qualitative results. The Random Forest classifier was
trained to distinguish between reviews containing explicit
references to cybersickness (positive class) and reviews
without such references (negative class), irrespective of
review type. The following independent variables (features)
were extracted and used for training the model:

Review word count,
VADER compound score,

e Playtime at review which represents the total number of
minutes the user had spent playing the game at the time
of writing the review.

The dependent variable was modeled as a binary indicator
denoting whether a review explicitly mentioned cybersick-
ness (1) or not (0). A binary representation was chosen to
capture the presence of cybersickness-related experiences
rather than their perceived severity, as keyword frequency
in informal user-generated text does not reliably scale with
experiential intensity and may reflect stylistic variation
rather than symptom strength. Given the class imbalance
between negative and positive reviews, class weights were
applied to mitigate majority-class bias. Model performance
is therefore interpreted with caution, particularly for the
minority class.

The Random Forest classifier was implemented using the
scikit-learn Python library. The dataset was randomly split
into training and test sets with an 80:20 ratio and stratified
sampling was used to maintain the class distribution across
the two sets. The model was empirically configured with the
following parameters:

e n_estimators=100: the number of decision trees in the
forest.

e class weight=‘balanced’: to compensate for class im-
balance between cybersickness and non-cybersickness
labels.

e random_state=42: to ensure reproducibility of results.

Performance was assessed on the held-out test set using the
following metrics:

o Precision, recall, and F1-score for each class.
e Confusion matrix.
e Receiver Operating Characteristic (ROC) AUC score.

The aforementioned classification metrics were computed
using cybersickness-related labels derived from the topic-
and keyword-filtering pipeline as proxy ground truth. These
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labels indicate whether a review was identified as contain-
ing explicit references to cybersickness-related experiences,
rather than representing an independently validated clinical
ground truth.

To assess statistical associations, Pearson’s correlation
was used when both variables were continuous (e.g., review
length and playtime at the time of review), while point-bise-
rial correlation was applied when one variable was binary
(presence or absence of cybersickness-related content) and
the other continuous. Prior to applying Pearson’s correla-
tion, variables were inspected for monotonic relationships,
and given the large sample size, correlation analyses were
interpreted descriptively and considered robust to moder-
ate deviations from normality. Where variables exhibited
highly skewed distributions or extreme outliers, Mann—
Whitney U tests were used to compare distributions between
groups. Chi-squared tests were employed to assess associa-
tions between categorical variables, such as the presence of
cybersickness mentions and review type, with all expected
cell counts exceeding conventional thresholds due to the
large sample size.

Given the scale of the dataset, effect sizes were empha-
sized over statistical significance. Effect size values were
calculated using Cramér’s V for chi-squared tests, which
provides a standardized measure of association for con-
tingency tables (Cramer 1999). According to conventional
guidelines, values around 0.10 indicate small effects,
around 0.30 medium effects, and values of 0.50 or above
large effects. Correlation coefficients (r) and Mann—Whit-
ney U effect size values were interpreted using conventional
thresholds (small =~ 0.10, medium = 0.30, large =~ 0.50) fol-
lowing Cohen (1988).

4 Results

To group the results received during the analysis, this section
is split into five subsections. SubSect. 4.1 details the rela-
tionship between review type and cybersickness. SubSect.
4.2 presents the relationships between review length, time
at review and mentions of cybersickness. Subsection 4.3
shows the sentiments in the reviews. Subsection 4.4 pres-
ents the results of the Random Forest classification. Lastly,
Subsection 4.5 shows how players mitigate cybersickness.

4.1 Relationship between review type and
cybersickness

Out of all reviews analyzed (D,), the proportion of posi-
tive reviews mentioning cybersickness was 2.46%, com-
pared to 5.02% among negative reviews. In absolute terms,
1,052,388 positive reviews did not mention cybersickness,
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while 26,535 did. Among negative reviews, 281,343 did
not mention cybersickness, while 14,859 did. To statisti-
cally assess the association between review type and the
presence of cybersickness mentions, Pearson’s Chi-squared
test was conducted. The result was highly significant, y°(1,
N=1,320,125)=5,204, p<0.001, V'=0.061. This shows a
strong dependence between the two variables, but also has
a small effect size.

Next, the four cybersickness-related topics identified
through topic modeling were analyzed to examine whether
reviews grouped into semantically coherent clusters exhib-
ited similar patterns to those observed in the keyword-based
analysis (D;). Within the dataset of 1,898 cybersickness-
related reviews, sentiment analysis classified 1,472 reviews
as positive, while the remaining 426 were negative. Among
the positive reviews, 230 (15.62%) contained explicit men-
tions of cybersickness, whereas 1,242 positive reviews did
not. In contrast, cybersickness was mentioned in 28.40% of
negative reviews. Pearson’s Chi-squared test also yielded
significant results with a small, but stronger effect size, y*(1,
N=1,898)=34.95, p<0.001, V=0.135. Therefore, both in
the case of D, and D;, cybersickness-related experiences
were significantly more frequent among negative reviews
than positive ones.

4.2 Relationships between review length, time at
review and mentions of cybersickness

Beyond review type, length and playtime at review were
examined as proxies for player engagement and experiential
elaboration. Prior research suggests that users tend to pro-
vide longer and more detailed narratives when describing
complex or personally salient experiences, including physi-
cal discomfort (Guzsvinecz and Sziics, 2023 ; Lin et al.
2019). Examining whether cybersickness-related reviews
differ systematically in length and associated playtime helps
clarify whether cybersickness is reported as a brief com-
plaint or as part of a more extensive experiential account.
In addition, playtime may serve as a behavioral indicator
of tolerance or early disengagement, making its relationship
with cybersickness mentions relevant for understanding
how discomfort shapes player behavior.

First, the descriptive statistics were examined. They can
be seen in Fig. 1. However, since the variables show highly
skewed distributions with extreme outliers, non-parametric
statistical tests were applied. To improve interpretability and
to better reveal patterns and differences between positive
and negative reviews, a base 10 logarithmic transformation
was applied to the y-axis in all boxplots. It is important to
note that on a logarithmic scale, differences represent mul-
tiplicative rather than additive changes. Therefore, when
interpreting these plots, one should consider that equal

vertical distances correspond to equal ratios rather than
equal absolute differences.

First, the analysis was conducted on the whole dataset
(D;). Negative reviews were, on average, longer (M=80.39
words, SD=136.17) than positive reviews (M=51.87
words, SD=106.70). Their median number of words was
34.00 and 17.00, respectively. A weak positive point-
biserial correlation was found between review length and
cybersickness mentions (r(1,375,123)=0.2312, p<0.001,
95% CI. [0.2296, 0.2328]). There was also a significant
difference in review length between positive and nega-
tive reviews, as confirmed by the Mann—Whitney U test
(U=44,349,668,196.5, p<0.001, »=—0.24). Regarding time
at review, megative reviews were, on average, written ear-
lier (M=1,934.58 min, SD=14,263.43) compared to posi-
tive ones (M=2,386.08 min, SD=13,578.37). Their median
playtime at review was 108.00 and 354.00 minutes, respec-
tively. Also, an almost nonexistent negative correlation
was observed between playtime and cybersickness men-
tions ((1,370,629)=-0.0063, p<0.001, 95% CI: [-0.0080,
—0.0047]). The Mann—Whitney U test also confirmed a sig-
nificant difference in playtime distributions between posi-
tive and negative reviews (U=25,347,860,111, p<0.001,
r=0.30).

The same analysis was done for the four topics that fea-
tured cybersickness (D5). Similarly to the full dataset, nega-
tive reviews were longer (M=72.26 words, SD=115.74)
than positive ones (M=51.61 words, SD=86.45). Their
median number of words was 37.50 and 21.00, respec-
tively. Results showed a smaller positive correlation
between review length and review type (7(1,896)=0.122,
p<0.001, 95% CI: [0.078, 0.167]). Here, the Mann—Whit-
ney U test also showed a significant difference in review
length between positive and negative reviews (U=252,627,
p<0.001, r=0.14). Regarding playtime at review, nega-
tive reviews were also written earlier (M=909.62 min,
§D=6,024.32) than positive ones (M=1,740.33 min,
S§D=7,592.63) in this smaller dataset. Their median play-
time at review was 49.00 and 322.00 minutes, respectively.
Additionally, the correlation between playtime at review and
cybersickness mentions showed a very weak, but significant
negative association (r(1,891)=-0.074, p=0.001, 95% CI:
[-0.119,-0.030]). The Mann—Whitney U test also showed a
significant difference in playtime at review between positive
and negative reviews (U=445,167, p<0.001, »=0.31). This
pattern is consistent with earlier termination of gameplay
among players reporting discomfort.

4.3 Sentiments in the reviews

To assess the overall sentiment of players reviews, VADER
was used on both the full dataset and subset focusing on
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Fig. 1 Boxplots illustrating differences in review length and playtime
between negative and positive reviews. The top row shows review
length, and the bottom row shows playtime at the time of review. Left
panels correspond to the full review dataset (D,), while right panels

cybersickness only. In the full dataset (D,), the average com-
pound sentiment score was 0.341, with a median of 0.493,
a minimum of —1.000, and a maximum of 1.000. The stan-
dard deviation was 0.562 which suggests a relatively wide
range of sentiment polarities. Positive reviews accounted
for 65.79%, while negative reviews made up 20.33%. The
neutral ones were 13.88%.

The narrower dataset (D;) had a similar distribution.
Here, the average compound score was slightly higher at
0.360, with a median of 0.527, a minimum of —0.997, and
a maximum of 1.000. The standard deviation was 0.563
which, again indicated a broad spread of sentiments. Posi-
tive reviews comprised 66.90%, negative reviews 20.82%,
and neutral reviews 12.28%.

4.4 Random forest classification
The Random Forest classifier was executed on D;, and it

achieved strong performance in identifying reviews that
mentioned motion sickness based on textual and contextual
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show cybersickness-related reviews (D). Boxes represent the inter-
quartile range (IQR), horizontal lines indicate medians, white dia-
monds indicate means, whiskers extend to the most extreme values
within 1.5 xIQR, and individual points denote outliers

Table 2 Classification report of the Random Forest model distinguish-
ing cybersickness-related reviews from non-cybersickness reviews.
Class-wise precision, recall, and F1-scores reflect asymmetric perfor-
mance driven by class imbalance, with high overall accuracy primarily
influenced by the prevalence of non-cybersickness reviews

Non- Cyber- Accuracy Macro  Weighted
cyber-  sickness- average average
sickness related
reviews reviews
Precision 0.99 0.89 - 0.94 0.99
Recall 1.00 0.73 - 0.86 0.99
Fl-score 0.99 0.80 0.99 0.90 0.99
Support 266,746 8,279 275,025 275,025 275,025

features. The model reached a test accuracy of 98.9% and
a ROC AUC score of 0.94 which shows excellent classi-
fication ability. It should be noted that the resulting class
distribution was highly imbalanced, reflecting the relative
rarity of explicit cybersickness mentions in user-generated
reviews. This is shown in detail in Table 2 and Fig. 2.

The confusion matrix also showed that out of 8,279 cyber-
sickness-positive reviews, 6,005 were correctly identified,
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Fig. 2 ROC curve of the Random Forest classifier distinguishing
cybersickness-related from non-cybersickness-related reviews. The
area under the curve (AUC=0.94) indicates strong overall discrimi-
native performance. As shown in Table 2, model performance differs

while 2,274 were false negatives. The model also misclas-
sified 759 non-cybersickness reviews as false positives. In
other words, 6,005 reviews were consistently classified as
containing cybersickness-related content, corresponding
to approximately 72.6%. This value should be interpreted
as reflecting agreement with the operational definition of
cybersickness used in this study rather than as an estimate
of absolute detection accuracy.

Next, the feature importance of the Random Forest clas-
sifier was examined. The results of the examination can be
seen in Fig. 3. Consistent with the diagnostic goal of the
Random Forest analysis, feature importance scores high-
light which textual and behavioral characteristics tend to
co-occur with sickness-related commentary, rather than
indicating causal mechanisms.

As can be observed in Fig. 3, the feature importance
scores revealed that the most predictive feature was the
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between classes. Non-cybersickness-related reviews have higher recall
than cybersickness-related reviews which reflects the class imbalance
in the dataset

review word count, followed by the VADER sentiment
score, and lastly the playtime at review.

4.5 How players mitigate cybersickness

Further, manual analysis of D, showed that players rely on
arange of strategies to mitigate cybersickness. Table 3 sum-
marizes the relative prevalence of each strategy and pro-
vides representative player excerpts.

The most commonly used strategy by players was ses-
sion control. Within D, (n=276), 27.9% of reviews men-
tioned this strategy. Several players described consciously
limiting their exposure to VR by playing in short intervals or
taking regular breaks between sessions. Players frequently
described this approach as balancing continued gameplay
with the need to manage physiological discomfort. Players
also noted that they could only play for “10 to 15 min at a
time” before symptoms such as nausea or dizziness would
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review_word_count

vader_compound

Feature

playtime_at_review

Fig. 3 Relative feature importance derived from the Random Forest
classifier distinguishing cybersickness-related from non-cybersick-
ness-related reviews. Feature importance values reflect the contribu-
tion of each feature to classification decisions within the model and
should be interpreted comparatively rather than causally. The results

Table 3 Frequency of cybersickness mitigation strategies identified in
the subset of reviews that explicitly discussed mitigation approaches
(D,, n=276). Percentages are calculated with respect to this subset

Strategy Mentions Representative excerpts
Session 77 “Had to take breaks every few min-
control utes or I couldn t continue playing.”

“Motion sickness simulator. Had
to request a refund. Tried playing
seated, didn't help.”

“Normal locomotion=p**e fountain.

Seated play 65

Locomotion 49

adjustment Teleport is playable, but not as fun.”

Controller 34 “The mouse-camera made me

swap motion sick in about 2 min. Unplay-
able without control options.”

Settings 28 “Bought this game last year from the

tweaks Oculus store and disabled all post-

processing. Still makes me queasy.”
“Same game just in VR, perfect. |
was a bit concerned, but I got used
to it after a few plays.”

Habituation 13

Failure to 10
adapt

“Honestly, 1 like the game overall
but I can't play it longer than 5 min
before feeling sick.”
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0.25

0.20
Importance

indicate that review length and sentiment polarity contribute more
strongly to discrimination than playtime at the time of review, high-
lighting the descriptive role of textual features in identifying cyber-
sickness-related narratives

appear. Others described using scheduled pauses to gradu-
ally build tolerance over time, though with varying levels
of success. This strategy does not require additional hard-
ware or technical configuration and was described as rely-
ing primarily on user awareness and self-regulation. The
following excerpts illustrate session control as a commonly
reported mitigation strategy, in which players regulate play
duration or terminate sessions early in response to cyber-
sickness symptoms while still reflecting on the overall game
experience.

e “Unfortunately, I had to return this game, but not be-
cause it wasn t fun. After only a short time of playing, 1
started to get motion sick and couldn t play it anymore.”

® “Nota ‘bad’game... I did hit the recommend on the re-
view... [...] But fair warning, it can get on your nerves
at times so it requires some patience to play.”

Together, these examples demonstrate how players
described regulating play duration or terminating sessions
in response to discomfort.
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Seated play was the next behind session control in fre-
quency. This was referenced in 65 reviews (23.6%). Players
commonly reported that playing in a seated position reduced
perceived discomfort and was associated with increased sta-
bility during gameplay. However, player reports indicated
mixed outcomes. While some players praised seated play
for allowing them to enjoy otherwise uncomfortable experi-
ences, others expressed frustration that remaining station-
ary did not resolve the problem, mainly in games designed
around free movement. For certain users, seating introduced
new challenges, such as spatial disorientation when needing
to turn around physically or when using stationary control
schemes. Despite mixed outcomes, seated play was fre-
quently mentioned in reviews, particularly by players with
limited prior VR experience. More examples include:

o “Simple game with short 1vl PVP matches with cartoon
characters. Unfortunately, free movement is the ONLY
option, so I'm only able to play a few minutes before
motion sickness sets in”

® “Motion sickness simulator. Had to request a refund. 1
don t recommend it for people sensitive to false motion.”

o “I WANTED to like this game, but even after trying
standing up, sitting down, and varying settings, the diz-
ziness and neausea overpowered what fun this game

2

has.

Locomotion adjustment appeared in 49 reviews (17.8%)
which described the role of in-game movement mechanics
in player comfort. Many players recounted initial experi-
ences with smooth locomotion that resulted in immediate
nausea, prompting a shift to teleportation-based movement
or other alternative schemes such as snap turning or swing-
arm locomotion. While teleportation was in most cases
effective at mitigating discomfort, several reviews men-
tioned the trade-off in immersion and gameplay flow. As
one user said, “Teleport is playable, but not as fun.” These
comments reflected player preferences for having access to
multiple locomotion options. More examples include:

e  “Looks like it could be fun but the motion sickness is
overwhelming, game does not have teleport movement
and no plans to add. If you lean to motion sickness in
VR video games this one will have you ready to p**e in
minutes. I also tried all the suggested anti motion sick-
ness settings, did not help at all. I guess this ones not
for me.”

® “Normal locomotion=p**e fountain. Pro locomo-
tion=hand flailing silliness. Fitrun locomotion=p **ing,
sweating, and heavy breathing into other players ears
during/after an intense game. For me it goes: Play a
round, p**e, 1 h break, play a round, nearly p**e, take

a breather, play a round.... ect. Yeah graphics are meh,
and I nearly spew each time I play. But the point is.... [
keep coming back for more.”

Controller swapping was another strategy in 34 reviews
(12.3%). This means substituting VR-specific motion con-
trollers with gamepads, keyboards, or mice. This approach
was often used by players who struggled with disorienta-
tion or physical fatigue resulting from gesture-based inputs.
Reviews showed that traditional input devices sometimes
offered a sense of stability and predictability that motion
controllers lacked. However, some players expressed frus-
tration that certain games lacked adequate support for alter-
native controllers. Several reviews indicated that the lack of
support for alternative controllers limited accessibility for
some players. More examples include:

e “The mouse-camera made me motion sick in about
20 min. It looked cute though.”

o “Icantt play this game. My Simulator Sickness is above
and beyond. I tried keyboard and mouse, almost p**ed.
1 tried the controllers, but they aren't any better. The
game looked and sounded great, until I nearly p**ed.
Still recommend this game to anyone who can stomach
the movement.”

Technical settings tweaks were mentioned in 28 reviews
(10.1%). Players detailed adjustments such as reducing
graphical fidelity, disabling post-processing effects, modi-
fying the field of view, or turning off motion blur. While
these were often done with other strategies (e.g., breaks or
seated play), their effectiveness varied depending on the
underlying cause of discomfort. Some players reported
marked improvements after disabling particular settings,
while others noted minimal or no change. Player responses
varied substantially, with some reporting marked improve-
ment after adjusting settings and others reporting minimal
or no change. Examples include:

o “[..] If you experience game induced motion sick-
ness, you're going to want to turn off "grass", "dynamic
trees”, and "smooth camera" in the settings. I have FOV
to 80 as well. Unless I'm doing a lot of turning quickly,
these tweaks have all but removed the severe motion
sickness the game was causing.”

®  “Bought this game last year from the Oculus Store, but
returned due to severe motion sickness. Really enjoyed
the game, even though I only spent 40 min in it before
getting nauseous. Decided to give it any go during the
current Steam sale. So glad that I did! With comfort
mode turned on, I have absolutely no motion sickness
at all. It’s a great game, and worth even the full price.
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1 strongly recommend people who got sick the first time
give this game a second chance. Maybe eventually, you
can even turn off the comfort mode for more realism.
Looking forward for more missions and the arcade up-
date. Kudos to the developer for this gem!”

Despite being well-established in VR literature as a potential
coping mechanism, habituation was explicitly mentioned
in only 13 reviews (4.7%). Players who used this strat-
egy described a gradual process of becoming desensitized
to motion discomfort through repeated exposure. These
reviews often described repeated exposure across multiple
play sessions. However, habituation often required a large
investment of time and persistence which may explain its
lower percentage relative to other strategies. Some players
reported substantial symptom reduction, enabling longer
and less interrupted gameplay. More examples include:

® “Its fun but if you get motion sick you may get used to it
but its better with mod’s”

o “[...] Iwas a bit concernd if i get motion sickness while
gameplay is really fast and i like locomotion. But i could
get used to it quite quick and experience it just a little bit
while palying 2-3 h in a row. [...]”

® “This game is very fun. although, get some practice with
free movement before playing or else you will get motion

sickness after a few matches.”

Lastly, failure to adapt was identified in 10 reviews (3.6%).
Players expressed frustration at their inability to engage with
VR games comfortably despite experimenting with multiple
approaches. Typical comments included phrases such as
“unplayable no matter what I tried” or requests for refunds
due to persistent discomfort. These reviews described per-
sistent discomfort despite attempts to apply multiple mitiga-
tion strategies. More examples include:

e “Honestly, I like the game over all but can t play it due
to motion sickness. This is the ONLY title I've played
since having the Vive where I get motion sick. I feel like
I’'m going to throw up pretty much every time. Not sure
why its only an issue for me with this game.”

e “Locomotion movement has acceleration and decelera-
tion when you touch or release movement control — this
is a big no—no in VR — as a result this is the only one that
gives me motion sickness and I only play games with
locomotion and refuse to use teleportation movement.
Pavlov, Skyrim, Fallout, Rec Room, The Forest all have
constant velocity movement and I’ve never gotten sick
from any with 100 s of hours played — can't play this
game longer then 15 min without sweats and nausea.
From what I tried it is great and I would really like to
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play through it but I can 't in its current locomotion state.
Movement speeds need to be patched to be a constant
velocity vector and have acceleration removed — char-
acter needs to stop instanty and not slide to a stop (or
speed up to max speed). Will update this review when
fixed.”

® “One of the only VR games to cause me to get nauseous.
After 20-30 min I lost the will to keep playing and de-
cided to request a refund. [ ...] For those giving me grief
about the review. Motion sickness is a serious issue for
some VR gamers. I however am NOT one of them. Us-
ers should be informed as they might have a sensitivity.
Again I have never had another game bother me. The
only game to induce the mildest of symptoms was lone
echo and since I enjoyed the game I was able to battle
through it and quickly adapted. While maybe I would
have also adapted to End Space there was nothing com-
pelling me to keep playing. I could have experimented
with different control settings which may have allevi-
ated my symptoms but my preference was to refund the

5

game.

5 Discussion

This section is split into three subsections. SubSect. 5.1
presents the answers to the research questions. Then, design
recommendations are proposed in SubSect. 5.2 based on
the results. The limitations and future work are shown in
SubSect. 5.3.

5.1 Discussion of the results

RQI is based on a manually inspected subset of cybersick-
ness-related reviews (n=276), which was used to qualita-
tively analyze user-reported mitigation strategies rather than
to estimate population-level prevalence. The most frequently
mentioned method was session control, appearing in 27.9%
of such reviews. Players mentioned taking frequent breaks
or limiting gameplay to short sessions. This approach was
consistent with the recommendations in controlled experi-
ments (Chang et al. 2020; Stanney et al. 2020). This strategy
is effective for many because it requires no technical adjust-
ments and can be customized to individual tolerance levels.
Seated play (23.6%) and locomotion adjustments (17.8%)
were the next most common strategies. Seated play stabi-
lizes body posture and visual inputs which reduces sensory
conflict. However, its effectiveness varied based on game
design, mainly in titles that assume or require free move-
ment. Locomotion adjustments (most notably teleportation)
were often mentioned as immediate relief from motion dis-
comfort. This aligns with scientific conclusions which show
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that teleportation minimizes optic flow and vection inten-
sity (Carnegie and Rhee 2015; Monteiro et al. 2021). Less
commonly, players reported controller swapping (12.3%),
graphics/settings tweaks (10.1%), and habituation (4.7%).
These strategies required more technical knowledge or pro-
longed exposure which may explain their lower adoption
rates. Notably, habituation is widely cited in the literature
as an effective long-term solution (Kolasinski 1995; Stan-
ney et al. 2020), but few users reported success, likely due
to the discomfort and time investment required. A small but
significant group (3.6%) expressed a failure to adapt. These
accounts reinforce the understanding that some players are
inherently more susceptible due to physiological or sensory
processing factors (Rebenitsch and Owen 2016).

In the case of RQ2, rather than indicating uniform effec-
tiveness, the results suggest that the perceived usefulness
of cybersickness mitigation strategies varies considerably
across players and contexts. Some strategies were described
as helpful by certain users, while the same approaches
were reported as insufficient or ineffective by others. For
example, players who applied session control or adjusted
locomotion modes often reported partial symptom relief or
increased tolerance, which is consistent with prior studies
that show break scheduling and locomotion reconfigura-
tion as commonly beneficial interventions (D’ Amour et al.
2017; Seo et al. 2017). At the same time, no single strategy
emerged as universally effective. In the case of seated play,
responses were mixed: some players praised the technique,
whereas others found it inadequate without additional
adjustments. Similarly, configuration changes such as dis-
abling motion blur or reducing field of view occasionally
alleviated symptoms, but several users reported negligible
improvement. These heterogeneous outcomes show the
subjective and individualized nature of cybersickness and
highlight the importance of providing customizable comfort
options rather than prescriptive solutions. Notably, habitua-
tion was infrequently reported as a successful strategy, con-
trasting with its prominence in the academic literature. This
discrepancy points to a gap between theoretical efficacy and
practical user adoption. One potential way to bridge this gap
may be the integration of progressive comfort modes or the
gamification of acclimatization through in-game achieve-
ment systems.

The results for RQ3 show the following. Rather than sim-
ply confirming that physical discomfort leads to negative
user evaluations, the results reveal a more complex rela-
tionship between cybersickness, emotional tone, and player
satisfaction. Across both the full (D,) and filtered (D5) data-
sets, the average sentiment remained moderately positive
(compound scores of 0.341 and 0.360, respectively), even
though cybersickness was more frequently mentioned in
negative reviews than in positive ones. At the same time,
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approximately one-fifth of reviews expressed negative senti-
ment (20.33% and 20.82%), indicating a notable minority of
emotionally adverse player narratives. While this proportion
does not represent a majority, it is meaningful in an interpre-
tive sense, as it reflects substantial variability in how play-
ers frame their experiences, further supported by the high
standard deviation of sentiment scores (0.562 and 0.563).
Importantly, a non-negligible subset of players reported
cybersickness while still providing positive evaluations,
demonstrating that physical discomfort does not uniformly
translate into negative judgments. Conversely, roughly two-
thirds of negative reviews did not reference cybersickness at
all, underscoring that discomfort is only one of several fac-
tors contributing to negative player experiences. Together,
these patterns highlight the ambivalent emotional framing
often present in cybersickness-related reviews, where frus-
tration with symptoms coexists with appreciation for game-
play, immersion, or game concept. The results align with
previous work suggesting that cybersickness elicits affec-
tive responses ranging from frustration to resignation rather
than uniformly negative affect (Kennedy et al. 1993; Kim
et al. 2014), and echoes observations by Kim et al. (2008)
that disorienting VR stimuli are associated with heightened
emotional stress rather than simple dissatisfaction.

To address RQ4, a Random Forest classifier was trained
using textual (review length and sentiment polarity) and
behavioral (playtime at review) features. This analysis was
not intended to explain the causes of cybersickness or to
serve as a deployable predictive model, but rather as a diag-
nostic tool to assess whether cybersickness-related expe-
riences can be reliably distinguished from other forms of
player dissatisfaction in large-scale review corpora. Nega-
tive sentiment alone is insufficient for this distinction, as
reviews may express dissatisfaction for a wide range of
reasons unrelated to physical discomfort (e.g., graphics
quality or performance issues). The model achieved high
overall performance (accuracy=98.9%, ROC AUC=0.94),
indicating that simple linguistic and behavioral features can
effectively flag reviews containing cybersickness-related
narratives. Review length emerged as the most informative
feature, followed by sentiment polarity and playtime, sug-
gesting that players tend to provide more detailed accounts
when describing physical discomfort. This finding is con-
sistent with prior work by Deng et al. (2024), who dem-
onstrated that surface-level linguistic features can reliably
capture experiential themes in VR reviews. The associa-
tion between shorter playtimes and cybersickness-related
reviews further aligns with the notion of early session ter-
mination as a behavioral marker of discomfort (Stanney et
al. 2020). These results must be interpreted in light of the
substantial class imbalance between negative and positive
reviews. The high overall accuracy primarily reflects strong
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performance on the dominant negative class, while classifi-
cation of positive reviews is more challenging due to their
smaller number and the linguistic ambiguity of reviews that
express enjoyment despite reporting cybersickness.

Regarding RQ5, the results of this study point toward
several design implications relevant to improving comfort
and accessibility in VR games. Player narratives consis-
tently emphasize the need for flexibility and choice in VR
design, reflecting substantial variability in individual toler-
ance to cybersickness. In particular, the reviews highlight
the value of offering multiple locomotion options, as no sin-
gle movement scheme was suitable for all players. Similarly,
the wide range of responses to technical setting adjustments
shows the importance of providing granular, customizable
comfort options rather than relying on fixed defaults. At the
same time, a small but persistent subset of players reported
being unable to adapt despite experimenting with multiple
mitigation strategies which indicates that current design
conventions continue to exclude some users. These obser-
vations suggest that mitigating cybersickness requires more
than isolated technical solutions and instead benefits from
a user-centered design approach that prioritizes adaptabil-
ity, accessibility, and ongoing innovation. Notably, several
reviews also indicate that players may tolerate a degree of
discomfort when a game is otherwise engaging, highlight-
ing the trade-offs players negotiate between immersion and
physical comfort. Building on these results, design recom-
mendations are proposed in the next subsection to support
more inclusive and comfort-aware VR game experiences.
These recommendations align with recent literature empha-
sizing personalized and user-centered approaches to VR
design (Stanney et al. 2020; Monteiro et al. 2021).

5.2 Design recommendations

The results of this study point to a need for VR develop-
ers to transition from passive mitigation features to active,
integrated design frameworks that directly address cyber-
sickness. Drawing on both player reviews and established
research in VR ergonomics, the following design recom-
mendations (DRs) are proposed to improve user comfort,
accessibility, and retention. The design recommendations
presented below are not ordered by importance. Rather, they
reflect recurring themes identified across player narratives,
each addressing a different aspect of comfort, accessibility,
and user adaptation in VR game design.

e DRI: Support multiple locomotion options.
e Teleportation should be a baseline option, comple-

mented by smooth locomotion for experienced
users.
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o Create intermediate locomotion methods, such as
dash or blink teleportation, snap turning, or arm-
swing locomotion (Fernandes and Feiner 2016).

e Implement on-the-fly toggling between locomotion
types within the same session, thus, allowing users
to dynamically adjust based on comfort levels.

e User feedback shows that choice is not enough
without flexibility. Transitions between movement
schemes should be seamless and adjustable in
real-time.

DR2. Enable session control and pacing.

e Games should incorporate structured onboarding
tutorials that explain locomotion options.

e Provide recommended settings for sensitive users
and clearly communicate how to modify controls.

e Where feasible, include graduated comfort training
levels. For example, early game content should offer
low-intensity movement challenges, increasing
gradually to foster habituation (Kolasinski 1995;
Stanney et al. 2020).

e Tutorials should include explicit warnings about
cybersickness risks, normalizing the need for breaks
and adjustment.

DR3: Offer granular and customizable comfort settings.

e Provide preset visual comfort profiles (e.g., “Per-
formance mode,” “Comfort mode,” “Immersive
mode”) as starting points for customization.

e Include real-time previews of FOV, blur, vignette,
and post-processing effects so that users can assess
comfort impact before committing.

e Develop Al-driven adaptive recommendations
where possible. Also, if possible, these should be
informed by player behavior, physiological inputs
(e.g., head motion patterns), or self-reported dis-
comfort ratings.

DR4: Support alternative input devices.

e Implement parity across input devices wherever
possible to ensure that game mechanics do not
penalize users choosing comfort over immersion.

e Allow players to remap controls freely with acces-
sible presets for common hardware setups.

e Incorporate clear indications of hardware compat-
ibility in storefronts and marketing materials to pre-
vent frustration post-purchase.

DRS5: Facilitate gradual acclimatization.
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e (Create opt-in “Comfort progression modes” to
allow players to unlock or gradually increase move-
ment complexity as they build tolerance.

e Implement achievement systems or progression
rewards tied to comfort milestones to encour-
age engagement with structured acclimatization
processes.

e Where appropriate, offer disengagement options
such as comfort pauses or reminder systems to
encourage players to take breaks before discomfort
escalates.

o DRG6: Design for inclusivity beyond mitigation.

e (Consider alternative game modes (e.g., non-VR or
mixed-reality modes) to preserve engagement.

e Provide refund policies for VR games in recogni-
tion of personal physiological limitations beyond
the user’s control (Stanney et al. 2020).

e Include accessibility disclaimers in product descrip-
tions to help players make informed purchasing
decisions before encountering discomfort.

Together, these recommendations advocate for a player-
centered, adaptive approach to VR design. Following these
recommendations, players should be empowered to custom-
ize their experience without sacrificing gameplay quality
or immersion. Implementing these practices will not only
improve player satisfaction but may also contribute to
higher long-term engagement rates and reduced attrition in
VR gaming communities. Beyond practical design impli-
cations, the results also offer value for researchers study-
ing cybersickness. Large-scale analysis of user-generated
content can inform hypothesis generation, highlight under-
explored mitigation strategies, and guide the design of
controlled experiments by revealing how users articulate
discomfort, adaptation, and coping strategies in real-world
contexts.

5.3 Limitations and future work

As mentioned earlier in the study, the present results are
derived exclusively from VR games with an first-person
perspestive which represent one of the most locomotion-
intensive and cybersickness-prone VR genres. FPS titles
typically involve continuous movement, frequent rotations,
and high vection intensity, all of which are known to elevate
the risk of cybersickness. As a result, the prevalence, expres-
sion, and mitigation of cybersickness observed in this study
may not directly generalize to VR genres characterized by
slower pacing or limited locomotion, such as puzzle games,
narrative exploration titles, or social VR environments.
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Still, several higher-level insights such as the importance
of customizable comfort options, the individualized effec-
tiveness of mitigation strategies, and the coexistence of
enjoyment and discomfort in player evaluations are likely
relevant beyond FPS games. Future research should exam-
ine whether similar patterns emerge in other VR genres and
platforms, particularly those with different interaction para-
digms and movement mechanics.

Furthermore, a primary limitation comes from the data
source itself. The dataset analyzed in this study consists
only of Steam user reviews. Naturally, these reviews rep-
resent a self-selected sample since only those users were
represented who were motivated enough to express their
experiences. Moreover, even though it is the largest digi-
tal video game distribution platform, relying only on the
Steam platform introduces platform-specific demographic
and behavioral biases. This can limit the generalizability
of the results to VR users on other systems such as Meta
Quest, PlayStation VR, or standalone Oculus devices. The
language was another limitation as analysis was restricted
to English-language reviews. This could leave out culturally
diverse perspectives that might shape how cybersickness is
discussed or experienced in different regions. Recent stud-
ies analyzing multilingual Steam VR reviews suggest that
cultural and linguistic factors may influence how discomfort
is articulated (Dong et al. 2024). This reinforces the need for
caution when extrapolating English-only findings.

An important limitation of the present study concerns the
absence of reliable temporal metadata. Review timestamps
were not consistently retrievable via the Steam Web API
during the data collection process which prevented a mean-
ingful longitudinal analysis of cybersickness mentions over
time. As a result, it was not possible to examine whether
the prevalence or nature of cybersickness-related experi-
ences changed in response to technological advancements
such as improved display resolution, tracking precision, or
reduced latency. Future research could address this limita-
tion by integrating review datasets with complete tempo-
ral metadata or by combining user-generated content with
hardware-specific release timelines.

Another important limitation is the inherent noise and
ambiguity of user-generated content. Despite the use of
topic modeling, keyword matching, and Random Forest
classification to identify cybersickness-related reviews, can
pose challenges. Terms like “makes me sick” may be used
figuratively rather than literally, while sarcasm, humor, or
idiosyncratic phrasing can complicate automated classifica-
tion. Although efforts were made to minimize false positives,
some degree of misclassification likely remains. Future
studies may benefit from using context-aware NLP models
or leveraging large language models to improve semantic
understanding of user commentary. It should also be noted
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that in the case of the Random Forest, because ground truth
labels were derived from automated filtering rather than
manual annotation of the full corpus, classification perfor-
mance should be interpreted as reflecting consistency with
the filtering criteria rather than absolute detection accuracy.

It is also important to note that the perceived effective-
ness of reported mitigation strategies is derived only from
subjective self-reporting. No physiological or behavioral
validation was possible due to the nature of the dataset.
Moreover, players vary in how they describe discomfort
and the absence of structured measurement tools like the
SSQ can introduce inconsistencies in severity reporting
(Kennedy et al. 1993). Future research could strengthen
the empirical foundation of these results by combining
self-reports with objective physiological data such as head
movement tracking, balance assessments, or biometric feed-
back during gameplay.

Temporal factors should also be noted. VR hardware and
software have evolved and many of the reviews analyzed
may correspond to older versions of games or now-outdated
headsets. If the players did not write their hardware into the
reviews it is not possible to know which headset they used.
Also, for example, complaints about motion blur or poor
locomotion schemes may have been addressed in subse-
quent patches or hardware upgrades since the reviews were
written. As a result, some criticisms may no longer reflect
the current state of the VR experience.

While sentiment analysis using VADER provided an
overview of emotional tone in the reviews, it could not
distinguish between distinct negative emotions (e.g. frus-
tration, nausea, anger, or disappointment) which can be
critical for fully understanding player sentiment regarding
VR discomfort. Future work should use multidimensional
sentiment analysis models or emotion-specific classifiers to
capture the emotions in the text.

The dataset also lacked demographic metadata making
it difficult to ascertain whether individual factors such as
age, gender, or prior VR experience influenced cybersick-
ness. Prior research suggests that physiological and demo-
graphic differences can significantly affect cybersickness
experiences (Rebenitsch and Owen 2016; Stanney et al.
2020). Without demographic controls, conclusions remain
generalized.

Finally, while this study identified various mitigation
strategies, it did not explore how these strategies interact
with each other. For example, are certain combinations of
strategies particularly effective? Or does seated play work
best when paired with certain locomotion modes? Under-
standing these interaction effects would require mixed-
method research designs that combine large-scale text
analysis with structured user testing.
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Future research can build on this foundation by pairing
qualitative review analysis with objective physiological
measurements. They can also incorporate adaptive Al-
driven comfort systems, and researchers can conduct longi-
tudinal studies that track user adaptation over time. Bridging
the gap between controlled VR research environments and
real-world player behavior can be an opportunity to design
inclusive, adaptable, and user-centered VR experiences.

6 Conclusions

This study investigated how players experience and miti-
gate cybersickness by analyzing user-generated review data
from the Steam platform. With qualitative content analysis,
Random Forest-based classification, and sentiment analysis,
mitigation strategies were identified, their perceived effec-
tiveness was assessed, and design recommendations were
derived to improve VR accessibility.

The results show that players rely on various mitigation
strategies, including session control, seated play, locomo-
tion adjustments, controller swapping, settings tweaks, and
habituation efforts. However, these strategies were only
partially effective for many users, and a notable minority
reported persistent discomfort despite multiple attempts at
mitigation. This highlights the continued tension between
immersive game design and the physiological limitations
of some users, reaffirming challenges identified in prior VR
research.

Importantly, the integration of the Random Forest classi-
fier into the analysis revealed systematic behavioral patterns
associated with cybersickness reports. Longer review length
and negative sentiment polarity emerged as reliable indica-
tors of discomfort-related reviews, validating that cyber-
sickness experiences manifest not only physiologically but
also textually and emotionally in user-generated content.

While this study focused on reviews from a single plat-
form and language, it lays the groundwork for future inves-
tigations that could integrate physiological measurements,
demographic analysis, and more advanced emotion model-
ing. Moreover, the design recommendations derived from
this work provide actionable strategies for developers and
highlight the importance of customizable locomotion, adap-
tive onboarding, and player agency in managing comfort in
VR experiences.
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Appendix A Keyword patterns used for
detecting cybersickness-related content and
mitigation strategies

The following keyword patterns were used to identify
explicit references to cybersickness symptoms and related
experiences in review texts: sick, vomit, headache, dizzy,
motion, nausea, nauseous, uncomfortable, blur, lag.

These keywords were selected based on prior litera-
ture on cybersickness and motion sickness, as well as an
exploratory inspection of review texts to identify terms that
explicitly describe physiological discomfort. More ambigu-
ous expressions were deliberately excluded to reduce false
positives.
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Abstract

This study aims to investigate the relationship between top-level game genres, release dates, game modes, and acces-
sibility features in commercial video games. For this goal, datasets were created that included 25 games in 11 top-level
genres except for experimental games. G-tests were used to examine differences in the proportions of accessibility features
between genres, focusing on sensory, motor, and cognitive disabilities. Additionally, regression analyses were performed
to assess the effect of genres, release dates, and single-player/multiplayer modes on the number of accessibility features.
The results showed significant differences between the top-level genres and the number of all three types of accessibility
features. Regression analyses showed significant effects of the top-level genres on the number of accessibility features,
while release dates showed no significant influence. Game modes only had a significant effect on accessibility features
regarding motor disabilities. In conclusion, the results of this study present genre-specific numbers of accessibility features
in commercial video games. In other words, game developers create accessibility features differently depending on the
genre. These findings have practical implications for both developers and players to enhance the inclusivity of the gaming
experience. The results can also be used to increase awareness and commitment to the importance of accessibility features
in the gaming industry, ultimately creating more inclusive commercial video games.

Keywords Accessibility features - Disability - Inclusivity - Top-level genres - Video games

1 Introduction there has been a rise in accessibility research and develop-

ment regarding assistive technologies, media, and the World

Video games have come a long way since their inception
[1, 2]. Nowadays, they have several genres, and conse-
quently, different game mechanics [3, 4]. They are also
quite popular in the modern world and can be created for
multiple purposes. While many people play video games
for entertainment, these multimedia applications can also
educate people, help them in their personal development,
and even promote their mental as well as physical rehabili-
tation [5—12]. However, not all video games are universally
accessible, therefore persons with disabilities cannot fully
experience them [13]. Thankfully, society in many countries
wants to create equal opportunities and access to content.
Consequently, with the help of technological advancements,
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Department of Information Technology and Its Applications,
University of Pannonia, Gasparich M. utca 18/A,

Zalaegerszeg H-8900, Hungary 957

Wide Web in recent years [14—17].

However, video games are vastly different from the afore-
mentioned areas since they require another form of interac-
tion. Similarly to the Web Content Accessibility Guidelines
(WCAQ), game accessibility guidelines were also proposed
in 2004 by the International Game Developers Association
Game Accessibility Special Interest Group (IGDA GA SIG)
[15]. This group proposed 19 accessibility guidelines after
conducting a survey. Besides the aforementioned guide-
lines, there are also several others available. For example,
some focus on sensory accessibility features [18, 19], and
mobility [20]. Still, it is difficult to follow guidelines in
the case of certain video game genres and mechanics. For
instance, subtitles cannot be turned on/off or their size can-
not be increased in a game that has no dialog [21, 22]. Even
until 2007, only a small number of video games were devel-
oped that can be played by everyone [23], but this trend has
been changing over the years due to related research [24].

According to the IGDA GA SIG [15], about 10-20% of
the population suffers from disability. Three main types of
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disabilities have to be considered when creating video games
[13, 15, 25]: sensory, motor, and cognitive disabilities. Sen-
sory disability can consist of hearing and/or visual impair-
ments, including color blindness. Motor disability means a
limitation or loss in movement, mobility, or muscle control.
Cognitive disability is a mental and psychological disorder.
Due to the various disorders, the ability to play video games
can be affected to different degrees. Consequently, acces-
sibility features are needed so that persons with disabilities
can experience certain video games.

Serious games have received significant attention in the
research community since several studies have explored
how they can be made more accessible for individuals with
various disabilities [26-29]. However, the number of stud-
ies that focus on accessibility features of commercial video
games is small. Thus, there is a research gap in how com-
mercial video games can be made more accessible to the
larger player base.

Therefore, the goal of this paper is to take a step towards
filling this research gap by addressing this topic. Thus, this
study is structured as follows. Section 2 presents a litera-
ture review of accessibility studies regarding or related to
video games made for entertainment purposes. Based on the
review, the research questions are presented in Sect. 3. Sec-
tion 4 presents the materials and methods used in this paper.
Methods regarding data collection and analysis can also be
found in it. The results are presented in Sect. 5, and dis-
cussed in Sect. 6. Conclusions are drawn in Sect. 7. Lastly,
the appendix is provided. It contains several extra informa-
tion about the games: the title and the top-level genre of
each game; descriptive statistics of the release dates of the
investigated top-level genres; and the data distribution of
game modes.

2 State of the art

According to a report presented by de Oliveira Heidrich et
al., there were 1 billion people with disabilities in 2018 [30].
Regarding video games, Cairns et al. mention that 2.6 bil-
lion people play them [31]. Naturally, the number of players
can increase each year due to the popularity of video games.
It is also possible that the number of persons with disabili-
ties wanting to play video games can increase as well. Thus,
since the market of commercial video games grows in pop-
ularity each day [32], these types of games are also wor-
thy of academic attention. Additionally, those people who
play these games expect them to be more complex as time
moves forward [33]. This is because different design prin-
ciples are used by the gaming industry than those used by
the researchers of human-computer interaction (HCI) [6].
The authors of the previously referenced paper also argue

258

@ Springer

that persons with disabilities should not be left out of the
phenomenon of games made for entertainment. This fact is
also strengthened by Porter [5], not to mention that persons
with disabilities also like to play entertaining video games,
although eventually, they stop playing them due to the lack
of accessibility features [34]. However, these games can
occupy their minds, and they can even socialize with oth-
ers in the case of multiplayer games. For example, persons
with autism spectrum disorder frequently play video games,
and they like how games reduce stress and they also enjoy
getting achievements, among others [35]. Boys with autism
spectrum disorder even play games more frequently than
boys with typical development [36]. Consequently, Cairns
et al. state that persons with disabilities receive equal-
ity, inclusivity, and autonomy through the enabling aspect
of video games [37]. This means that virtual worlds can
make persons with disabilities feel equal to persons without
disabilities.

Possibly for this purpose as well, the IGDA GA SIG cre-
ated an online questionnaire for game developers as men-
tioned by Bierre et al. [38]. The results show that most
accessibility features in commercial video games are cre-
ated for visual disabilities. Namely, for blind players or
gamers with low vision. However, there are other types of
disabilities besides visual ones, such as auditory, motor, and
cognitive disabilities. During the design process, every type
of disability has to be taken into account to create univer-
sally accessible games. According to Grammenos et al., the
creation of these games is possible [39]. They also men-
tion in another study that Space Invaders has a version that
is universally accessible [40]. This version is called Access
Invaders and it can provide a tailored experience for players.
However, not all games are universally accessible as video
game developers do not usually follow academic guidelines
[14]. Still, some accessibility features are included in most
of their games.

Beeston et al. identified the following accessibility
options that persons with disabilities use when playing
video games [41]: text-to-speech, speech-to-text, subtitles,
colorblind options, contrast or color changes, mouse cur-
sor enlargement, text enlargement, auditory or screen
alerts, key remapping, as well as other options. Porter and
Kientz investigated the top ten PC games of 2011 based
on accessibility features [14]. They chose 11 of the IGDA
GA SIG’s guidelines. According to them, colorblind modes
and remapping of controls were almost universally pres-
ent in the investigated games. In the case of other acces-
sibility features, the industry did not completely follow the
established guidelines. They also conducted a survey with
gamers with disabilities, and they spoke negatively of the
gaming industry in most cases. However, some developers
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try to add accessibility features to their games: Bierre et al.
mention the following examples in their study [38]:

e Originally, the 1998 game called Half-Life did not con-
tain closed captions. After deaf gamers requested it, the
developers provided the script of the game to them;

e In the case of its 2004 sequel (Half-Life 2), closed cap-
tions were already present in the full game;

e Regarding the 2004 game called Doom 3, its developer
also provided scripts and information about the sound
files after the game was released. They even provided
support for multiple languages;

e The graphics in Terraformers can be turned off, provid-
ing the player with a sound compass. The game also
won an audio award in 2003.

Brown and Anderson assessed the state of accessible video
games in 2019 [42]. They examined 50 video games regard-
ing their accessibility features and grouped them into four
categories: auditory, visual, and motor accessibilities as
well as their difficulty. According to their conclusions,
newer video games contain some form of accessibility fea-
tures. Some studios even list the accessibility features of
their games on their websites, allowing for better purchas-
ing decisions. Most recently, The Last of Us Part Il was
released in 2020 with the help of game accessibility consul-
tants. This game is considered to be the most accessible one,
as it has over 60 accessibility features [43]. Kémaérdinen
also strengthens the fact that the game is accessible, consid-
ering that it is an improvement from its predecessor regard-
ing accessibility features [44]. According to a 2023 study by
Power et al., game designers and leaders are taking acces-
sibility courses to create more accessible games [45].
Research regarding hardware to help persons with dis-
abilities has also been conducted. Regarding controllers,
the following alternatives that persons with disabilities use
when playing video games have been identified [41]: eye
gaze tracking, customized controller, one-handed controller,
screen reader, alternative PC mouse, virtual reality headset,
alternative controller, as well as other controllers. One of
the most popular is gaze-based interaction. Smith and Gra-
ham investigated three commercial video games with eye
tracking [46]. These games were Quake 2, Neverwinter
Nights, and Lunar Command. They measured performance
time between gaze-based and mouse interactions. The for-
mer was only faster in the case of Lunar Command. They
also examined the opinions of players. According to their
results, users liked to play Neverwinter Nights with gaze-
based interaction. Still, this type of interaction increased
the immersion of players in the case of all three investi-
gated video games. Jonsson also implemented gaze-based
interaction for the following two commercial video games:
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Sacrifice and Half-Life [47]. Regarding the former, players
believed that it was more fun and faster to play with an eye-
tracking device than with a mouse. In the latter, gaze-based
interaction was also more fun, but fewer people thought so.
Instance et al. also created a gaze-based interaction mode
for World of Warcraft [48]. In their case, this type of inter-
action was a little slower than playing with a keyboard and
mouse. This may be because World of Warcraft is a complex
game that has many elements on its user interface.

Regarding visual disabilities, Lopez et al. identified that
game mechanics, user interface, and effects of immersion
are the most critical barriers [49]. Atkinson et al. developed
AudioQuake which is a version of the first-person shooter
called Quake that can be used by persons with low vision
or sight loss [50]. In their study, they discuss how their
research can make other games more accessible in a similar
fashion. Yuan and Folmer created Blind Hero [16] which
makes the popular rhythm game called Guitar Hero play-
able with gloves that provide haptic feedback. Thus, these
accessories can replace visual stimuli and can allow play-
ers with low vision or sight loss to play the game. Accord-
ing to the results presented in the aforementioned study, the
game is still fun and enjoyable. An original game, called
Finger Dance was also developed for persons with vision
disabilities [51]. According to the authors of the previously
referenced study, it can be compared to the popular rhythm-
dance game called Dance Dance Revolution.

Microsoft also created a controller for persons with dis-
abilities [43, 52], called the Xbox Adaptive Controller, and
it has two large programmable buttons as well as 19 ports.
The ports allow other input devices to be connected to this
controller. The company also filed a patent for a controller
that has Braille input and output [53]. Furthermore, Micro-
soft also developed the Kinect sensor, although mainly for
entertainment. However, a study shows that it can help
young players with motor disabilities play certain games
[54]. Another example is the Access Controller which was
released for the PlayStation in December 2023 [55]. Other
alternatives for motor disabilities also exist in the literature:
Leigh presented a cheap alternative called eyeCan for gaze-
based interaction [56], while Poor et al. developed a brain-
computer interface called EPOC [57].

3 Research questions

As discussed in the previous section, the number of stud-
ies focusing on the accessibility of entertaining, commercial
video games is scarce. Therefore, the goal of this research is
to add new results to this field by seeing how accessibility
features are distributed among 11 top-level genres (TLGs).
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For this goal, the following research questions (RQs) were
formed:

o RQI: Are the proportions of accessibility features dif-
ferent between the 11 TLGs, release dates, and the game
modes?

e RQ2: Do the TLGs themselves affect the number of ac-
cessibility features?

o RQ3: Does the release date of the video games affect the
number of accessibility features?

o RQ4: Is the number of accessibility features affected by
whether video games support one or multiple players?

4 Materials and methods

The literature review was conducted using databases such
as PubMed, Google Scholar, and Web of Science. The fol-
lowing keywords were used in various combinations to
retrieve relevant literature: “video games,” “accessibil-
ity,” “inclusive design,” “disability,” and “game features”.
Additionally, manual searches were conducted through the
reference lists of the identified articles to find any poten-
tially overlooked studies. Journal articles, conference pro-
ceedings, and other types of publications between 2000 and
2023 were included. The main focus was on empirical stud-
ies, theoretical frameworks, and design guidelines related
to accessibility features in video games. A total of 56 refer-
ences were gathered. After a screening process, 32 refer-
ences were included in the state of the art section of this
paper. This inclusion was based on their relevance to the
research and their contribution to understanding accessibil-
ity features within video games.

Also according to the literature, video games can be char-
acterized into various genres. However, studies that focus
on video game research often analyze different genres. For
example, Yuan et al. examined eight genres [25], while Lin
etal. analyzed nine [58]. For this research, the 11 TLGs were
chosen that are defined by the tag system on the Steam digi-
tal video game distribution platform. The tags were chosen
because they are used daily by developers and players alike
on the Steam platform. These chosen tags are the following:

1. Action: In this TLG the main focus is on action. This
TLG can contain either first-person shooter or third-
person shooter games. For example, Team Fortress 2,
Overwatch 2, and Tiny Tina's Wonderlands;

2. Adventure: The main goal of these games is explora-
tion, puzzle-solving, and investigation. These games
usually have a larger focus on narrative elements that
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can even be environmental or contextual. Examples
include Genshin Impact and Little Nightmares;

3. Casual: These games can be played for short intervals,
sometimes with friends. In some cases, these games do
not even have competitive elements since their main
goal is to be played casually. Examples include Plants
vs. Zombies, Stardew Valley, and Two Point Hospital,

4. Experimental: This TLG is hard to define, as it contains
games that cannot be categorized into the others. Each
game in this TLG is vastly different from the others in
it. For example, HyperDot, Bonelab, and Inscryption;

5. Puzzle: This TLG consists of games that test various
problem-solving skills. Examples include Portal 2, It
Takes Two, and Puzzle Pirates;

6. Racing: In most cases, these games simulate driving a
car. However, these games are usually defined as games
where players have to race and compete with each other.
Examples include Fall Guys, F1 22, and Forza Horizon
35

7. Role-playing game (RPG): Usually, in this TLG, a
player has a character that can be customized, solves
quests, gathers equipment, and grows more powerful
as the story moves forward. Examples include Skyrim,
Dark Souls 111, and Elden Ring;

8. Simulation: These games simulate a procedure, such as
managing a family or farming. For example, The Sims 4
and Farming Simulator 2022,

9. Sports: This TLG consists of games that simulate tradi-
tional sports or are VR games that include some form of
competitive activities. Examples include F7FA and Beat
Saber;

10. Strategy: The main goal of these games is resource and
unit management. Players have to create strategies and
make complex tactical decisions to defeat the others.
For example, Warcraft 11l and Age of Empires 1V

11. Tabletop: This type of TLG simulates tabletop games.
Examples include Uno, Catan Universe, and Tabletop
Simulator.

After the 11 TLGs (and thus, the same tags) were selected,
the next step was to find video games for the research. Using
the tag system on Steam, 25 video games were selected for
each, except for the experimental TLG. In the case of exper-
imental games, only 10 were selected since it was difficult
to find full games in this TLG. Since the classification was
done on an empirical basis, store pages of many video games
were loaded. On these pages, the most popular tags regard-
ing a game can be found on the right side of the screen. This
way, the games could be grouped by TLGs. Moreover, these
mentioned store pages also indicate the games’ release date,
game mode, and price, among others. Furthermore, games
were also selected with various release dates: the earliest
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video game was from 2002 and the latest one was from
2023. Naturally, video games can belong to multiple genres,
but they were only assigned to the one that had the largest
influence on a certain game. For example, Elden Ring was
classified as an RPG due to its complex quests and game
mechanics in this research. However, besides being an RPG,
it is also an action and adventure game. The chosen video
games, and data regarding their release dates as well as
game modes can be seen in Tables 18-22 in the appendix.

When the games were classified into a TLG, a table was
created that was filled with accessibility features of these
games. Students who volunteered for extra points on cer-
tain subjects helped with this process. As most games were
already purchased and available in our Steam library, the
table could be easily filled. Naturally, some games were
not available for us. In this case, the accessibility features
of these games were searched for on the internet. In the
dataset, the accessibility features were grouped into three
categories:

e Accessibility features regarding sensory disabilities.

— Audio language options.

— Subtitles.

— Subtitle language options.

— Size of subtitles.

— Closed captioning.

— Audio cues; sound equalization.
— Haptic feedback.

— Color blindness options.

— Contrast options.

e Accessibility features regarding motor disabilities.
— Functions that help input (e.g. key remapping,
mouse options, controller options, etc.)

— Voice or brain input functions.

e Accessibility features regarding cognitive disabilities.

Table 1 Number of accessibility features per game type

TLG Sensory Motor Cognitive
disability disability disability

Action 99 72 20

Adventure 74 61 18

Casual 53 29 22

Experimental 18 13 1

Puzzle 76 28 9

Racing 73 44 10

RPG 91 52 19

Simulation 47 40 21

Sports 53 39 15

Strategy 56 35 16

Tabletop 26 21 6
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— Limiting the number of objects in the game.

— Simplification of storyline, difficulty options.

— Making the game slower.

— Making quick-time events longer, or they can be
tried again.

— Automating inputs.

— Removing inputs.

For data analysis, an alpha value of 0.05 was chosen. After-
ward, the data was imported into the statistical program
package R. To plot the distribution of data and the statistics,
the ggplot2 package was used. Afterward, to measure the
proportions of accessibility features, Pearson’s Chi-squared
test was used. However, according to R, this resulted in pos-
sibly incorrect approximations. Thus, for better approxima-
tion, the log-likelihood ratio test (G-test) of independence
was used instead. To measure the strength of the association,
Cramér’s V value was calculated as well. To understand
the effects of TLGs, release dates, and the game modes,
regression analysis methods were used. To double-check
the results of the regression analysis methods, two types of
ANOVA were used. One-way ANOVA was used when only
one type of disability feature was assessed, and two-way
ANOVA was used when all types of disability features were
investigated. Post-hoc tests were also used to understand the
significant differences between the number of accessibility
features among TLGs. In the case of one-way ANOVA,
Fisher’s least significant difference (LSD) method was used,
whereas in the case of two-way ANOVA, Tukey’s honest
significant difference (HSD) method was used.

5 Results

This section is split into three subsections. In the first, the
general results are presented. Subsection 5.2 shows the
comparisons between the numbers and proportions of acces-
sibility features. Lastly, the effects of TLGs, release dates,
and whether a game is single-player only or has multiplayer
mode are detailed in subsection 5.3.

5.1 General results

The first step was to understand the data. Therefore, the
descriptive statistics were assessed. First, the number of
accessibility features was examined per TLG. They can
be seen in Table 1, grouped by the aforementioned three
main disability types. Keep in mind that there were only ten
experimental games, whereas there were 25 games in every
other TLG.

Next, their data distributions were assessed. They can be
observed in Figs. 1 and 2, both grouped by TLG and the
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1204

©
o
L

type
— Cognitive accessibility features
----- Motor accessibility features

---' Sensory accessibility features

Number of accessibility features
8 3

04 8=

2002 2006 2007 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Release year

Fig. 2 Total number of accessibility features in each investigated release year, grouped by type

number of accessibility features. Boxplots and the kernel ~ occurrences. It had the most (24) occurrences in the action
density plots are also presented in Fig. 1. Figure 1 pres- TLG. The second most common was changing the audio
ents the number of accessibility features per game in each  language with a mean of 13.81 occurrences. It was the most
TLG. Thus, in this case, the accessibility features were not ~ common in the RPG with 24 occurrences. The third most
summed together as in table 1. common was the feature of subtitle options with a mean of
According to Table 1, as well as Fig. 1, games contain 12.91 occurrences. It was most common in adventure and
the most accessibility features regarding motor disabilities. =~ RPG TLGs with 21 occurrences. The mean occurrences of
The most common accessibility feature was containing  other features were below 8.27.
methods and functions that help input with a mean of 39.36
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Next, the number of accessibility features per release
year was assessed. The number of such features can be
observed in Fig. 2.

As can be seen in Fig. 2, the number of sensory accessi-
bility features increased the most throughout the years. The
number of other accessibility features increased as well. The
smallest increase was in the case of cognitive accessibility
features.

The following to examine was the number of accessibil-
ity features per the game modes. This can be seen in Fig. 3.

According to Fig. 3, when grouped by game mode,
games that had a multiplayer mode had the largest number
of accessibility features. This was the case with all three
types of accessibility features. Single-player only games
had fewer such features.

5.2 Comparison of the number of accessibility
features

First, the proportions of accessibility features were
assessed. As was mentioned previously, this was done
using the G-test of independence. The proportions of
accessibility features regarding sensory disabilities were
assessed in the investigated TLGs. The results show a sig-
nificant difference between them with an almost moderate
strength, G (80, N = 666) = 222.59, p < 0.001,V = 0.195.
Next, the proportions of features regarding motor dis-
abilities were examined in the TLGs. No significant
differences were found between their proportions,

G (10, N =434) =4.79,p = 0.904, V' = 0.150. The next
step was to investigate the proportions of features regard-
ing cognitive disabilities in the 11 TLGs. The results
showed significant differences with moderate strength,
G (50, N = 157) = 110.51, p < 0.001, V' = 0.369.

When assessing all accessibility features, a signifi-
cant difference with a weak strength could be observed
between their proportions in the various TLGs,
G (160, N = 1257) = 371.99, p < 0.001, V = 0.170.

Next, the proportions of accessibility features were
assessed in the investigated release dates. In the case
of features regarding sensory disabilities, no signifi-
cant differences were found between the proportions,
G(136, N = 666) = 96.205,p = 0.996, V = 0.133. Regard-
ing features about motor disabilities, also no signifi-
cant differences were found between the proportions,

G(17, N = 434) = 4.895,p = 0.998, V = 0.155. The
case is similar regarding features of cognitive disabili-
ties, G (85, N = 157) = 67.245,p = 0.921,V = NaN.

In the case of all features, also no significant dif-
ferences were found between their proportions,
G(272, N = 1257) = 191.2,p = 0.999, V' = 0.097.

Lastly, the proportions of accessibility fea-
tures were investigated regarding the game modes.
Regarding sensory accessibility features, signifi-
cant differences were found between their propor-
tions, G (8, N =487) = 164.2,p < 0.001,V = Inf.
Similarly,  significant  differences = were  observ-
able in the case of motor accessibility features,

5001
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Fig. 3 Total number of accessibility features in each investigated gam%%ie, grouped by type
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Table 2 Regression analysis results of the effects of TLGs on the num-
ber of accessibility features regarding sensory disabilities

Table 4 Regression analysis results of the effects of TLGs on the num-
ber of accessibility features regarding motor disabilities

Estimate  Standard error  tvalue  Pr(>|t)) Estimate  Standard error  tvalue  Pr(>|t)
Intercept 3.960 0.321 12.336 <0.001 Intercept 2.880 0.227 12.671 <0.001
Adventure -1.000 0.454 -2.203 0.028 Adventure -0.440 0.321 -1.369 0.172
Casual -1.840 0.454 -4.053 <0.001 Casual -1.720 0.321 -5.351 <0.001
Experimental ~ -2.160 0.600 -3.597 <0.001 Experimental ~ -2.360 0.321 -7.342 <0.001
Puzzle -0.920 0.454 -2.026 0.043 Puzzle -1.760 0.321 -5.475 <0.001
Racing -1.040 0.454 -2.292 0.022 Racing -1.120 0.321 -3.484 <0.001
RPG -0.320 0.454 -0.705 0.481 RPG -0.080 0.321 -2.489 0.013
Simulation -2.080 0.454 -4.582 <0.001 Simulation -1.280 0.321 -3.982 <0.001
Sports -1.840 0.454 -4.053 <0.001 Sports -1.320 0.321 -4.107 <0.001
Strategy -1.720 0.454 -3.789 <0.001 Strategy -1.480 0.321 -4.604 <0.001
Tabletop -2.920 0.454 -6.432 <0.001 Tabletop -2.040 0.321 -6.347 <0.001

Table 3 Significant differences between the number of sensory acces-
sibility features in TLGs

TLG Mean number of features Group
Action 3.96 A
RPG 3.64 Ab
Puzzle 3.04 Be
Adventure 2.96 Bed
Racing 2.92 Bed
Strategy 2.24 Cde
Casual 2.12 De
Sports 2.12 De
Simulation 1.88 Ef
Experimental 1.80 Ef
Tabletop 1.04 F

G (1, N =333) =448.02,p < 0.001,V = Inf.  Cognitive

accessibility features also had such differences between their
proportions, G (5, N = 116) = 30.334,p < 0.001, V = Inf.
Similarly, when all three types of accessibility features were
assessed, significant differences were found between their
proportions, G (16, N = 936) = 1119.8,p < 0.001, V = Inf

5.3 Effects of TLGs, release dates, and game modes
on accessibility features

In this sub-section, the effects of various factors on the num-
ber of accessibility features are assessed. Therefore, it is
split into three subsubsections. In the first one, the effects of
the TLGs are investigated. The second one shows the effects
of release dates. Lastly, the third one examines whether the
game modes had any effects on the number of accessibility
features.

5.3.1 The effects of TLGs

First, the effects of TLGs on the number of accessibility
features regarding sensory disabilities were assessed. In
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the model, the intercept variable was the action TLG. The
results of the analysis are shown in Table 2.

As can be observed in Table 2, the TLGs themselves had
effects. The only exception was the RPG TLG. Compared
to the action TL@, all others had fewer accessibility features
regarding sensory disabilities. The effects of the puzzle TLG
were close to being not significant. The results were double-
checked using ANOVA. According to the results, the TLGs
had significant effects on the number of sensory accessibil-
ity features, F'(10,249) = 6.928, p < 0.001. By using Fish-
er’s LSD method, the significant differences were assessed
between the groups. The results can be observed in Table 3.

Table 3 shows that there were significant differences
between the mean number of sensory accessibility features
among the TLGs. For example, action games belonged in
the group “a”, meaning that they were significantly differ-
ent from all other TLGs, except for RPGs. The latter can
be found in both “a” and “b” groups, meaning that it was
not significantly different from those that belonged in either
group “a” or “b”. The smallest mean number of sensory
accessibility features can be observed in tabletop games.

Next, the effects on accessibility features regarding motor
disabilities were assessed. Similarly, the basis variable was
the action TLG. The results of the analysis are observable
in Table 4.

As can be seen in Table 4, TLGs also had an effect on the
number of accessibility features regarding motor disabili-
ties. Still, the action TLG had the largest number of such
features. All other TLGs contained fewer features. In this
case, adventure games presented no significant differences.
Similarly, the results were double-checked with ANOVA:
the TLGs had significant effects on the number of motor
accessibility features, F'(10,249) = 2.296, p = 0.013. By
using Fisher’s LSD method, the significant differences were
assessed between the groups. The results can be observed
in Table 5.

Contrarily to Table 3, seven groups had significant dif-
ferences between them due to the mean numbers of motor
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accessibility features in these games. Action games had the
most motor accessibility features, whereas experimental
games had the smallest ones. The number of motor acces-
sibility features in action games was also similar to that of
adventure games.

Next, the effects on accessibility features regarding cog-
nitive disabilities were examined. As previously, the basis
variable was the action TLG. The results are shown in
Table 6.

As can be seen in Table 6, the effects of TLGs on accessi-
bility features regarding cognitive disabilities were weaker.
Compared to the action TLG, only experimental and table-
top games had significant effects. While the effects were
not significant, casual games and experimental games had
more of these features. As previously, the results were
double-checked using ANOVA: the investigated TLGs had
significant effects on the number of cognitive accessibility
features, F' (10,249) = 2.011, p = 0.038. By using Fisher’s
LSD method, the significant differences were assessed
between the groups. The results can be observed in Table 7.

Table 7 shows that casual games had the largest mean
number of cognitive accessibility features, whereas experi-
mental games had the smallest one. Here, only four groups
could be made of the mean number of cognitive accessibil-
ity features between the TLGs.

Lastly, the effects on all accessibility features were
assessed. Similarly, the intercept variable was the action
TLG. The results of the investigation are shown in Table 8.

The results presented in Table 8 show that not all TLGs
had significant effects in the case of all accessibility fea-
tures. Except for RPGs, all others had significant effects
compared to action games. While adventure games were
also significantly different from action games, the strength
of their effects was not as strong. Also, when compared to
action games, all others had fewer accessibility features.
The results were double-checked with two-way ANOVA.
Both TLGs (F'(10,812) = 17.300,p < 0.001) and types of
accessibility features (F'(2,812) = 148.200,p < 0.001) had
significant effects. By using Tukey’s HSD method, signifi-
cant differences could be observed between the groups. The
significant differences are shown in Table 9.

When all three types of accessibility features were com-
pared, 29 significant differences could be found between
pairs of TLGs. There were eight such differences when the
action TLG was paired with another. Similarly, when the
tabletop TLG was paired with another, it resulted in 10 sig-
nificant differences.

5.3.2 Effects of release dates

Next, the effects of release dates on the number of accessibil-
ity features were examined. First, the effects of accessibility
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Table 5 Significant differences between the number of motor acces-
sibility features in TLGs

TLG Mean number of features Group
Action 2.88 a
Adventure 2.44 ab
RPG 2.08 be
Racing 1.76 cd
Simulation 1.60 cde
Sports 1.56 cde
Strategy 1.40 def
Casual 1.16 def
Puzzle 1.12 efg
Tabletop 0.84 fg
Experimental 0.52 g

Table 6 Regression analysis results of the effects of TLGs on the num-
ber of accessibility features regarding cognitive disabilities

Estimate  Standard error  tvalue  Pr(>[t))
Intercept 0.800 0.164 4.861 <0.001
Adventure -0.080 0.232 -0.344 0.731
Casual 0.080 0.232 0.344 0.731
Experimental ~ -0.700 0.307 -2.274 0.023
Puzzle -0.440 0.232 -1.891 0.059
Racing -0.400 0.232 -1.719 0.086
RPG -0.040 0.232 -0.172 0.863
Simulation 0.040 0.232 0.172 0.863
Sports -0.200 0.232 -0.859 0.391
Strategy -0.160 0.232 -0.687 0.492
Tabletop -0.560 0.232 -2.406 0.016

Table 7 Significant differences between the number of cognitive
accessibility features in TLGs

TLG Mean number of features Group
Casual 0.88 a
Simulation 0.84 ab
Action 0.80 abc
RPG 0.76 abc
Adventure 0.72 abc
Strategy 0.64 abcd
Sports 0.60 abcd
Racing 0.40 bed
Puzzle 0.36 cd
Tabletop 0.24 d
Experimental 0.10 d

features were assessed in the case of sensory disabilities.
The results of the analysis are shown in Table 10.

Table 10 shows that while the number of such features
increased with each release year, their increase was not sig-
nificant. Therefore, the year of release did not have any sig-
nificant effects on the number of such features.

Next, the effects on the number of motor accessibility
features were investigated. The results of the investigation
can be observed in Table 11.
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Table 8 Regression analysis results of the effects of TLGs on the num-
ber of accessibility features regarding all three types of disabilities

Table 11 Regression analysis results of the effects of release dates on
the number of accessibility features regarding motor disabilities

Estimate  Standard error  tvalue  Pr(>|t)) Estimate  Standard error ~ tvalue  Pr(>[t])
Intercept 2.546 0.169 15.002 <0.001 Intercept 41.113 42.663 0.964 0.336
Adventure -0.506 0.240 -2.111 0.035 Release date -0.019 0.021 -0.925 0.356
Casual -1.160 0.240 -4.832 <0.001
Experimental ~ -2.120 0.240 -8.831 <0.001 Table 12 Regression analysis results of the effects of release dates on
Puzzle -1.040 0.240 -4.332 <0.001 the number of accessibility features regarding cognitive disabilities
Racing -0.853 0.240 -3.555 <0.001 Estimate  Standard error t value Pr(>|t)
RPG -0.386 0.240 -1.611 0.107 Intercept -0.311 28.094 -0.011 0.991
Simulation -1.093 0.240 -4.554 <0.001 Release date <0.001 0.013 0.033 0.974
Sports -1.120 0.240 -4.665 <0.001
Strategy -1.120 0.240 -4.665 <0.001 Table 13 Regression analysis results of the effects of release dates on
Tabletop -1.840 0.240 -7.665 <0.001 the number of accessibility features regarding all three types of dis-

Table9 Significant differences between the number of all accessibility
features among the TLGs

Pairs of TLGs Difference p-value
Casual — Action 1.160 <0.001
Experimental — Action 2.120 <0.001
Puzzle — Action 1.040 <0.001
Racing — Action 0.853 0.001
Simulation — Action 1.093 <0.001
Sports — Action 1.120 <0.001
Strategy — Action 1.120 <0.001
Tabletop — Action 1.840 <0.001
Experimental — Adventure 1.613 <0.001
Tabletop — Adventure 1.333 <0.001
Experimental — Casual 0.960 <0.001
RPG — Casual 0.733 0.008
Tabletop — Casual 0.680 0.039
Puzzle — Experimental 1.080 <0.001
Racing — Experimental 1.266 <0.001
RPG — Experimental 1.733 <0.001
Simulation — Experimental 1.02 <0.001
Sports — Experimental 1.00 <0.001
Strategy — Experimental 1.00 <0.001
Tabletop — Experimental 0.280 <0.001
Tabletop — Puzzle 0.800 0.005
Tabletop — Racing 0.986 <0.001
Simulation — RPG 0.706 0.026
Sports — RPG 0.733 0.016
Strategy — RPG 0.733 0.016
Tabletop — RPG 1.453 <0.001
Tabletop — Simulation 0.746 0.013
Tabletop — Sports 0.720 0.020
Tabletop — Strategy 0.720 0.020

Table 10 Regression analysis results of the effects of release dates on
the number of accessibility features regarding sensory disabilities

Estimate  Standard error t value Pr(>|t))
Intercept -12.645 59.594 -0.212 0.832
Release date 0.007 0.029 0.255 0.799

266

@ Springer

abilities

Estimate  Standard error t value Pr(>|t])
Intercept 9.385 30.346 0.309 0.757
Release date -0.003 0.015 -0.256 0.798

These types of accessibility features produced similar
results to the previous one. The year of release also had no
significant effects on their numbers. However, their number
decreased a little through the years.

The following to assess were the effects on the number of
cognitive accessibility features. The results can be observed
in Table 12.

As previously, the year of release had no significant
effects on cognitive accessibility features. The number of
such features increased throughout the years, albeit in very
small numbers.

Lastly, the effects on the number of all three types of
accessibility features were examined. The results are shown
in Table 13.

As can be seen in Table 13, even if all three types of
accessibility features were assessed, the year of release had
no significant effect on them. Therefore, it can be concluded
that the release dates of games had no significant effect on
the number of accessibility features contained in commer-
cial video games.

5.3.3 The effects of game modes

The effects of the game modes on the number of accessibil-
ity features are presented next. First, the effects on accessi-
bility features regarding sensory disabilities were assessed.
The results of the analysis are shown in Table 14. The inter-
cept variable was single-player only.

According to the results of the analysis presented in
Table 14, the game modes did not have any significant
effects on the number of sensory accessibility features.
However, compared to single-player only games, those that
had a multiplayer mode had an increased number of sensory
accessibility features.
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Table 14 Regression analysis results of the effects of the game modes
on the number of accessibility features regarding sensory disabilities

Estimate Standard error  tvalue Pr(>[t))
Intercept 2.486 0.210 11.837  <0.001
Multiplayer mode  0.104 0.247 0.422 0.673

Table 15 Regression analysis results of the effects of the game modes
on the number of accessibility features regarding motor disabilities

Estimate Standard error  tvalue Pr(>[t))
Intercept 1.402 0.149 9.391 <0.001
Multiplayer mode  0.368 0.175 2.098 0.036

Table 16 Regression analysis results of the effects of the game modes
on the number of accessibility features regarding cognitive disabilities

Estimate Standard error  tvalue Pr(>[t))
Intercept 0.569 0.099 5.752 <0.001
Multiplayer mode  0.047 0.116 0.409 0.683

Table 17 Regression analysis results of the effects of the game modes
on the number of accessibility features regarding all three types of dis-
abilities

Estimate Standard error  tvalue  Pr(>|t])
Intercept 1.486 0.106 13.91 <0.001
Multiplayer only ~ 0.173 0.125 1.38 0.168

Next, the effects of motor accessibility features were
investigated. The results of the analysis are presented in
Table 15. As previously, the intercept variable was single-
player only.

Contrarily to sensory accessibility features, the game
modes had effects on motor accessibility features. In this
case, games that had a multiplayer mode had significantly
increased number of motor accessibility features compared
to single-player only games.

The effects on the number of cognitive accessibility fea-
tures were investigated next. The results of the investigation
can be observed in Table 16. Similarly the previous case, the
basis variable was single-player only.

The results show that the game modes did not signifi-
cantly influence the number of cognitive accessibility fea-
tures. Still, the number of such features was larger in the
case of games that had a multiplayer mode.

Lastly, the effects on all three types of accessibility
features were assessed. The results of the analysis can be
observed in Table 17. Similarly, the intercept variable was
single-player only.

When all three types of accessibility features were inves-
tigated, no significant effects were found on their number.
Therefore, in conclusion, except for motor accessibility fea-
tures, the game modes did not significantly affect the num-
ber of accessibility features present in video games.
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6 Discussion

According to the results, the four research questions were
answered. The first research question was about the propor-
tions of various accessibility features. The results showed
that there was a variation in the number of accessibility fea-
tures between the 11 TLGs. With the exception of accessibil-
ity features regarding motor disabilities, each TLG showed
different proportions of such features. This highlights the
fact that game developers do not similarly prioritize video
game accessibility features across the TLGs. However,
since the proportions of motor accessibility features were
similar between the TLGs, and the number of such features
was large, this may suggest that developers highly prioritize
these types of features in their games. Also, the proportions
of accessibility features were similar between release dates.
Furthermore, the proportions of all accessibility features
were significantly different between the game modes. This
means that accessibility features were not similarly priori-
tized between single-player only games and those that had a
multiplayer mode by the developers.

The second research question was about the effects of
TLGs on the number of accessibility features. The results
showed that TLGs have significant effects on the number
of accessibility features. Developers may make conscious
decisions to include or emphasize certain accessibility fea-
tures based on the genre of the game. For example, casual
games may prioritize features that assist players with cogni-
tive disabilities, while action games may focus on features
that help players with sensory and motor disabilities.

The third research question focused on the effects of
release dates on the number of accessibility features.
Release dates did not have a significant effect on the number
of accessibility features. This implies that developers pri-
oritize accessibility independently of this factor. This also
suggests that accessibility is not merely a trend associated
with newer release dates.

The fourth research question was about the effects of
game modes on the number of accessibility features. The
results show that games that had a multiplayer mode had
a significant effect on the number of motor accessibility
features. Usually, in competitive multiplayer games, the
inclusion of such features can help players with disabilities.
They empower them to compete on equal footing with other
players.

As could be observed, the results highlight the prioritiza-
tion of accessibility features across various types of TLGs.
Thankfully, games nowadays have several accessibility
features for players with motor or sensory impairments.
However, only a small number of games were developed
for players with cognitive impairment. This may be because
these types of disabilities are complex. In conclusion, the
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results are significant for both game developers and play-
ers alike. Developers can use the findings presented in the
study to decide about the inclusion of accessibility features
based on the genre of their game. By doing so, they can
enhance the gaming experience for players with disabili-
ties and potentially expand their player base. On the other
hand, players with disabilities can use the results presented
to select games that are more likely to cater to their spe-
cific accessibility needs. This could lead to a more enjoyable
gaming experience.

Naturally, this study also had its limitations. First of all,
only 25 games were selected from each TLG, except for
experimental games. In their case, only 10 were selected.
By increasing the number of games included in the study,
more definitive results could be yielded. Similarly, only
PC games were analyzed. The results could be compli-
mented by investigating games on other platforms. Another
limitation could be the criteria used to define and catego-
rize accessibility features. This can vary between sources;
therefore, it could affect the consistency and reliability of
the findings. Thirdly, the study primarily focused on ana-
lyzing the presence of accessibility features within video
games. While this provides valuable insights into industry
practices, it does not capture the subjective experiences of
players with disabilities. Future research could incorporate
player feedback to provide a better understanding of acces-
sibility in video games.

7 Conclusions

The findings provide important insights into the relation-
ship between TLGs and the number of accessibility features
in commercial video games. During the research, G-tests,
regression analyses, and ANOVA were used to investigate
the number of accessibility features in the various TLGs.
The results show that the TLGs had an important role
regarding the number of accessibility features.

Different TLGs had varying numbers of accessibility
features. Action games had the largest number of sensory
and motor accessibility features, whereas casual games
had the largest number of cognitive accessibility features.
The smallest number of all types of accessibility features
could be found in experimental and tabletop games. TLGs
also had significant effects on all types of accessibility
features. Release dates did not have significant effects on
the number of accessibility features, whereas game modes
had such effects. The results suggest that game developers
prioritize accessibility differently depending on TLG and
game modes, while it also seems that accessibility is pri-
oritized independently of release dates. Developers can use
the results presented in this study to make decisions about
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adding different accessibility features to their games. This
can lead to a more inclusive player base, eventually leading
to the fact that players with disabilities could choose games
that align with their accessibility needs.

In conclusion, understanding why certain TLGs are more
likely to have various accessibility features can help the
industry in terms of video game accessibility. Furthermore,
these findings can be used to increase awareness and com-
mitment to accessibility in the gaming industry.

Appendix
See Tables 18, 19, 20, 21 and 22.

Table 18 List of games investigated (Action, adventure, casual, exper-

imental)
Action Adventure Casual Experimental
Team Fortress 2 Path of Exile Plants VS. Proteus
Zombies
World of Tanks Warframe Cities Skylines The Begin-
ner’s Guide
Lord of the Rings GTAV Stardew Heliborne
Online Valley Collection
PlanetSide 2 No Man’s Sky  Shakes and Alt-Fre-
Fidget quencies
Counter-Strike: Watch Dogs 2 Uno Superhot:
Global Offensive Mind Con-
trol Delete
CoD: Black Black Desert Ultimate Simulacra 2
Ops 11 Chicken Horse
Final Fantasy Little Gang Beasts HyperDot
X1V Nightmares
Warface Unravel 2 Fallout Shelter Inscryption
Dying Light Paladins House Flipper Enter the
Backrooms
Tom Clancy’s Far Cry 5 Pummel Party Bonelab
Rainbow Six
Siege
Smite Forager Among Us -
Human: Fall Flat  Little Overcooked! 2 -
Misfortune
Ark: Survival Genshin Impact BloonsTD 6 -
Evolved
Brawlhalla Spirit of The Two Point -
North Hospital
World of Horizon Zero Project Winter -
Warships Dawn
The Forest God of War Shop Titans -
Destiny 2 Stray Rec Room -
Apex Legends Raft Goose Goose -
Duck
Sea of Thieves Uncharted: Leg- 1dleOn -
acy of Thieves
Collection
Halo Infinite Assassin’s Creed Pico Park -
Valhalla
Overwatch 2 Stalcraft GrandChase -
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Table 18 List of games investigated (Action, adventure, casual, exper-
imental)

Table 19 List of games investigated (Puzzle, Racing, RPG, Simula-
tion)

Action Adventure Casual Experimental Puzzle Racing RPG Simulation
Tiny Tina’s High on Life Potion Craft - Patch Quest Apex Point Wo Long: Football
Wonderlands Fallen Manager
Monster Hunter ~ Sons of the Vampire - Dynasty 2023
Rise Forest Survivors Rytmos Trackmania Tom Clancy’s Car
Wild Hearts Daydream: Slime Rancher - The Divi- Detailing
Prologue 2 sion 2 Simulator
Grim Guardians: ~ Abyss of Fire Octopath - Alignment Kartrider: Drift Hogwarts One-Armed
Demon Purge Traveller 11 Legacy Cook
In Sink Monster Energy Forspoken Idle Skilling
Table 19 List of games investigated (Puzzle, Racing, RPG, Simula- Supereross 6
tion)
Puzzle Racing RPG Simulation Table 20 List of games investigated (sports, Strategy, Tabletop)
Portal 2 APB Reloaded EVE Online  Garry’s Mod Sports Strategy Tabletop
Puzzle Pirates Fireburst Star Trek Euro Truck The Hunter Classic ~ Warcraft III: Reign of Baldur’s Gate I1I:
Online Simulator 2 Chaos Enhanced Edition
Marvel Puzzle RaceRoom Racing Diablo ITT Project FreeStyle 2: Street League of Legends Talisman: Digital
Quest Experience Zomboid Basketball Edition
Five Nights at  Assetto Corsa Dungeons War Rocket League Dota 2 Tabletop
Freddy’s & Dragons  Thunder Simulator
Online Pool Nation FX Lite  Hearthstone Card Hunter
Resident Evil iRacing RuneScape  The Sims 4 Steep Hearts of Iron IV Cards and Castles
Lost Lands: A Transformice Dragon Age: American SpeedRunners Stellaris Simply Chess
Hidden Object Inquisition  Truck Governor of Poker 3 Sid Meier’s Civiliza- Tabletopia
Adventure Simulator tion VI
Life is Strange - Need for Speed Skyrim theHunter: Zaccaria Pinball PUBG: Battlegrounds Uno
Episode 1 Ca.ll of the Fishing Planet March of Empires Monopoly Plus
. Wild Tekken 7 SpellForce 3 Reforced ~ Carcassonne-
Cube Escape: Vlctory: The Age  Dark Souls  Tank Force Tiles & Tactics
Parad(')x . Of Racing . 1 . . Trophy Fishing 2 Hello Neighbor Catan Universe
Labyrinthine High Octane Drift gllll-eClhI:gi's Rimworld Real Pool 3D Anno 1800 For The King
Ori and the Will ~ Crossout Albion Conflict of Beat Sa.ber Co.nflueror’s Blade Stormbour'ld
of the Wisps Online Nations: quf With Your Minion Masters Terraforming
World War 3 Friends Mars
Seven Doors The Crew 2 Stay Out DCS World Soccer Manager Teamfight Tactics Super J igsav.v Puz-
It takes two Liftoff : FPV Cyberpunk Space 2020 . zle: Generations
Drone Racing 2077 Engineers eFootball 2023 Crusader Kings II1 Root
Poppy Playtime ~ MX Bikes Fallout 76 Planet Zoo Walkabout Mini Golf Idle Champions of the Risk:. Glc?bal
Kill Fish Marbles Yakuza: Like Flight VR Forgotten Realms Domination
a Dragon Simulator Russian Fishing 4 Factorio Gloomhaven
Tetris Effect: Fall Guys Valheim My Village Fifa 23 Legends of Runeterra Talespire
Connected Life NBA2k23 Age of Empires IV Jigsaw Puzzle
Project: Playtime Inertial Drift: New World  Farming Dreams
Sunset Prologue Simulator Madden NFL 23 Total War: Warham- Dominion
2022 mer II1
Alittle to the left Forza Horizon 5 Elden Ring  To The PGA Tour 2k23 Marvel Snap Stacklands
Rescue! Shredders Company of Heroes 3 Dungeon
Tunic Bro Falls Guild Wars 2 SnowRunner Alchemist
The Spirit and F122 Tower of Tavern Undisputed Tortuga - A Pirate’s Tale Roll Player - The
the Mouse Fantasy Master Board Game
We Were Here Dakar Desert Summon- My Singing WWE 2k23 Lumencraft FPS Chess
Forever Rally ers War: Monsters
Chronicles Table 21 Descriptive statistics of the release dates of investigated
Atomic Heart WRC 10: FIA Undecember F1 Manager TLGs
World Rally 2022 TLG Min Max Median Mean SD
Championship Action 2007 2023 2017 2016.60 438
Adventure 2013 2023 2020 2019.28 3.08
269
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Table 21 Descriptive statistics of the release dates of investigated
TLGs

TLG Min Max Median Mean SD
Casual 2009 2023 2018 2018.52 3.05
Experimental 2013 2022 2020 2018.80 2.89
Puzzle 2011 2023 2021 2019.24 3.98
Racing 2011 2023 2019 2018.32 3.67
RPG 2010 2023 2020 2018.52 421
Simulation 2006 2022 2019 2018.20 4.01
Sports 2009 2023 2019 2018.60 343
Strategy 2002 2023 2019 2017.76 4.69
Tabletop 2013 2022 2018 2018.24 2.83
Table 22 Data distribution of game modes

TLG Single-player only With multiplayer mode
Action 0 25

Adventure 13 12

Casual 9 16

Experimental 8 2

Puzzle 16 9

Racing 2 23

RPG 18

Simulation 10 15

Sports 1 24

Strategy 3 22

Tabletop 3 22
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Abstract

The “Souls-like” role-playing video game genre was inadvertently created due to the
influence of the “Souls franchise”. However, each game has different twists which can be
new gameplay mechanics, graphical style, etc. while maintaining the core elements of the
“Souls franchise”. The goal of this study is to understand which gameplay mechanics are
more liked by comparing reviews of these games to each other. Thus, different game
design elements and game mechanics are investigated in 21 “Souls-like” video games to
see how the users reacted to them and whether they positively reviewed them. All
(993,932) reviews were scraped from the Steam webpage regarding these games in the
middle of April 2021 using the steam_reviews Python package. These reviews contain
the playtime at review, whether a positive or negative rating is given, and a textual
component among others. Overall, 11 various game design elements and game mechanics
were set up for the investigation: the setting, graphical dimensions as well as style, level
design, and whether there are difficulty settings, multiplayer features, upgradeable
weapons/armor, equipment durability, in-game map, extra penalties upon death, and a
classic level-up system. Based on data distributions, either the t-test or the Mann-
Whitney-Wilcoxon test was used for the analysis. The syuzhet package, which uses
Natural Language Processing methods, was used in the statistical program package R
along with the NRC Emotion Lexicon to evaluate the textual parts. According to the
results, a slight-to-moderate correlation exists between positive reviews and the users’
playtimes: more playtimes mean a larger chance of having positive reviews. Significant
differences also exist in the percentages of positive reviews among these games: Hollow
Knight is the most liked game. Out of the investigated 11 factors, significant differences
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exist among all of them: drawn graphics (96.48%) and 2D style (95.61%) are the two
most liked factors, while pixel graphics (87.11%) and a futuristic setting (86.74%) are the
two least liked ones. Almost every factor can significantly affect all eight basic emotions
(anger, anticipation, disgust, fear, joy, sadness, surprise, trust). The exceptions are
graphical dimensions, weapon/armor upgradability, in-game map, and extra penalties
upon character death as no significant differences exist in case of trust (p = 0.85), anger
(p = 0.24), sadness (p = 0.21) and disgust (p = 0.095), respectively when the average
sentiments per review were examined. Future “Souls-like” game design and development
can be influenced by the results as game developers can more easily choose from the
factors they want to implement or whether they want them at all in their games.

Keywords Dark souls - Data analysis - Game design - Game mechanics - Souls-like - Video game
feedback

1 Introduction

Video games have come a long way since their inception and nowadays, several genres of
them exist, such as first-person shooters, real-time strategies, and role-playing games.
Throughout the years video game genres have evolved as well by incorporating different
design elements and game mechanics. This makes gaming experience unique as having good
gameplay is important [13, 14].

Developing a unique gaming experience is not an easy task and guides were created to make the
procedure simpler [1, 8]. Designing role-playing games is even more complex as according to
Horsfall and Oikonomou, players prefer a good combat system, story, and interaction with non-
player characters (NPCs) [22]. Daneels et al. also proved that narrative, interaction with characters,
and narrative-impacting choices elicited eudaimonic moments [11]. Such design elements as realistic
characters and tone-appropriate soundtrack scores can also enhance player experiences. The latter
is also strengthened by Skalski and Whitbred, however spatial dimensions do not
significantly affect enjoyment [42]. Contrarily to spatial dimensions, graphics and
“juiciness” are important as well [26]. According to Bostan and Kaplancali, certain
game mechanics such as melee combat, fixing broken equipment, gathering informa-
tion, acquiring something, etc. can motivate players by providing their needs [5].

1.1 Inception of the “Souls franchise”

As years progressed, some developers began experimenting with various game mechanics,
such as an unreliable narrator [39] or telling stories using game mechanics [21]. After
experimenting with game mechanics, the first “Souls game” titled Demon Souls, developed
by a Japanese game studio called From Software, was released on PlayStation 3 (PS3) in 2009
under the direction of Hidetaka Miyazaki. Initially, it received a mixed reception, but ulti-
mately it became a commercial success. Due to its success, three sequels were made by the
same team: Dark Souls I, II, and III. Contrarily to Demon’s Souls, the Dark Souls games were
released on PC. These games in the “Souls franchise” were praised for their high difficulty
level which can either be intimidating or intefsting to the players and even their viewers [18].
These games also have a vast, interconnected hostile world that can be explored (almost)
freely, appealing to people who are of the “compete” and/or “explore” types of players [27].
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The results in the study of Salmon et al. also show that games that are challenging are in the
top three types of games played by seniors [41].

The “Souls-like” video game genre was inadvertently created due to the influence of the
“Souls franchise” as several other game developers implemented its “Souls formula” in their
games. However, each “Souls-like” game is given new twists which can mean new gameplay
mechanics, graphical style, etc. while maintaining the core elements such as the unforgiving
difficulty, the so-called “bonfire checkpoint system”, and the environmental/contextual story-
telling. As there is a high emphasis on the environments, screenshots of Dark Souls, Dark
Souls II — Scholar of The First Sin, and Dark Souls III are shown in Fig. 1.

Changes among “Souls-like” games can either be small or large: for example, gunplay
(ranged combat) is one of the main focuses of Remnant: From The Ashes instead of the
(mostly) melee combat that can be found in the Dark Souls games; or another example is Salt
and Sanctuary which is a 2D game instead of a 3D one. Most games do not provide an in-game
map, however some do. Therefore, differences exist between the various “Souls-like” games,
but what do players think about them? To find an answer to this question, the reviews on
Steam have to be analyzed.

1.2 Analyzing reviews on steam

Analyzing Steam reviews is not a foreign concept as several studies investigate their useful-
ness. Lin et al. studied the reviews found on early access games and concluded that players
leave more positive reviews after the game leaves early access [30]. According to Busurkina
et al., reviews usually contain seven topics: achievements, narrative, social interaction, social
influence, visual/value, accessories, and general experience. Besides these, users are likely to
report bugs in the reviews [7].

(a) (b)

Fig. 1 Screenshots of Dark Souls (a), Dark Souls II — Scholar of The First Sin (b), and Dark Souls III (¢)
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As Steam reviews have multiple components, not every part of them is necessary to identify
whether they are useful or not. According to Kang et al. the total votes on a review by others is
the most important in this regard, while the second most important factor is the user’s
recommendation (whether a review is positive or negative) for the game [25]. However, the
study of Eberhard et al. shows that those reviews that are more voted on are more complex and
express more negative sentiments as they are critical towards the game [12].

Then, what is the case with the “Souls franchise” and “Souls-like” games? Is their reception
significantly different due to the various design choices? What are the sentiments of players?
To find an answer to these questions, several “Souls-like” games are investigated along with
the “Souls franchise”. These examined games are shown in Table 1:

Therefore, for this investigation, this article is structured as the following: the core game
mechanics of “Souls franchise” and “Souls-like” games are discussed in Section 2, the research
questions are presented in Section 3, the used materials and methods are shown in Section 4,
while the results and discussion can be seen in Sections 5 and 6, respectively. Lastly,
conclusions are drawn in Section 7.

Table 1 The list of investigated games

Game First Platform Developer
release date
Ashen 2018 Windows, Xbox One, Switch, PlayStation 4 A44
Blasphemous 2019 Windows, Linux, macOS, Xbox One, Switch, The Game Kitchen
PlayStation 4
Code Vein 2019 Windows, Xbox One, PlayStation 4 Bandai Namco
Entertainment
Darksiders IIT 2018 Windows, Xbox One, Switch, PlayStation 4 Gunfire Games
Dark Souls 2011 Windows, Xbox 360, PlayStation 3 From Software
Dark Souls — Remastered 2018 Windows, Xbox One, Switch, PlayStation 4 From Software
Dark Souls II 2014 Windows, Xbox 360, PlayStation 3 From Software
Dark Souls IT — Scholar of 2015 Windows, Xbox 360, Xbox One, PlayStation From Software
The First Sin 3, PlayStation 4
Dark Souls III 2016 Windows, Xbox One, PlayStation 4 From Software
Death’s Gambit 2018 Windows, PlayStation 4 White Rabbit
Hellpoint 2020 Windows, Linux, macOS, Xbox One, Switch, Cradle Games
PlayStation 4
Hollow Knight 2017 Windows, Linux, macOS, Xbox One, Switch, Team Cherry
PlayStation 4
Lords of The Fallen 2014 Windows, Xbox One, PlayStation 4, iOS, Deck13 Interactive,
Android CI Games
Nioh: Complete Edition 2017 Windows, PlayStation 4, PlayStation 5 Team Ninja, Kou
Shibusawa
Nioh 2: Complete Edition 2020 Windows, PlayStation 4, PlayStation 5 Team Ninja, Kou
Shibusawa
Remnant: From The Ashes 2019 Windows, Xbox One, PlayStation 4 Gunfire Games
Salt and Sanctuary 2016 Windows, Linux, macOS, Xbox One, Switch, Ska Studios
PlayStation 4, Vita
Sekiro: Shadows Die Twice 2019 Windows, Xbox One, Stadia, PlayStation 4  From Software
Star Wars Jedi: Fallen Order 2019 Windows, Xbox One, PlayStation 4, Stadia  Respawn
276 Entertainment
The Surge 2017 Windows, Xbox One, PlayStation 4 Deck13 Interactive
The Surge 2 2019 Windows, Xbox One, PlayStation 4 Deck13 Interactive
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2 What makes a game “Souls-like”?

In this section, the game design elements and mechanics — which some call an aesthetic
category [29] — are presented in detail. As shown in Fig. 2, the appearance of “Souls-like”
games varies among them mainly due to design elements, but sometimes due to their
mechanics as well.

Even though their appearance varies, their two core elements remain. These two core
elements are the unforgiving difficulty and environmental/contextual storytelling which are
detailed in subsections 2.1 and 2.2, respectively.

2.1 The unforgiving difficulty

According to the Flow theory of Csikszentmihalyi, players should be put in a so-called “Flow
channel” which exists between the stages of boredom and anxiety [36]. Players should
occasionally step into both stages which can create the concept of flow and interesting
gameplay. However, the time spent in either boredom or anxiety should not be long, otherwise
the player could get demotivated or annoyed. It should be noted that staying in the anxiety
stage can also increase the heart rate of the player [4].

However, these games are more about perseverance than are about Flow because the stage
of boredom is very small [33], and interaction with the vast environment can be done in
multiple ways [37]. Also, the game’s world is hostile and anything could kill the player
character. At a first glance, the player does not know which NPCs are friendly or are hostile.
Since the games usually do not restrict killing NPCs, friendly ones can also be killed. This can
prevent completing certain quests or can set the player character on a new path. Thus, the
challenge is usually a lot higher than the player’s skill. According to Rogers, the stage of “pain

-0 0000

& 5719

Fig. 2 Screenshots of Death’s Gambit (a), Sekiro: Shadows Die Twice (b), Hollow Knight (¢), and The Surge 2
(d)
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and loss” can be reached due to the high difficulty, and the player’s skills can also be improved
which is another stage [40]. This can create some goals and motivation [31]. This is one of the
keys to the successful flow of gameplay found in these types of games [2].

2.1.1 Combat

Even the weakest enemy can kill the player character with three or four attacks. To add to the
difficulty, sometimes enemies are in a certain position where the player cannot see them (e.g.
behind a column). This means that the player has to know their position, attack pattern, and the
area’s layout to survive the encounter.

Since the focus is on melee combat in “Souls-like” games, the weapons and armor of the
player character can be upgraded in most of them. As aggressive combat is preferred when
playing these games, a ““stamina system” is also used: when the player dodges, runs, or attacks,
the stamina of the character decreases. When the stamina is empty, the player character cannot
do anything besides walking. Therefore, resting is required to refill it, but the player character
can be attacked during resting.

As the difficulty of these games is high, the players have multiplayer features in most of
them. This means they can summon other players into their games for help, usually before
fighting bosses. However, Remnant: From The Ashes is one game that offers a full campaign
playthrough with two other players at most.

2.1.2 The bonfire checkpoint system

The so-called “bonfire checkpoint system” is the most important part of the “Souls-like”
games. Depending on the games, the bonfires themselves can change graphically due to the
changes in the story. For example, the bonfire is illustrated as a bench in Hollow Knight, as a
shrine in Nioh: Complete Edition, or as a crystal in Remnant: From The Ashes. However, their
functions remain the same in each game. This system is illustrated with a flowchart in Fig. 3.

In this simplified version of the “bonfire checkpoint system” the player character can either
do two things: interact with a bonfire or be killed. In the case of interaction, a new checkpoint
is created near the bonfire. The player character becomes healed and all other enemies (except
the bosses) respawn in the world of the game. The health potions (e.g. Estus Flasks in Dark
Souls) are also refilled. In case of death, first, the currency is dropped on the ground. Then, the
player character is either returned fully healed with his refilled health potions to the last
checkpoint or the beginning of an area. The latter usually only happens in the beginning of the
game. The enemies also respawn in the case of the player character dying. Now, the player
character has a choice that is not explicitly illustrated in Fig. 3: the player character can either
go back to pick up the previously dropped currency or can continue the game. It should be
noted that if the player character is killed again, then the previously dropped currency will be
lost forever. However, new currency (which was gathered after the previous death) can be
dropped in a new spot upon dying. Naturally, if the player character picks up the previous
currency, it is added to the new currency in the character’s inventory.

2.1.3 Level design

278
Regarding level design, most of the “Souls-like” games have an interconnected and open-
world map that can be perceived as giant [16], whereas in Nioh: Complete Edition, the player
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What happens The player character is killed

in the game?

The player character drops
all currency that is on him

Did the player
character pick up
the previously
dropped currency
before dying?

The previously dropped
currency is lost forever

The player character interacts with a bonfire

Does a No
checkpoint

exist?

A checkpoint is created

Yes
The player character is The player character is returned
returned to the checkpoint to beginning of the area

The player character is
healed

l

Health potions are
replenished

l

Enemies respawn
I

Fig. 3 Flowchart of the “bonfire checkpoint system”

has to choose a level from the level selection screen. The 2D games share this interconnected
open-world, but they are called “Souls-like Metroidvania” games. Metroidvania is a portman-
teau of Metroid and Castlevania as they were the pioneers of this genre: usually, these are 2D
side-scroller role-playing games with an open world. The player has to navigate the levels,
defeat enemies and bosses to proceed, however there are environmental hazards as well, e.g.
traps. An in-game map is present in these games, except in the case of Salt and Sanctuary.
Similar maps can also be found in Code Vein or Remnant: From The Ashes which are 3D
“Souls-like” games. There is a map in Sekiro: Shadows Die Twice, but it does not tell the exact
position of the player, thus it is not counted as an in-game map.

However, knowing the area is not easy, because most “Souls-like” games do not show the
layout, do not point in a direction, and do not have an in-game map. For example in the first
Dark Souls, it is only mentioned to “ring a bell inside the tallest tower”. The player has to
figure out how to get there as the game is linear and no marks can be seen that could
indicate the correct way. It is possible to go into different directions as well and begin a new
quest.
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2.2 The environmental/contextual storytelling

A recurring theme of death is featured by the “Souls franchise” and it is even built into their
stories and gameplay [34, 45]: the player character is some kind of undead on a quest — a
hero’s journey [9, 43] — to find a cure and/or rekindle a fire to stop the end of “The Age of
Fire” and even the end of the world [19]. However, it is up to the player to stop this because it
is also possible to hasten the world’s end in the games. It is the player’s choice, usually
depending on what the player understood of the story.

As can be expected, the story of the franchise is deep and evolved throughout the Dark
Souls games [17]. Although, the storytelling in these “Souls” games is quite unusual: besides
environmental storytelling and cryptic dialogues of NPCs, the story of the games is told
through item descriptions [3]. In other words, the storytelling can be contextual as well within
the games.

A great example of environmental storytelling is in the original Dark Souls: the town of
Oolacile is corrupted by the Abyss. The player starts at the top of the tallest building. First, the
player has to go down to the surface level, and lastly, to the Abyss itself. As the player ventures
downward, more black substances appear on the buildings, more buildings can be seen
destroyed. Even the environment itself becomes darker later on, and the enemies appear more
inhuman. An example of contextual storytelling is in the description of the “Witch’s Ring” in
Dark Souls III: “The Witch of Izalith and her daughters, scorched by the Flame of Chaos,
taught humans the art of pyromancy and offered them this ring (...)”. This sentence tells the
player that the art of pyromancy (which is a form of magic in the “Souls franchise™) is taught
by The Witch of Izalith. This fact could not be known if the player did not read the item
descriptions. The game will not tell the player during the playthrough. There are countless
other similar examples.

It should be noted that the item descriptions are as cryptic as the dialogues of NPCs. It is
possible that the players could not understand the story even after finishing the games if they
did not search for crucial information that is hidden in the world and item descriptions.
However, the community of this franchise is quite large, meaning that online forums and
videos exist intending to piece the story of the games together [23].

3 Research questions

As could be seen in the introductory section, game design elements and mechanics make the
games unique. The effects of narrative, graphics, character models, sounds, melee combat,
fixing broken equipment, gathering information, and acquiring items were investigated in the
literature. Also, according to previous results, analyzing whether Steam reviews are positive or
negative can determine what players liked or did not like. As people write reviews, their
sentiments are reflected in the text.

Since there are several “Souls-like” games available, and they have design elements and
mechanics that vary, it would be interesting to see whether players have different opinions and
feelings about them. Therefore, four research questions (RQs) were formulated to investigate
whether these differences positively or negatively affect the reception of the games.

RQI: Are there any significant differé@®&@s in the percentage of positive reviews among
the games?
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RQ2: Does the playtime of the user correlate with the percentage of positive reviews the
games received?

RQ3: Do the different game design elements and game mechanics influence the percent-
age of positive reviews?

RQ4: Do the different game design elements and game mechanics influence the emotions
in the reviews?

4 Materials and methods

To answer the RQs, a considerable amount of user reviews was needed. To scrape the Steam
webpage, the freely available steam reviews package was used [20]. This package was
developed in Python under the MIT license and it uses the Steamworks API. With the use
of this package, user reviews were scraped from the Steam website during the middle of April
2021. The reviews were downloaded in a .json format. Then, they were imported using the
jsonlite package into R in which they were evaluated [10].

The investigation consisted of three phases. The first phase was the scraping (subsection
4.1), the second was the creation of factors that were investigated (subsection 4.2) and the third
was the evaluation itself (subsection 4.3). The latter phase was made up of three various parts:
the first part focused on the correlation between playtime and the reviews, the second focused
on the percentage of positive reviews grouped by games and certain factors, while the third
part focused on the text component inside the reviews.

4.1 The scraping process

Before the scraping process began, the games themselves had to be selected. The selection was
made somewhat easier by the tag system on Steam, however the tags are placed by users on the
games. This fact is important because it can make the system faulty. For example, at the time
of writing this article, “VEGAS Pro 14 Edit Steam Edition™ is tagged as “Souls-like” on
Steam, despite it being a video editing software. Therefore, the popular tags on these games
were examined carefully. The selection criteria were the following: is tagged as “Souls-like”
on Steam, has similar combat, and a checkpoint system to the “Souls franchise”, as well as it is
not an early access title. To ascertain whether the selected games could be considered “Souls-
like”, they were tried out and most of them were even played through. For example, Titan
Souls was not included in the investigation: it was tagged as “Souls-like”” on Steam, but it did
not contain the “bonfire checkpoint system”. It is more like a “Shadow of the Colossus”-type
of role-playing game, than a “Souls-like”. This means that the game has an open world and
besides the player character, only bosses exist in it. The player has to find them and defeat
them. If all are defeated, the game is completed.

After the games were selected, the Steam reviews subpage was examined. Each game on
Steam has a subpage that contains the user reviews. The reviews are complex and each
contains multiple fields of information [46], but only the following were scraped:

* The game’s name.

* Language of the review.

e Textual part. 281

*  Whether the game is recommended in the review (thumbs up or thumbs down).
» The reviewer’s total playtime with the reviewed game.
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* The reviewer’s playtime at the time of review with the reviewed game.

Overall, the number of scraped reviews was 993,932. This also means that — regarding these
games — all reviews were scraped from Steam during the middle of April 2021. The number of
these records can also be seen in Table 2 regarding each game. Based on the number of
reviews alone, Dark Souls III is the most played game in this genre.

4.2 The investigated factors

After the scraping was completed, the factors that were critical to the comparison were set up.

For the investigation, the design elements and game mechanics in the previously mentioned

games were carefully examined and the differences between them were noted. These differ-

ences and their abbreviations are the following:

* The setting (SET): e.g. medieval setting, as in the Dark Souls games.

* Graphical dimensions (GD): e.g. 2D games, such as Death’s Gambit.

* QGraphical style (GS): e.g. realistic style, as in The Surge games.

* Level design (LD): e.g. level selection system, such as in Nioh: Complete Edition.

*  Whether there are difficulty settings (DIFF): e.g. there are no difficulty settings in the Dark
Souls games.

*  Whether a multiplayer feature exists (MUL): e.g. Remnant: From The Ashes has cooper-
ative play.

*  Whether the weapons or the armor of the player character can be upgraded (UPG): e.g.
these are not upgradeable in Sekiro: Shadows Die Twice (only the skills are upgradeable).

*  Whether a durability variable exists for the equipment of the player character (DUR): e.g.
the weapons/armor can break in the first Dark Souls game.

Table 2 The number of scraped reviews grouped by game in ascending order

Game Number of scraped reviews
Ashen 1514
Hellpoint 2453
Death’s Gambit 2857
The Surge 2 4639
The Surge 6799
Darksiders 111 10,431
Salt and Sanctuary 12,953
Blasphemous 13,545
Lords of The Fallen 16,121
Nioh 2: Complete Edition 17,429
Nioh: Complete Edition 25,618
Code Vein 28,806
Remnant: From The Ashes 35,503
Dark Souls 1T 37,577
Dark Souls — Remastered 40,368
Dark Souls II — Scholar of The First Sin 60,931
Star Wars Jedi: Fallen Order 72,824
Dark Souls 74,760
Sekiro: Shadows Die Twice 289 130,089
Hollow Knight 147,081
Dark Souls III 251,634
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*  Whether an in-game map is provided to the player (MAP): e.g. there is a map in the upper
right corner of the screen in Code Vein.

*  Whether there are extra penalties upon death (PEN): e.g. the player character loses
something else besides his currency, as in Blasphemous.

*  Whether the player character can level-up near a bonfire or at a character beside it (LVL):
e.g. as in the Dark Souls games.

After these factors were set up, several categories were created from these differences to serve
as the basis of comparison. Each of the games was examined by trying/playing them, and the
possible categories were noted by hand. The categories were designed to have multiple games
in them. These categories can be seen in Table 3, where their possible states are also presented.
Afterward, the games were carefully examined by trying/playing them and these previously
mentioned factors were assigned to them manually. These can be found in Table 4.

4.3 Evaluation of the data

On Steam, every review is either positive or negative. This is symbolized with a thumbs up or
a thumbs down on each game’s review page. Thumbs up also means that the game is
recommended by the reviewer, while thumbs down naturally means that it is not recommend-
ed. For reading purposes, these are used as synonyms in this article; therefore, positive review
= thumbs up = recommended game; while negative review = thumbs down = not recom-
mended game.

As was mentioned in the beginning of this section, the evaluation was done in three parts.
First, the correlation was investigated between the playtime and the reviews. As each review
contained the playtime at reviewing, it was easy to calculate. It should be noted that the
steam_review package scrapes the playtimes in minutes. These were converted to hours. The
results of this part of the evaluation can be found in subsection 5.1.

The second part focused on the percentage of positive reviews regarding each game. After
scraping 993,932 reviews and looking through the data, it was concluded that 904,005 of them
are positive ones. This means that 89,927 reviews are negative. In other words, approximately
90.96% of the reviews are positive and 9.04% are negative. Naturally, this is only the overall
number. In the next section, this is elaborated on regarding each game, and each factor. First,
the games themselves are compared. Afterward, they are grouped by one factor, then by all

Table 3 The investigated states of “Souls-like” game design elements and mechanics

Category Possible states

SET Medieval Japanese Futuristic -
GD 3D 2D - -
GS Realistic Cel-shaded Pixel Drawn
LD Interconnected Level selection - -
DIFF Yes No - -
MUL Yes No - -
UPG Yes No - -
DUR Yes No - -
MAP Yes N2R3 - -
PEN Yes No - -
LVL Yes No - -
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Table 4 The investigated factors and their respective values are assigned to each game

Game SET GD GS LD DIFF MUL UPG DUR MAP PEN LVL
Ashen M 3D CS I N Y Y N N N N
Blasphemous M 2D P I N N N N Y Y N
Code Vein F 3D CS I N Y Y N Y N Y
Dark Souls M 3D R I N Y Y Y N N Y
Dark Souls — Remastered M 3D R I N Y Y Y N N Y
Dark Souls II M 3D R I N Y Y Y N Y Y
Dark Souls II — Scholar of The First M 3D R | N Y Y Y N Y Y
Sin
Dark Souls III M 3D R I N Y Y Y N N Y
Darksiders III F 3D R I Y N Y N N N Y
Death’s Gambit M 2D P I N N Y N Y Y Y
Hellpoint F 3D R I N Y Y N N N Y
Hollow Knight M 2D D I N N Y N Y Y N
Lords of The Fallen M 3D R 1 N N Y N N N Y
Nioh: Complete Edition J 3D R LS N Y Y N Y N Y
Nioh 2: Complete Edition J 3D R LS N Y Y N Y N Y
Remnant: From The Ashes F 3D R I Y Y Y N Y N N
Salt and Sanctuary M 2D D I N N Y N N N Y
Sekiro: Shadows Die Twice J 3D R I N N N N N N Y
Star Wars Jedi: Fallen Order F 3D R LS Y N N N Y N Y
The Surge F 3D R I N N Y N N N Y
The Surge 2 F 3D R I N Y Y N N N Y

factors, and lastly, are compared to each other. This part of the evaluation can be seen in
subsection 5.2.

However, the only problem with the Steam reviews was that they do not have a rating
system between the scale of 1-10 (or 1-5). To get a better picture of the reviews, their textual
parts were analyzed as well. Therefore, for the textual analysis, the “syuzhet” Natural
Language Processing package was used in R [24, 47]. With its help, it is possible to classify
emotions people felt while writing the reviews. Four sentiment lexicons are incorporated by
this package. The NRC Emotion Lexicon was chosen as it is free for research purposes, and
because it proved to be useful in the past [6, 28]. Eight basic emotions (anger, fear,
anticipation, trust, surprise, sadness, joy, and disgust) and two sentiments (positive and
negative) exist in it. With the syuzhet package’s customizable get nrc_sentiment(char v, cl
= NULL, language = “english”, lowercase = TRUE) function, the sentiment of each word or
sentence can be easily assessed: they are compared to the words in the previously mentioned
emotion lexicon. Then, a data frame is created in which each row corresponds to a sentence in
the reviews, while the sentiments of every emotion are represented by columns [35]. Negative
numbers are converted from the negative column. Afterward, they are added to the values in
the positive column. The resulting matrix shows the number of sentiments per sentence. This
was the third part of the evaluation and can be found in subsection 5.3.

5 Results

Before further research commenced, the distr%lzfions of the playtime, reviews, and factors had
to be investigated as it was imperative to know them. For this, the Kolmogorov-Smirnov test
was used [44]: it can compare a sample with a reference probability distribution or two
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samples to each other. Regarding the playtimes, the hypotheses of normal distribution are
rejected in the case of every game: p < 2.2 x 10716 in all of them. Next, the distribution of the
percentage of positive reviews was investigated: if a review was positive, it was counted as 1,
and when it was negative, it was counted as 0. When investigating the percentage of positive
reviews, the hypothesis of normal distribution is accepted with p = 0.8104. Regarding the
factors per game, the hypotheses of normal distribution are also accepted in the case of every
factor. The distributions of the percentage of positive reviews per game are detailed in Fig. 4.

As could be observed in this section, the distribution of some data is normal, while it 1s not
normal in some cases. Due to this fact, parametric and nonparametric tests should be used,
respectively for further analyses. Such parametric test is the t-test [38], while such nonpara-
metric test is the Mann-Whitney-Wilcoxon test [32]. These two are used for further
investigation.

5.1 Investigating the correlation between the playtimes and positive reviews

First, the playtimes, afterward the number of recommendations was examined. The results of
the examination can be seen in Table 5. The playtimes are depicted in hours in every case.
According to the scraped reviews, if the playtimes at review are investigated, then Dark
Souls III is the game that has the largest average playtime (104.07 h), while Death’s Gambit
has the smallest average (12.99 h). If the playtimes are still counted even after reviewing, these
two games would still have the largest and smallest average playtimes, respectively with
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Fig. 4 The distributions of the percentage of positive reviews per game
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Table 5 The correlation between the playtimes at review and positive reviews

Game Average Standard Total Average Standard Correlation p
playtime at deviation of positive  percentage of  deviation of coefficient
review playtime at reviews  positive positive

review reviews reviews

Ashen 13.03 11.94 1070 0.7067 0.4454 0.3240

Blasphemous 17.25 16.86 12,125  0.8951 0.3063 0.2270

Code Vein 31.06 37.04 25,528  0.8862 0.3175 0.1290

Dark Souls 91.63 131.14 68,409  0.9150 0.2788 0.3380

Dark Souls — 4345 63.86 34,980  0.8665 0.3401 0.2100

Remastered
Dark Souls IT 96.24 125.51 33,494  0.8913 03112 0.1570
Dark Souls IT — 78.75 129.10 52,719  0.8652 0.3415 0.2180
Scholar of
The First Sin
Dark Souls Il 104.07 165.88 236,359 0.9388 0.2395 0.1530
Darksiders II1 19.07 24.66 7891 0.7564 0.4292 0.3320
Death’s Gambit 12.99 16.17 2163 0.7570 0.4289 0.3170
Hellpoint 16.86 24.02 1939 0.7904 0.4071 0.2790
Hollow Knight 45.38 55.77 142,553 0.9692 0.1727 0.1400
Legacy of The 1543 33.14 9789 0.6072 0.4883 0.3860
Fallen

Nioh: Complete 58.43 100.78 20,702 0.8081 0.3937 0.1990
Edition

Nioh 2: 41.95 63.29 14,537  0.8340 0.3721 0.2490
Complete
Edition

Remnant: From 30.58 49.19 30,120  0.8483 0.3586 0.1690
The Ashes

Salt and 27.32 34.09 11,852 0.9150 0.2788 0.2370
Sanctuary

Sekiro: 43.61 62.47 123,305 0.9478 0.2223 0.1830
Shadows Die
Twice

Star Wars Jedi:  17.84 21.09 65,784  0.9033 0.2955 0.1700
Fallen Order

The Surge 26.11 49.88 5070 0.7456 0.4355 0.3910

The Surge 2 22.06 25.00 3716 0.8010 0.3992 0.3500

182.66 h and 17.79 h. Although it should be mentioned, that in most cases the standard
deviation of playtime is larger than the average value. Naturally, this means that the playtime is
more spread out. However, it also means that there were people who really liked the games:
somebody played 27728.35 h (1155.348 days!) of Dark Souls III and 561.2 h (23.38 days!) of
Death’s Gambit. These were the maximum playtimes in the dataset when these two games are
mentioned.

Hollow Knight is the best positively reviewed “Souls-like” game with an average of
0.9692, while Sekiro: Shadows Die Twice is the second most positively reviewed (0.9478)
and Dark Souls III is the close third (0.9388). Lords of The Fallen has the smallest average of
positive reviews with 0.6072.

The next to examine was the correlation between the recommendations and playtime. As
mentioned earlier, the distributions of playti86 are not normal. Therefore, a non-parametric
correlation test, called the Spearman’s rank correlation coefficient was used to determine
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whether they are independent of each other [15]. The results of this investigation can also be
seen in Table 5.

According to the data, the correlation varies by each game, while the significance is very
strong in each case (p < 2.2 x 10719). Every correlation value is positive which means that if
the playtime increases, the player is more likely to recommend the game. The three strongest
correlations are in the cases of The Surge (approx. 0.3910), Lords of The Fallen (approx.
3860), and The Surge 2 (approx. 3500). It should be noted that these three are made by the
same developer. The three weakest correlations are in the case of Code Vein (approx. 0.1290),
Hollow Knight (approx. 0.1400), and Dark Souls III (approx. 0.1530).

5.2 Analyzing the relation between the percentage of positive reviews, game design,
and mechanics

Before investigating the various factors, significant differences among the percentages of
positive reviews of the selected games were examined. Every possible pair of them was
assessed. There are significant differences between 199 possible pairs. There are 11 cases in
which the difference is insignificant:

* Blasphemous and Code Vein (p = 0.0679).

» Blasphemous and Dark Souls IT (p = 1).

* Code Vein and Dark Souls II (p = 0.34573).

* Dark Souls and Salt and Sanctuary (p = 1).

* Dark Souls — Remastered and Dark Souls II — Scholar of the First Sin (p = 1).

* Darksiders III and Death’s Gambit (p = 1).

* Darksiders III and The Surge (p = 0.86881).

* Death’s Gambit and The Surge (p = 1).

* Hellpoint and Nioh: Complete Edition (p = 0.34573).

* Hellpoint and The Surge 2 (p = 1).

* Nioh: Complete Edition and The Surge 2 (p = 1).

Also, three pairs are close to being insignificant: Ashen and The Surge (p = 0.02532);
Blasphemous and Star Wars Jedi: Fallen Order (p = 0.04333); and lastly, Death’s Gambit
and Hellpoint (p = 0.04596). However, based on the previous p-values of the average
percentage of positive reviews, it can be stated that these are the games that received similar
reviews to each other.

Next, the percentage of positive reviews was assessed among the factors. The investigation
resulted in the following:

* SET: there are strong significant differences in positive reviews among all settings
(p < 2 x 10716 in all cases, except between medieval and Japanese settings
(p = 0.0013)). The percentages of positive reviews are 91.82%, 91.57%, and 86.74% for
medieval, Japanese, and futuristic settings, respectively.

*  GD: “Souls-like” games with 2D graphics are significantly (p < 2 x 10716) more likely to
receive a positive review than with 3D graphics. The percentages of positive reviews are
95.61% and 89.94%, respectively.

* GS: there are strong significant differences in positive reviews among all graphical styles
in all cases (p < 2 x 10719), except a®8fg cel-shaded and pixel graphics where the
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significance is weak (p = 0.027). The percentages of positive reviews are 96.48%, 90.03 %,
87.72%, and 87.11% for drawn, realistic, cel-shaded, and pixel graphics, respectively.

* LD: “Souls-like” games which feature an interconnected world are significantly
(p < 2 x 1071%) more likely to receive a positive review than those with level selection.
The percentages of positive reviews are 91.44% and 87.18%, respectively.

* DIFF: “Souls-like” games which do not have difficulty settings are significantly
(p < 2 x 1071%) more likely to receive a positive review than those which have. The
percentages of positive reviews are 91.43% and 87.40%, respectively.

* MUL: “Souls-like” games which do not have multiplayer features are significantly
(p < 2 x 1071%) more likely to receive a positive review than those which have. The
percentages of positive reviews are 92.20% and 90.06%, respectively.

e UPG: “Souls-like” games which do not allow weapon and/or armor upgrades are signif-
icantly (p <2 x 10716) more likely to receive a positive review than those which allow. The
percentages of positive reviews are 92.95% and 90.39%, respectively.

* DUR: “Souls-like” games which have an equipment durability mechanic are significantly
(p < 2 x 1071%) more likely to receive a positive review than those which not. The
percentages of positive reviews are 91.52% and 90.44%, respectively.

*  MAP: “Souls-like” games which have an in-game map are significantly (p <2 x 10716)
more likely to receive a positive review than those which not. The percentages of positive
reviews are 92.56% and 90.25%, respectively.

* PEN: “Souls-like” games which have additional penalties upon character death are
significantly (p < 2 x 10716) more likely to receive a positive review than those which
not. The percentages of positive reviews are 92.77% and 90.30%, respectively.

* LVL: When the level-up system is not the classic one (meaning not done at a “bonfire” or
specific characters near it), “Souls-like” games are significantly (p <2 x 10716) more likely
to receive a positive review than those which have the classic level-up system. The
percentages of positive reviews are 94.04% and 90.18%, respectively.

Afterward, all factors were investigated. According to these variables, 16 levels could be
created of these 21 “Souls-like” games. The following insignificant differences were found
among the positive reviews:
 (F3DRI—DIFF -MUL UPG “DUR “MAP —PEN LVL) & (F 3D R I DIFF -MUL UPG
—DUR —MAP —PEN LVL).
—  There is only one game in each category: The Surge and Darksiders III. This means
that the percentage of positive reviews among these two games are insignificantly
different (p = 0.32581).

 (F3D R I—DIFF -MUL UPG “DUR “MAP —PEN LVL) & (M 2D P I -DIFF “MUL
UPG —DUR MAP —PEN LVL).
—  There is only one game in each category: The Surge as well as Salt and Sanctuary.
This means that the percentage of positive reviews between these two games are
insignificantly different (p = 0.47739).

e (F3D R I DIFF ~-MUL UPG “DUR “MAP —PEN LVL) & (M 2D P I —DIFF "MUL

UPG —DUR MAP —PEN LVL). 288
— There is only one game in each category: Darksiders III as well as Salt and
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Sanctuary. This means that the percentage of positive reviews between these two
games are insignificantly different (p = 0.94784).

The differences between the positive reviews of all other “Souls-like” games were strongly
significant. The six combinations of factors that are most likely to receive more positive or less
positive reviews are seen in Table 6:

According to Table 6, the best percentage of positive reviews is in the case of Hollow
Knight as there is only one game in this combination of factors. The percentage of positive
reviews 1s 96.92% at this level. The second is Sekiro: Shadows Die Twice with 94.78%, as
there is only one game in this combination of factors. The third combination of factors consists
of Dark Souls, Dark Souls — Remastered, and Dark Souls III. Their percentage of positive
reviews 1s 92.60%. The lowest percentage of positive reviews (60.72%) is Lords of the Fallen
as there is only one game in this combination of factors. With 70.67% positive reviews, only
Ashen is in the category. In the remaining category, there is only The Surge with 74.56%
positive reviews.

5.3 Analyzing the textual reviews

As was mentioned earlier, the textual reviews were analyzed as well. Since the previously
mentioned emotion lexicon is multilingual, every textual review was analyzed. This means that
the textual parts of all 993,932 reviews were examined. To do this, first, the textual compo-
nents of all reviews were analyzed. Then, the investigation continued by examining one
variable only. Afterward, all variables were analyzed. The results of the analysis regarding
all reviews can be seen in Fig. 5.

As can be seen in Fig. 5, trust, anticipation, and joy were the three most largely
felt emotions when writing the reviews. Their percentages were 16.68%, 15.32%, and
14.15%, respectively. The percentage of surprise in the reviews was quite small with
7.66%. The feeling of disgust had the lowest percentage with 6.95%. Anger (11.83%),
fear (13.61%), and sadness (13.76%) are quite high as well, but can this phenomenon
be considered normal? The hypothesis is that “yes, because they are skill-based
games”. Therefore, to answer this, these emotions are grouped by each game in
Table 7. In case of standard deviation, the largest one was joy with 2.24%, while
the smallest was surprise with 0.78%.

As shown in Table 7, some games received similar in case of each emotion
(defined as £1% of means): this fact is denoted by *. This means that the previous
hypothesis was accepted. Darksiders III was the one that made most people angry
(14.88%) and was most feared (15.67%). It is not surprising as its prequels were not
“Souls-like”: Darksiders I was a simple “hack’n’slash” game, while Darksiders II was
an open-world roleplaying game. Based on the scraped reviews, Star Wars Jedi:
Fallen Order was the most anticipated game (19.97%), possibly because previous Star
Wars games were multiplayer games. Dark Souls II - Scholar of The First Sin was the
one that people felt most disgusted by (8.75%), as it included extra penalties upon
death and unfair enemy placement. The players of Hollow Knight felt the most joy
(20.09%), possibly due to the rewarding experience, while the most sadness is felt
during Dark Souls II — Scholar of Thé&8Birst Sin (16.56%). Contrarily to Hollow
Knight, Dark Souls II — Scholar of The First Sin was not very rewarding. The Surge
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Fig. 5 The percentage of the average valence of basic emotions and their standard deviations

2 players felt the most surprise (9.95%), possibly because of a different narrative,
while Star Wars Jedi: Fallen Order was the most trusted (19.01%).

Hollow Knight was the one that made people the least angry (8.82%), and it also
was the least feared game (10.05%). The reasons were probably the same as above.
Dark Souls IT — Scholar of The First Sin was the least anticipated (13.18%) due to its
base game’s reception. Although, Dark Souls II was more anticipated (14.28%). Star
Wars Jedi: Fallen Order was the game that people felt least disgusted by (4.69%) as
well as made the players the least sad (8.91%). Reviewers of Lords of The Fallen felt
the least joy (11.34%). Darksiders III felt the least surprising (6.57%). Lastly,
Blasphemous felt the least trusted (13.92%).

To analyze whether there are differences between the emotions, first, their data
distributions were investigated, and neither of them had a normal one. Then, using the
Mann-Whitney-Wilcoxon test, the differences between each of them were investigated
in the case of every emotion. Most of them were strongly as well as significantly
different from each other (p < 2 x 10716), therefore it is easier to define those pairs
where only insignificant differences arose (meaning p > 0.05). The results of these
comparisons can be seen in Fig. 7 in the appendix: 62 pairs of games had insignif-
icant differences among emotions. Out of these pairs, Ashen and Darksiders III had
the most similar reviews based on sentiments alone: there were insignificant differ-
ences among 7 emotions. The second pair which received similar reviews was Death’s
Gambit and Hellpoint because there were insignificant differences among 6 emotions.
Four pairs of games had insignificant differences among 5 emotions: Ashen and The
Surge 2; Code Vein as well as Salt and Sanctuary; Dark Souls III and The Surge 2;
and lastly, Hellpoint and The Surge. Six pairs of games had insignificant differences
between 4 emotions: Ashen and Blasp?i%}nous; Ashen and Lords of The Fallen;
Blasphemous and Darksiders III; Blasphemous and The Surge 2; Dark Souls III as
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well as Salt and Sanctuary; and lastly, Death’s Gambit and The Surge. The number of
pairs is the same with 3 emotions. Twelve pairs of games had insignificant differences
between 2 emotions, and lastly, thirty-two pairs of games had insignificant differences
among | emotion. Every other pair was significantly different from each other.

5.3.1 One-by-one analyses

During one-by-one analyses the feelings about each factor were investigated. The results can
be seen in Fig. 6. The columns are grouped by factors, while each shade represents a feeling.
From the darkest to the brightest, they are the following: anger, anticipation, disgust, fear, joy,
sadness, surprise, trust.

Starting with the setting, futuristic games have the largest average sentiments per review,
while those with Japanese setting have the smallest ones. The increases among them are
108.66%, 183.17%, 109.70%, 102.36%, 186.31%, 103.24%, 128.42%, 163.62%. These
increases correspond to anger, anticipation, disgust, fear, joy, sadness, surprise, trust, respec-
tively. The difference among every possible pair is significant (p < 2 x 10716),

2D games received more positive emotions than 3D games: their anticipation, joy, surprise
are better by 6.34%, 30.03%, and 12.47, respectively. They also received more sadness by
0.09%. The 3D games received more negative emotions such as anger, disgust, and fear by

Average sentiments per review

2D
3D

Medieval setting
Japanese setting
Futuristic setting
Realistic graphics
Cel-shaded graphics
Pixel graphics

Drawn graphics
Interconnected levels
Level selection
Difficulty settings

No difficulty settings
Multiplayer features

No multiplayer features
Equipment durability
No equipment durability
In-game map exists

No in-game map

Extra penalties upon death
Classic level up system

293

Upgradeable weaponsfarmor
No upgradeable weaponsfamor
No extra penalties upon death
Not a classic level up system

Fig. 6 The average sentiments per review and factor
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22.24%, 26.73%, and 30.68%, respectively. However, 3D games are more trusted by 3.01%.
In this case, not every difference is significant: between 2D and 3D, trust is the only emotion
that is insignificantly different (p = 0.85). When talking about sadness, even though the
difference is small, it is significant: p = 4.9 x 1077, while p = 5.8 x 107 in case of
anticipation. In case of all other emotions, p <2 x 10716,

Regarding graphical styles, games with pixel graphics received the largest average of
emotions, while drawn and realistic games received the least average. Each difference is
significant, although the value of p is not 2 x 107'® in every case: when talking about
anticipation, p = 0.00038. This means that the difference is only moderately significant. The
remaining pairs are strongly significant. In case of disgust and fear, the significance among cel-
shaded and realistic graphics are p = 1.4 x 107'*, and p = 1.7 x 10~ '*, respectively. When
talking about surprise and trust, the differences between drawn and realistic graphical styles are
also strongly significant (p = 6.9 x 1077, and p = 1.6 x 10!, respectively).

While level selection type of games received more anger and fear by 22.99% and 15.89,
respectively, it received more positive emotions: these games are more anticipated (58.63%), and
people felt more joy (53.32%), more surprise (22.10%), and more trust (47.51%). Games with
interconnected levels received more disgust (1.32%) and sadness (11.05%) in their reviews.
Each difference is significant in the case of every emotion pair: p < 2 x 10716, except when
talking about disgust. In that case, p = 1.5 x 107, although it is still strongly significant.

When there are difficulty settings in the games, more average sentiments can be found in
the reviews. The increases in average emotions are the following from anger to trust (darkest to
brightest): 62.68%, 97.76%, 31.74%, 55.14%, 90.76%, 15.64%, 55.44%, and 79.78%. Every
difference among pairs is strongly significant (p < 2 x 1071).

It can be seen that the existence of multiplayer features made people feel more disgust
(16.74%), more fear (4.46%), and more sadness (9.48%). However, when multiplayer features
are not present, people felt angrier (3.32%), had more anticipation (18.97%), joy (29.67%),
surprise (14.01%), and trust (8.30%). Every difference among pairs is strongly significant
(p <2 x 10716), except in case of anger where it is moderately significant (p = 0.0045).

When weapons or armor can be upgraded, the emotions of disgust, fear, sadness,
surprise are increased by 22.88%, 6.13%, 36.20%, and 3.27%, respectively. When
they could not be upgraded, the reviews contained more anger (0.69%), anticipation
(10.22%), joy (9.12%) and trust (0.65%). Every difference among pairs is significant,
except in case of anger where it is not (p = 0.24). The difference between the
remaining pairs are strongly significant: p = 5.6 x 10”7 when talking about surprise,
and p < 2 x 10716 in the case of the remaining pairs.

In case of games with equipment durability, players felt more disgust (5.32%) and sadness
(4.54%) on average in the reviews. The games without a durability feature received more anger
(15.93%), anticipation (30.56%), fear (8.93%), joy (41.16%), surprise (26.67%), and trust
(22.18%) on average in the reviews. Every difference among pairs is strongly significant
(p <2 x 10716), except in the case of fear where it is only slightly significant (p = 0.029).

In those games where an in-game map is provided, the reviews contain more average of
every emotion except disgust. Anger, anticipation, fear, joy, sadness, surprise, and trust are
increased by 9.21%, 52.81%, 3.70%, 73.49%, 1.98%, 35.39%, and 36.63%, respectively.
When an in-game map is not provided, the (Elki\ng of disgust is increased by 5.81%. Every
difference among pairs is significant, except in the case of sadness where it is not (p = 0.21).
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The difference between the remaining pairs are significant: p = 0.0014 when talking about
disgust, and p < 2 x 10716 in case of the remaining pairs.

When there are extra penalties upon the player character’s death, more disgust (0.07%), joy
(12.85%), sadness (12.68%), and surprise (4.93%) are felt. When there are no extra penalties,
more anger (7.21%), anticipation (0.82%), fear (11.67%), and trust (2.36%) are felt. Regarding
this factor, the significance levels of differences among pairs of emotions vary: anger (p = 1
.6 x 1071%), anticipation (p = 1.3 x 107%), disgust (p = 0.095), fear (p < 2 x 10716), joy
(p <2 x 10719), sadness (p < 2 x 10719), surprise (p < 2 x 10716), and trust (p = 0.018).
As can be seen, the difference among the pair of disgust emotions is not significant.

If it is possible to level-up near a bonfire (or at a character near it), more anger (13.63%),
disgust (19.97%), fear (16.26%), and sadness (2.71%) are felt. If the level-up system is
different, then more anticipation (11.43%), joy (32.83%), surprise (15.81%), and trust
(1.16%) can be found in the reviews. Every difference among pairs is significant (p < 2 x 10719),

5.3.2 Investigation using all factors

After the factors were investigated one by one, all factors were analyzed by emotions.
Similarly, to before, 16 groups of factors were made. Each possible pair was analyzed in case
of every emotion. Most pairs had strong significant differences. In the appendix, Fig. 8 shows
those pairs which do not have significant differences. According to the comparison in Fig. 8,
the reviews were most similar among two groups: (1) games, with a futuristic setting, 3D and
realistic graphics, interconnected levels, difficulty settings, no multiplayer features, upgrade-
able weapons/armor, no equipment durability system, no in-game map, no extra penalties upon
character death and a classical bonfire system; (2) games, with a medieval setting, 3D and cel-
shaded graphics, interconnected levels, no difficulty settings, multiplayer features, upgradeable
weapons/armor, no equipment durability system, no in-game map, no extra penalties upon
character death and not a classical bonfire system. These two groups contain only one game
each: Darksiders III and Ashen, respectively.

When talking about all factors, no pair contains 6 insignificant differences, however three
pairs of factors contain 5 of them. However, these factors still contain one game each. Therefore,
the games were the following: Code Vein as well as Salt and Sanctuary; Death’s Gambit and
The Surge; and lastly, Ashen and The Surge 2. The latter pair is different from before: when
comparing the games only, Dark Souls III and The Surge 2 had insignificant differences.

Three pairs of factors contain 4 insignificant differences between emotions: Ashen and
Blasphemous, Ashen and Lords of The Fallen; and lastly, Blasphemous and Darksiders III.
Three pairs of factors contain 3 insignificant differences, four pairs contain 2, and lastly,
eighteen pairs contain only 1.

6 Discussion

To answer RQ1, all possible pairs of games (210) were created and comparisons were done
between the percentage of their positive reviews. As shown in the beginning of subsection 5.2,
there are significant differences between 199 pairs of games. The differences are insignificant
in the case of 11 pairs. Out of these 11 pairs, £Pairs contain games from the original creators of
the “Souls franchise” (which is From Software).
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Regarding RQ2, the three strongest correlations are in the cases of The Surge (approx.
0.3910), Lords of The Fallen (approx. 3860) and The Surge 2 (approx. 3500). This means that
the users who have more playtime in these three games, are more likely to leave a positive
review (in other words: leave a “thumbs up”). It should also be noted that these three are of the
same developer studio, therefore their games may follow a gameplay pattern about which the
players feel the same, or they already have a dedicated fanbase. The three weakest correlations
are in the case of Code Vein (approx. 0.1290), Hollow Knight (approx. 0.1400), and Dark
Souls IIT (approx. 0.1530). However, according to the percentage of positive reviews in
Table 5, these games are well-received. Also, the users’ playtime in the case of every
investigated game significantly and positively correlates to a positive review.

When talking about RQ3, it can be seen from the one-by-one analyses that the factors
significantly influence the percentage of positive reviews. It should be noted that when
comparing different graphical styles, games with cel-shaded or pixel graphics received the
least percentage of positive reviews. Also, these percentages are not significantly different
from each other. When comparing all factors to each other, the percentage of positive reviews
was insignificantly different among three pairs.

Lastly, RQ4 needs to be answered: eight emotions were investigated in the textual parts of
the reviews: first, the games themselves were analyzed, then the factors were examined one-
by-one, and lastly, all factors were investigated. When comparing emotions about these games,
the reviews of Ashen and Darksiders III received similar sentiments. This is because 7 emotion
pairs had insignificant differences between them. Games were considered similar to each other
if at least 4 emotion pairs had insignificant differences among them. This means: Ashen and
Darksiders III (7); Death’s Gambit and Hellpoint (6); Ashen and The Surge 2 (5); Code Vein
as well as Salt and Sanctuary (5); Dark Souls III and The Surge 2 (5); Hellpoint and The Surge
(5); Ashen and Blasphemous (4); Ashen and Lords of The Fallen (4); Blasphemous and
Darksiders III (4); Blasphemous and The Surge 2 (4); Dark Souls III as well as Salt and
Sanctuary (4); and lastly, Death’s Gambit and The Surge (4). Therefore, these 12 pairs of
games were considered similar based on emotions alone.

From the one-by-one analyses, it can be concluded that almost all emotions can be
significantly influenced by these various factors. However, there are exceptions: there is no
significant difference between trust when talking about graphical dimensions (2D or 3D), there
is no significant difference between anger when talking about upgradeable weapons/armor,
there is also no significant difference between sadness when talking about in-game maps, and
lastly, there is no significant difference in disgust when talking about extra penalties upon
character death. After analyzing all factors, it also became apparent that 928 pairs had
significant differences between them, however 31 pairs did not.

6.1 The importance of the results

Designing a video game with a good rating can be difficult as many factors which include
game design elements and mechanics should be considered. “Souls-like” games have several
of these two which are present in all of them. Such design elements and mechanics are the
“bonfire checkpoint system”, environmental/contextual storytelling as well as the unforgiving
difficulty. As the “Souls franchise” inadvertently created this genre, new developers try to
make their “Souls-like” games and they try t@9fit new elements into them. These can be new
level-up systems, in-game maps, new story settings, et cetera.
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By looking at only the average recommendations of the various “Souls-like” games, it can
be safely stated that significant differences exist between them. This means that while the
games have the same core mechanics, they are distinct enough from each other by having
different stories, settings or various gameplay mechanics such as difficulty levels, in-game
maps, multiplayer features, et cetera. Therefore, users can give different reviews based on their
experiences that they gathered during their playthrough.

Every factor has a significant influence on the percentage of positive reviews. According to
the results presented in this article, users liked the following group the most: game, with a
medieval setting, 2D graphics, a drawn graphical style, an interconnected world, no difficulty
settings, no multiplayer features, weapon upgrades, no equipment durability, a map, additional
penalties upon character death and a not classic level-up system.

The implications of these results are of great importance as “Souls-like” games are still
made to this day and their developers usually create extra elements to differentiate them from
other titles. The results that are shown in this article prove which of the mentioned factors are
more liked, therefore carefully implementing them can make the game more positively
reviewed by the players. The developers of future “Souls-like” games can use the results
presented in this article when creating their next game by implementing the mentioned various
design elements and gameplay mechanics.

As mentioned, “Souls-like” games are still developed to this day: Mortal Shell (developed
by Cold Symmetry) is one of the newest “Souls-like” games that was made in the last year and
possibly more games in this genre are still (and will be) in development. It should be
mentioned that this game also contains new elements: the player character can possess
enemies, meaning that their bodies can be used in combat. However, the game was not yet
available on Steam to include it in the investigation.

6.2 Limitations of the study

Due to the nature of this study, the goal was to understand why positive reviews are given to
the games and how players feel about them. Therefore, multiple parts of the reviews were
analyzed: whether a positive review was given, timestamps at review, and their textual parts.
Since this study is already extensive, the following were not investigated:

It was not analyzed whether positive reviews and playtimes are in a causal relationship.
Naturally, a possibility exists that players might play the game longer if it has more positive
reviews or longer playtime causes more positive reviews. Although, according to the results, a
positive correlation exists between playtimes and positive reviews. This fact increases the
possibility of a causal relationship, but this is to be investigated.

It was also not investigated whether the results are influenced by the games’ popularity.
Normally, people leave more reviews if a game is more popular. It should be investigated in
the future whether this fact influences the results presented in this study, or not.

A possibility also exists that playtime should be considered when assessing reviews as
people may leave a negative review after 10-30 min because the game is not working properly
for example. While it was not considered, the following should be mentioned: out of 993,932
reviews, 14,290 were under 30 min. Out of them, 7662 were positive and 6628 were negative.
Judging by the textual parts, people who tend to leave positive reviews after such a short time
are those who either bought it on multiple plaférms or played them elsewhere before buying
them to support the developers. Since these negative and positive numbers are similar, it can be
stated that these reviews with small playtimes almost cancel each other out.
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Table 8 Factors with the best percentages of positive reviews in each investigated category

Factors Percentage
No difficulty settings 91.43%
Interconnected levels 91.44%
Equipment durability exist 91.52%
Medieval setting 91.82%
No multiplayer features 92.20%
In-game map exists 92.56%
Additional penalties upon death 92.77%
No upgradeable weapons/armor 92.95%
Not a classic level-up system 94.04%
2D graphics 95.61%
Drawn graphical style 96.48%

7 Conclusions

The correlation between positive reviews, game design elements, and mechanics was inves-
tigated in “Souls-like” games by scraping the Steam webpage. For this, all (993,932) reviews
were scraped during the middle of April 2021. The playtimes at review, the textual compo-
nents were assessed as well. The percentages of positive reviews were also analyzed, and they
were compared to other games in this genre.

It is shown by the results that there are significant differences between the percentages of
positive reviews regarding each game. Slight-to-moderate correlation also exists between
positive reviews and playtimes. 11 various categories were set up to analyze different design
elements and game mechanics in “Souls-like” games. After comparing the percentage of positive
reviews regarding each factor, it can be concluded that significant differences exist between all of
them, although some games are reviewed similarly by players. For example, Ashen and
Darksiders III evoked similar valence of 7 emotions in two cases. The first case was when the
games themselves were analyzed, and the second was when the factors were investigated. Also,
12 pairs of games were deemed similar to each other based on sentiment analysis.

According to the results, players are more likely to leave a positive review on those games
which have one of the following factors: medieval setting, 2D graphical dimensions, drawn
graphical style, interconnected world, no difficulty settings, no multiplayer features, no
weapon/armor upgrades, having equipment durability features, an in-game map, extra penal-
ties upon death and not a classic level-up system. This is summarized in Table 8.

However, when all factors are considered, those games receive the best percentages of
positive reviews which have a medieval setting, 2D graphics, a drawn graphical style, an
interconnected world, no difficulty settings, no multiplayer features, have weapon upgrades,
no weapon durability, have a map, have additional penalties upon character death and do not
have a classic level-up system. As can be seen, the factors of weapon/armor upgradeability and
equipment durability are different from Table 8 when all factors are considered.

Naturally, designing and developing a game is not easy, but the results that are presented in
the article can influence the creation of future “Souls-like” games by helping their developers
to choose design elements and game mechanics. According to the results, each factor has its
pros and cons. They can also evoke various emotions in the players.

In the end, these games are not small in @$bers and usually are well-received, therefore
more of them may see the light of day in the future.
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The concept of liminal spaces has gained increasing attention in recent years, both in digital culture and aca-
demic discourse. Video games have also embraced this concept, with some developers creating immersive digital
environments that evoke feelings of liminality. This study explores player experiences and emotions associated
with “games of liminality” as it focuses on video games that place players in transitional, ambiguous spaces.
Using text mining and sentiment analysis techniques, 66,858 reviews from the Steam platform were analyzed to
identify emotional responses and recurring themes. The study identified anticipation, trust, and joy as the most
frequently evoked emotions, while fear and surprise were also common, mainly in games incorporating horror
elements. The analysis revealed significant differences between positive and negative reviews, with negative
reviews tending to be more detailed and critical. Additionally, the Backrooms phenomenon was shown to in-
fluence player perceptions and contribute to the growing cultural fascination with liminal spaces. The results
provide a deeper understanding of how players engage emotionally with liminal space games that can be used by
developers to enhance game design to optimize immersive experiences and support further research into the
psychological impact of digital environments on players.

1. Introduction

Liminal spaces have become a popular topic in recent years since
they gained attention in various forms of media and cultural discussions.
According to Google Trends, interest in this phrase surged starting in
early 2020, with a notable spike in 2022 [1]. This rise in interest reflects
the broader cultural fascination with the ambiguity and disorientation
associated with these spaces.

Van Gennep introduced the concept of liminality, originally in 1960
[2]. Victor Turner expanded on this work in 1969, emphasizing the
transformative potential of liminal phases in rites of passage and cultural
rituals [3]. In this study, liminality is formally defined as a condition or
space characterized by transitionality, ambiguity, and potential trans-
formation. Drawing on van Gennep’s anthropological framework and
Turner’s elaboration, liminal spaces are interpreted in this study as those
that exist “betwixt and between” normative structures. They may be
spatial, temporal, social, or experiential. This definition situates liminal
spaces not only as symbolic or aesthetic environments but also as
structurally and psychologically distinct experiences, mainly within
interactive digital environments. These spaces can manifest physically
(e.g., abandoned locations) or metaphorically (e.g., transitional narra-
tive states). They challenge player perception and invite exploration. For
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example, a train station can be understood as a liminal space because
travelers are neither at their point of departure nor their destination,
suspended in transit. Similarly, abandoned buildings may evoke feelings
of isolation and mystery as they occupy the boundary between utility
and disuse. A simplified illustration of liminal spaces is shown in Fig. 1.

Researchers have expanded the original concept of liminality to
encompass a broader range of phenomena, which include artistic
expression, digital culture, and even folklore [4,5]. Moreover, it is
essential to acknowledge the growing interest in understanding the
significance of liminal spaces across different media and experiences.
While video games themselves can be considered liminal spaces [6],
developers have intentionally started creating video games that focus on
endless liminal spaces in the past few years.

In digital games, liminality takes on new dimensions through
immersive environments that interrupt spatial, narrative, and percep-
tual continuity. These spaces challenge player cognition and foster af-
fective engagement by resisting linear progression, collapsing
boundaries between player and avatar, and emphasizing symbolic or
architectural ambiguity. In such games, liminal environments serve not
just as backdrops but as core experiential mechanisms. Players are often
placed into endless hallways of abandoned buildings, museums, hospi-
tals, and spas while searching for an elusive exit. These places are
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Liminal

State A State B

Fig. 1. Conceptual representation of liminal spaces as transitional environ-
ments that evoke ambiguity and disorientation which are core to the design of
the games analyzed in this study.

typically built in impossible ways, heightening spatial disorientation.
Puzzles and perceptual challenges are common since some games
incorporate horror elements to increase tension and immersion. To
amplify the sense of presence, these games usually feature a first-person
perspective.

In terms of genre differentiation, liminal space games diverge from
traditional horror games in several key ways. While both may evoke fear
and uncertainty, horror games typically rely on explicit threats, scripted
jump scares, or narrative-driven antagonists. In contrast, liminal games
cultivate unease through spatial ambiguity, minimalism, and a perva-
sive lack of resolution. They often use backtracking, repetition, or
looping architecture rather than linear progression. Unlike walking
simulators or exploration games (e.g., Dear Esther or Firewatch), which
aim for narrative immersion or scenic wonder, liminal games create
emotional disruption through environments that are visually mundane
yet psychologically dissonant. The Backrooms phenomenon exemplifies
this divergence. Although it shares certain atmospheric elements with
horror (e.g., tension, isolation), its emotional effect comes not from
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danger but from ontological confusion. The setting, which is an infinite
grid of carpeted hallways and humming fluorescent lights, suggests a
banal afterlife, a glitch in reality, or an architectural purgatory. This
produces a cognitive and existential liminality that differs from the
visceral fear typical of horror games.

Player responses to Backrooms-style games often emphasize feelings
of nostalgia, dread, fascination, and detachment, which together
distinguish the subgenre as an affective hybrid, not reducible to con-
ventional horror. By distinguishing these factors and quantifying the
emotional discourse surrounding them, this study contributes to a
deeper understanding of how liminal game design functions psycho-
logically and structurally within interactive media.

As shown in Fig. 2, these video games have a unique atmosphere. The
players have to walk around these endless hallways. Their goal is to
reach their destination (state B) from their starting point (state A).
However, in these games, they do not know state A, and it seems
impossible to reach state B. Players appear to be trapped in the liminal
space between the two states: after they enter a door, another hallway
appears in front of them. This process repeats many times. By navigating
these liminal spaces, players are gathering information about the layout,
trying to understand how to exit these spaces. This triggers a cognitive
process [7], which in turn, starts to evoke emotions [8]. These emotions
are evoked by playing, and consequently, they shape player experience
[91.

Despite the increasing cultural and aesthetic visibility of liminal
spaces in digital media, a clear understanding of how these environ-
ments affect player psychology and emotional engagement remains
underdeveloped in academic literature. While prior studies have inves-
tigated player experiences across genres such as role-playing games and
horror games [10-12], few have examined games that deliberately
leverage the spatial and narrative qualities of liminality. This presents a
crucial research problem and highlights a key gap in the literature: how
do intentionally liminal game environments (characterized by spatial
ambiguity, transitionality, and disorientation) shape the affective and
cognitive experiences of players in a large-scale, empirical context?

This question is significant for two main reasons. First, it addresses
the need for conceptual clarity and empirical grounding in applying
anthropological theory (e.g., Turner’s liminality) to interactive digital
contexts. Second, it responds to a practical interest in how emerging

©

(d)

Fig. 2. Screenshots from four representative liminal space games included ir3fjelanalysis: (a) Escape the Backrooms, (b) Anemoiapolis: Chapter 1, (c) Interior
Worlds, and (d) The Stanley Parable: Ultra Deluxe. These examples illustrate common design motifs such as looping architecture, uncanny environments, and lack of

directional progression which are core concepts of digital liminality.
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design trends influence player immersion and satisfaction.

Despite the increasing popularity of liminal spaces in digital games,
existing academic research remains limited. Most prior studies focus on
single titles (e.g., Oxenfree, Death Stranding) or offer purely theoretical
insights without empirical analysis. As such, we lack a large-scale, data-
driven understanding of how these environments impact player emo-
tions and cognitive experiences. This study addresses this gap by:

e Analyzing 66,858 Steam player reviews across 19 liminal games.

e Using topic modeling and sentiment analysis to identify affective
patterns.

e Empirically linking player discourse with theoretical constructs of
liminality and immersion.

In doing so, we provide the first large-scale investigation of
emotional engagement in liminal video game spaces using user-
generated content. To address this research problem, the study’s in-
quiry is framed around how players emotionally engage with video
games designed to evoke liminal experiences. The following research
questions (RQs) are designed to explore the emotional, thematic,
structural, and cultural dimensions of player experiences in these tran-
sitional digital spaces:

® RQ1: How do video games centered around liminal spaces evoke
specific emotional responses in players, and how are these emotions
reflected in user-generated reviews?

@ RQ2: What recurring experiential themes do players describe when
discussing gameplay, atmosphere, and immersion in liminal space
video games?

@ RQ3: In what ways do positive and negative player reviews differ in
sentiment, language use, and structure when describing experiences
of liminal environments?

@® RQ4: How does the Backrooms phenomenon influence the cultural
perception and narrative framing of liminal spaces in video games?

Although a few studies have touched on the concept of liminality in
game environments, a systematic and large-scale empirical analysis of
how such spaces affect player emotions remains absent. Section 2 pre-
sents a more detailed review of the existing research on liminality in
video games and highlights this gap. Afterward, the materials and
methods regarding this study are detailed in Section 3. The results are
shown in Section 4, and they are discussed in Section 5. In Section 6,
conclusions are drawn.

2. The multiple aspects of liminal spaces in video games

While the concept of liminality was originally developed in anthro-
pological contexts, it has since been adopted across disciplines,
including media studies, psychology, and game design. In game studies,
liminality typically refers to transitional or in-between states marked by
spatial, temporal, or narrative ambiguity. Digital games increasingly
incorporate such thresholds to explore identity, memory, and affect
through disorientation and instability. This section reviews how limi-
nality has been theorized in relation to video games, grouping key
contributions by thematic focus: identity and subjectivity, space and
narrative, and emerging digital phenomena such as the Backrooms.

To do this, a literature review was conducted using databases such as
Scopus, Web of Science, and Google Scholar. Search terms included
“liminal space,” “liminality,” “Backrooms,” and “video games.” Some
notable studies are from the following authors: Kravchenko et al.
introduced typologies such as “mytho-liminal” and “mystical-liminal”
games to explore identity transformations in players [13]; and Harkin,
who analyzes “Oxenfree” as a metaphorical liminal space reflecting
adolescence [14]. Similarly, Horrigan distinguishes between liminal and
liminoid experiences in single-player games through a theoretical lens
[15], while Ramsay discusses liminality in terms of visual and narrative
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design [16]. However, these studies about liminality in video games are
often either qualitative or limited to specific titles.

Imai and Woite state in their study that video game arcades can be
considered a liminal space due to the fact that they can bring together
people from various social backgrounds [17]. In their study, they argued
that these liminal spaces should be reintegrated into Tokyo so they can
contribute to various social interactions. From a video game study
standpoint, a short paper by Dima and Saridaki focused on asking
questions about how liminal spaces should be designed to facilitate
growth [18]. However, liminal spaces can have positive effects in the
case of role-playing games too, as they can promote interpersonal
growth [19].

According to Proctor, even when starting a video game, the player
enters a liminal space [6]. In the study, while examining the role-playing
video game Oblivion, the author argues that the avatar is both the player
and not the player at the same time. This is because the line between self-
representation and the avatar of the player is blurred. Belk also argues
similarly: according to the previously referenced study, the whole digital
frontier can be considered a liminal space [20]. The Metaverse was used
as an example.

From a storytelling standpoint, Fenton states that the 2019 video
game titled Death Stranding has a liminal space [4]. According to the
study, after characters die in the mentioned video game, they go to the
“Beach,” where they become stranded. The goal of the game is to find a
method that allows the dead to reach the afterlife. As suspected, this
Beach is a liminal space — or a transition — between life and the afterlife.
This is especially true for the player character, who has the power to
come back to life after dying. Another example of liminal spaces in
storytelling is in the case of the Warhammer universe, which exists in
multiple media, including video games. There is a liminal space in this
universe which is called the “Warp” [21]. This place transforms those
who enter it into twisted demonic beings. Therefore, it serves as a
transition between two different states. Another transition can also be
found in the Dark Souls games [22]. The state of the games’ world is
after a cataclysm, and it is up to the player to save it or end it by putting
an end to its state of liminality.

Narratively, the game called Red Dead Redemption was analyzed by
Schoppmeier [23]. The investigation revealed a narrative liminality
between the database, narrative, and play within the game. Unlike
traditional Westerns characterized by narrative certainty and resolution,
Red Dead Redemption’s reliance on database structure and players re-
sults in uncertainty and ambiguity. It isolates and decontextualizes
Western tropes by rendering them equal and potentially discardable
within the simulated American West.

If video games of liminality are studied, one should also mention the
so-called “Backrooms” which can be considered a subset of these types of
games. According to Google Trends, the Backrooms gained popularity in
the first half of 2022, which is around the same time as liminal spaces
[24]. The concept of Backrooms is an internet phenomenon originating
from the website called 4chan [25]. Since then, more people on the
internet have added lore to the Backrooms. These Backrooms consist of
endless hallways [26]. These hallways look familiar due to the aesthetics
of the 1990 s and early 2000 s, while they also invoke a feeling of dread
and fear [27]. Due to its popularity, more and more video games are
created nowadays that focus on the Backrooms. The study of Green-
shields investigates the philosophical implications of liminal spaces
while focusing on the concept of the Backrooms as an embodiment of a
contemporary dystopia [28]. According to the study, the Backrooms
reflect a broader societal awareness of the instability and inconsistency
of reality while leading to a conceptual shift in how we perceive and
engage with the world. Rather than escapism, they represent a search for
new ways to navigate realities that appear increasingly unstable and
difficult to grasp. The study concludes by suggesting that the Backrooms
reflect not just a failure to understand reality, but a fundamental
unraveling of reality itself.

In addition to the conceptual and spatial dimensions of liminality, it
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is necessary to understand how liminal environments elicit emotional
and psychological responses. This requires engagement with established
emotion theories in psychology and media studies. Russell’s Circumplex
Model of Affect offers a useful framework for interpreting emotional
patterns along two core dimensions: valence (positive-negative) and
arousal (low-high) [29]. The model has been used in prior game
research to map player affect concerning game events, mechanics, and
environments. In this study, the prevalence of emotions such as “trust”
(high valence, low arousal), “anticipation” (high arousal, moderate
valence), and “fear” (high arousal, negative valence) reflects distinct
affective responses evoked by spatial and narrative ambiguity in liminal
spaces. Additionally, Zillmann’s Affective Disposition Theory provides a
lens through which to understand how players form emotional attach-
ments to ambiguous, slow-paced, or unresolved game environments
[30]. Rather than attaching to clear protagonists or goals, players of
liminal space games often invest emotionally in atmosphere, memory, or
existential tone. These are experiences that align with the morally and
cognitively ambiguous dispositions described in the theory.

While existing work emphasizes the symbolic or aesthetic di-
mensions of liminal spaces in games, their experiential role within
immersive digital environments requires further articulation. Immer-
sion, as conceptualized by Jennett et al. [31], McMahan [32], and Cairns
et al. [33], involves cognitive absorption, temporal and perceptual
dislocation, and reduced self-awareness. Liminal games contribute to
these qualities not through action or challenge, but through spatial
ambiguity, disorienting architecture, and the absence of explicit goals.
Such conditions foster immersion by destabilizing player expectations
and inducing what Turner described as communitas or ego dissolution: a
psychological reframing of presence in digital space. From a design
perspective, these environments function as “experience scaffolds,”
channeling emotional resonance through cognitive estrangement. This
aligns with the results of Cairns et al., which show that atmosphere and
ambiguity can drive immersion as effectively as narrative or gameplay
mechanics. Integrating these theoretical perspectives with the study’s
results positions liminal space games as a compelling genre for investi-
gating affective engagement beyond conventional gameplay systems.

As can be seen, research on the application of liminality to video
games remains relatively limited. Studies such as those by Proctor [6]
and Belk [16] have introduced the idea of digital liminality, but few
have specifically examined how games centered around liminal spaces
affect player experiences and emotions. Additionally, while works like
Greenshields [28] examine the philosophical implications of liminal
spaces in digital media, empirical studies that analyze player reviews to
uncover emotional responses are scarce. Despite these prior contribu-
tions, the existing literature lacks large-scale empirical research that
systematically investigates how liminal spaces in games affect players’
emotions and experiential framing. Most studies focus either on specific
narrative examples [14,16,23] or philosophical interpretations [20,28]
without grounding their claims in user experience data. There is also
limited integration of liminality theory with quantitative sentiment
analysis or immersion-focused frameworks. This study addresses these
gaps by examining 66,858 user reviews across 19 liminal space games,
applying text mining techniques to uncover affective trends, thematic
structures, and the broader cultural perception of digital liminality. By
doing so, it contributes empirical validation to an under-theorized area
of game studies and offers new insights into player experience design.

3. Materials and methods

The present study followed a five-stage research protocol aimed at
uncovering player experiences and emotional responses to video games
centered around liminal spaces. The entire process was conducted using
the R programming environment and used various text mining and

sentiment analysis techniques. The five main phases of the study are3()6

shown in Fig. 3.
As shown in Fig. 3, the five steps were as follows:
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Game selection
Identifying 19 video games with liminal space themes
through exploratory searches and community
discussions.

punctuation and stopwords. Calculating word counts
per review.

Topic modeling & correlation
Applying Latent Dirichlet Allocation (LDA) to
identify key topics. Constructing word co-occurrence
networks.

Data collection
Scraping 66,858 English-language user
reviews from the Steam platform using R and the
Steam APIL.
Preprocessing & word count
Cleaning and tokenizing text data. Removing

Extracting sentiments and emotions. Performing

Sentiment & emotion analysis
Using NRC Emotion Lexicon via R’s syuzhet package
statistical analyses.

Fig. 3. The five-step research protocol used in this study: (1) game selection,
(2) review data collection from Steam, (3) word count analysis, (4) topic
modeling and word correlations, and (5) sentiment and emotion analysis. This
flowchart outlines the methodological flow from data acquisition to analyt-
ical output.

e Step 1: Game selection. A purposive sampling strategy was applied to
identify 19 video games that explicitly represent or evoke liminal
spaces (e.g., Backrooms-like architecture, surreal transitions, or
ambiguous spatial narratives). These games were selected empiri-
cally through exploratory searches and community discussions since
there were no formal tags for liminality on the Steam platform.
Step 2: Data collection via Steam API. Using R and the Steam API, a
total of 66,858 user reviews were scraped. The rvest and httr packages
were used for this step. Only English-language reviews were included
to ensure consistency in the sentiment analysis.

e Step 3: Preprocessing and word count analysis. The reviews were
preprocessed (punctuation and stopword removal, tokenization),
and basic metrics such as word count per review were calculated
using regular expressions via the stringr package. Distributions were
visualized using ggplot2 and lvplot.

e Step 4: Topic modeling and word correlations. Latent Dirichlet
Allocation (LDA) was used to identify key topics discussed in the
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reviews. The optimal number of topics (16) was determined using
four different metrics. Word co-occurrence networks were then
constructed using correlation matrices and visualized via igraph and
ggraph.

Step 5: Sentiment and emotion analysis. The NRC Emotion Lexicon
was used via the syuzhet package to extract eight emotions and two
sentiment polarities from each review. Statistical tests (ANOVA,
Wilcoxon rank-sum, regression analysis) were applied to examine
differences between emotional distributions in positive and negative
reviews.

As the whole process can be grouped into five parts, the following
five subsections detail each process. Subsection 3.1 presents the
importance of textual feedback and the scraping of the Steam platform.
Subsection 3.2 details the analyses of the number of words. Subsection
3.3 shows the investigation regarding topics in the reviews. Examination
of word correlations is presented in Subsection 3.4. Lastly, the method
used for sentiment analysis is detailed in Subsection 3.5.

3.1. Importance of textual feedback and Steam scraping

When assessing user experience, the importance of textual feedback
is crucial. In the context of video games, product reviews can be written
as textual reviews [34,35]. Based on the reviews, it is possible to
ascertain how playable various video games are and what players
experienced [36,37]. video game reviews often contain positive or
negative emotions based on the experience received during playing the
games [38]. In addition to informing user experience, this feedback
helps developers in improving their games [39] as well as researchers in
their studies [40,41]. Therefore, it is possible to analyze textual reviews
to understand what emotions were evoked in the players by liminal
space video games as well.

For this goal, textual reviews had to be gathered. This was done by
scraping the Steam platform. As shown by Lin et al., Steam was one of
the leading digital game distribution platforms in 2017 [12]. According
to Dean, it contained at least 50,000 video games as of March 2021 [42].
An essential aspect of Steam is that it allows players to submit reviews
about video games. Moreover, these reviews are freely accessible to
anyone browsing the platform. Hence, Steam was selected as the main
platform for this study.

Textual reviews were scraped from the Steam platform in early-April
2024. While there are tags on the Steam platform to easily see genres of
video games, there were no tags regarding games about liminal spaces.
Therefore, a purposive sampling strategy was used to select 19 video
games that reflect liminal space themes. Selection was based on
exploratory searches using keywords such as “liminal,” “Backrooms,”
“surreal,” and “dreamcore,” as well as player-generated lists and forum
recommendations. Gameplay videos, community-curated lists, and
thematic tags were also reviewed to identify titles that prominently
feature architectural ambiguity, narrative disorientation, or surreal
transitions. By using this process, a corpus could be built that was
representative of the emergent liminal space genre while ensuring di-
versity in gameplay style and aesthetic approach. After selecting the
games, all of their reviews were scraped using R with the help of the
Steam API. With the GET function from the Steam API, 66,858 textual
reviews were downloaded from Steam. For this function to work
perfectly, the rvest and the httr packages were used in R during the
process. After the scraping process was finished, the resulting JSON files
were imported into R with the help of the jsonlite package.

3.2. Number of words

After the scraping process, the examination of the English reviews
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words within each review. For visual representation of word frequencies
and distribution, letter-value plots were used with the help of the lvplot
package [43]. This type of plot can provide a better visual representation
of large datasets by creating multiple groups of smaller and smaller
quantiles. The number of words was plotted with the help of the ggplot2
package.

3.3. Topic modeling

Analyzing a large volume of game reviews using manual approaches
can be challenging due to their time-consuming nature. However, topic
modeling offers a valuable solution by automatically uncovering latent
topics within these reviews. By using the LDA method, sentiments,
preferences, and concerns expressed by players can be understood. LDA
is a generative probabilistic model proposed by Blei et al. [44]. Ac-
cording to the aforementioned study, a document comprises a mixture of
potential topics, while topics are distributions of words in a vocabulary.
By extracting these latent topics, significant themes discussed by players
can be unveiled. Hence, in the literature, LDA was used to analyze re-
views. For instance, Wang et al. proposed a framework for detecting
spam in reviews [45], while Yu et al. examined topics in games [46,47].
As another form of application, Yiran & Srivastava clustered topic words
in Amazon reviews [48].

To use this method to evaluate the topics present in the reviews, the
following several R packages were utilized: lda, ldatuning, quanteda,
topicmodels, and tm. The first step involved determining the optimal
number of topics. The following steps were to remove punctuation and
English stopwords from the text, followed by tokenization. The optimal
number of topics was calculated using the combination of four distinct
methods proposed by Arun et al., Cao et al., Deveaud et al., and Griffiths
& Steyvers [49-52]. Asillustrated in Fig. 4, the use of these four methods
indicated that several topic numbers could be used in this model.

To determine the best number of topics, one should look for the spot
where all methods are close to each other. As seen in Fig. 4 and ac-
cording to the calculations, the number of topics in the analysis was
chosen to be 16. Using Gibbs sampling, the LDA model was estimated,
and 0.1 was the alpha value within the estimation function. Visualiza-
tion was performed using the LDAvis package. Similarly, the probabili-
ties of the top 10 words were visualized in each topic with the help of the
tidytext, ggplot2, and dplyr packages.

3.4. Word correlations

For the investigation of word correlations regarding frequent words,
several R packages were used, including tidyverse, tidytext, widyr, igraph,
and ggraph. Following empirical testing, specific parameters were
selected. As a rule, words needed to appear at least once in a minimum of
16 games out of 19. Subsequently, pairwise correlation coefficients were
calculated among all possible combinations of words. For visualization
purposes, a correlation coefficient threshold of at least 0.8 was used,
although only words with a correlation of 1.0 existed above this
threshold. These rules were chosen to ensure that the resulting figures
did not become unreadable due to the excessive complexity and the
large number of words.

3.5. Sentiment analysis

To evaluate the emotions that could be found in the scraped textual
reviews, sentiment lexicons were used. These emotion lexicons could be
easily accessed with the syuzhet package in R. The aforementioned
package even incorporates four sentiment lexicons. The NRC Emotion
Lexicon was selected from among these. It is widely used in the literature
and freely available for research purposes [53-56]. By using the

commenced. First, the word counts of the reviews were calculated using3 ()7 get.nrc_sentiment function in the syuzhet package, eight basic emotions

the str_count function that could be found in the stringr package in R. The
regular expression '[\w’]+’ was used in the function that counted the

(anger, anticipation, fear, disgust, joy, sadness, surprise, and trust), as
well as the two sentiments (positive and negative), were extracted from
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Fig. 4. Visualization of topic coherence metrics used to determine the optimal number of topics for LDA modeling. All four evaluation methods converge around 16
topics. which was selected as the optimal configuration for thematic extraction from the review corpus.

the text. The output generated by this function created a structured data
frame that was suitable for the analyses: each row represented a sen-
tence, while the columns corresponded to specific emotions or senti-
ments. This granularity made NRC particularly suitable for this research,
as the goal was not only to classify overall sentiment but to map a range
of emotional responses to liminal game experiences. Alternative tools
like VADER (Valence Aware Dictionary and sEntiment Reasoner) are
optimized for social media data and primarily detect sentiment polarity
rather than discrete emotions, making them less suitable for our multi-
dimensional affective analysis. Similarly, while Word2Vec offers a
powerful vector-based approach to semantic similarity, it does not
natively provide emotion classification and requires extensive domain-
specific training, which was outside the scope of this study.

During the analysis, when comparing different types of emotions,
one-way ANOVA was used. Fisher’s Least Significant Difference (LSD)
post-hoc test was subsequently applied to identify significant differences
between the resulting groups of emotions. To compare the frequency of
positive and negative sentiments, the Wilcoxon rank sum test with
continuity correction was used. Similarly, regression analysis was used
when investigating the effects of sentiments or emotions.

4. Results

Similarly to Section 3, this one is split into five subsections based on
the analysis methods used. Subsection 4.1 presents the general results of
the scraping process. Subsection 4.2 details the results of the analyses
about the number of words. Subsection 4.3 presents the results of the
topic modeling method. The results of word correlations are shown in
Subsection 4.4. Finally, the results of the sentiment analysis method are
detailed in Subsection 4.5.

Anemoiapolis: Chapter 1 I
Backrooms Rec \
Backrooms Society \
Enter the Backrooms |
Escape the Backrooms
Inside the Backrooms l
Interior Worlds
NaissanceE |
Project Liminal Redux \
Skibidi Backrooms |
Superliminal
The Backrooms 1998: Found Footage Survival Horror Game ‘
The Backrooms: Found Footage
The Beginner's Guide
The Complex: Expedition |
The Exit 8
The Stanley Parable
The Stanley Parable: Ultra Deluxe
Within the Backrooms

Game

4.1. General results of the scraping

As mentioned in earlier sections, overall, 66,858 reviews were
scraped from the Steam platform. 61,186 reviews were labeled as pos-
itive ones on Steam, while the remaining 5,672 were labeled as negative
ones. This means that 91.51 % of the scraped reviews were considered
positive, and 8.49 % were considered negative. The number of scraped
reviews per game is illustrated in Fig. 5.

Next, the review times were assessed since it is possible to ascertain
when the reviews of the games were written. This assessment was done
in the case of both positive and negative reviews. The results of the
examination can be observed in Table 1.

As can be seen from the data presented in Table 1, negative reviews
are written earlier than positive ones. To assess whether this difference
was significant, the Wilcoxon rank sum test was used. According to the
results, a significant difference was found between the groups, W =
235,017,078, p < 0.001.

4.2. Results regarding the number of words
The number of words in the reviews was assessed next. Before

assessing the results with statistical tests, their distributions were
examined. This can be seen in Fig. 6.

Table 1
The descriptive statistics of review times of positive and negative reviews.

Review type Min Max Mdn M SD
Positive 1 61 331 226 415 857.22
Negative 1 40 905 112 227.90 802.77
|
|
|
|
|
0 5000 10000 15000

308

Number of reviews

. Negative review Positive review

Fig. 5. Number of reviews collected per game, grouped by sentiment polarity (positive or negative) as labeled on Steam. The overwhelming majority of reviews
(91.51%) are positive, suggesting a generally favorable reception of liminal space games across titles.
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Fig. 6. Distribution of word counts in positive vs. negative reviews. While some
positive reviews are long, the median and mean word counts are significantly
higher in negative reviews, indicating that dissatisfied players tend to write
more detailed critiques.

As can be seen in Fig. 6, the median number of words in negative
reviews is larger than that of positive ones. However, it can also be
observed that the number of words in positive reviews can be larger than
that of negative reviews. This is in accordance with the descriptive
statistics that are shown in Table 2.

Therefore, it can be stated that while positive reviews can be longer
in some cases, usually negative reviews contain more words. This is
evident by the median, mean, and standard deviation values. Naturally,
the next step was to assess whether the two review types were signifi-
cantly different from each other in the context of words. The results of
the Wilcoxon rank sum test show that they were significantly different
from each other, W = 113,657,277, p < 0.001.

To double-check the results, regression analysis was used. This can
also show the strength of the review type on the number of words. The
results of this analysis are presented in Table 3. In this case, the Intercept
(basis) variable was the negative review type.

The results of the regression analysis also show that the mean
number of words in negative reviews was 82.74, and that of positive
ones was smaller by 41.97. That would also mean 40.77 words. It can
also be seen in Table 3 that the effects of review type on word count are
significant.

Finally, the correlation between the number of words and the play-
time at writing the reviews was examined using Spearman’s rank cor-
relation method. According to the results, while significant, no
correlation could be found between them, r; (66,856) = -0.16, p < 0.001.

4.3. Results regarding topic modeling

Next, the mentioned 16 topics were assessed in the reviews. The
probabilities of the top 10 words in each topic are shown in Fig. 7.
Naturally, the profane terms are censored in this and the following
figures.

Several topics highlight gameplay-focused terms such as “puzzle,”
“fun,” “levels,” “friends,” and “scary” (Topics 3, 7). These suggest that a
significant portion of the reviews focuses on gameplay mechanics and

Table 2
The descriptive statistics of the number of words in positive and negative
reviews.

Review type Min Max Mdn M SD
Positive 0 4,000 13 40.77 107.28
Negative 0 1,600 37 82.74 135.01
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Table 3

The effects of review types on the number of words.
Review type Estimate Standard error t p
Intercept 82.74 1.45 56.70 < 0.001
Positive review —41.97 1.52 —27.52 < 0.001

entertainment value. They also highlight the social and enjoyable as-
pects of gaming. Some topics emphasize the narrative and immersive
elements, such as “narrator,” “bucket,” “escape” (Topic 5), and “expe-
rience,” “atmosphere” (Topic 13). This indicates that players are also
concerned with the immersive quality of the game environment. Topics
9-11 include terms like “manifesto,” “treatise,” “funny,” and “parable,”
which seem to refer to meta-commentary and humorous aspects of
certain games. They may reference “The Stanley Parable,” which is a
game known for its self-aware narrative and humor. This is reinforced by
other topics mentioning “Stanley,” “narrator,” and “parable”. Certain
words appear repeatedly across multiple topics, such as “game,”
“Stanley,” “parable,” and “deluxe,” which suggests that some games or
game types are heavily discussed within the dataset. Such is the case
with “The Stanley Parable” (e.g., Topics 8, 10, 16). Some topics refer to
player reception and game evaluation, with terms like “good,” “price,”
“long,” “bad,” and “bugs” (Topic 1). They reflect frustration or negative
feedback in certain reviews. This shows that technical issues or game-
play limitations are significant topics in the reviews. Also, it indicates
the importance of value-for-money assessments and overall quality
judgments.

Next, the intertopic distance map and the top 30 most salient terms
were assessed. The results of this can be observed in Fig. 8.

The map on the left of Fig. 8 shows the relative distances between the
topics. Topics that are closer to each other (e.g., Topics 1, 2, 3, 5, 6, 7, 9)
share more similar terms and themes. This fact indicates that they
represent closely related subjects or discussions. For instance, these
topics likely focus on general gameplay experiences, which is why they
cluster together. Some topics are more distinct and isolated from the rest
(Topics 4, 8, 10, 14, 15, and 16). These likely represent more specific or
niche aspects of the game reviews. For instance, Topic 4 appears far from
the rest and might focus on a unique theme within the dataset, such as
humor or specific game narratives. Topic 16 is even more isolated,
which suggests it covers a very different subject compared to other
topics.

On the right side of Fig. 8, the most salient terms across the entire
corpus are listed. Terms like “end,” “never,” “bucket,” “game,” “Stan-
ley,” and “parable” are among the most frequent and salient terms in the
reviews. This strengthens the observation from Fig. 6 that “The Stanley
Parable” is a dominant subject within the dataset. Similarly, the terms
“Stanley,” “bucket,” “parable,” and “narrator” appear frequently. “End”
and “never” suggest that themes of game endings, closure, or replay-
ability are significant points of discussion among reviewers.

In the bottom left of Fig. 7, the marginal topic distribution gives an
idea of how much each topic contributes to the overall discussion. The
largest topics (e.g., Topic 4) represent a larger portion of the reviews,
while smaller topics (e.g., 15, 16) are less dominant but still contribute
specific information.

4.4. Results regarding word correlations

As mentioned in Section 3, the word correlations were examined
next. The results of the analysis are shown in Fig. 9.

Close to the center of Fig. 9, a dense cluster of highly correlated
words can be found. These include “scary,” “fantastic,” “graphics,”
“dark,” “experience,” “environment,” “liminal,” and “genuinely.” This
cluster represents reviews describing horror or atmospheric games that
focus on immersive, emotional experiences. The density indicates that
these terms frequently appear together in reviews. These words suggest
that many players discuss the sense of immersion and emotional
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Fig. 7. The top 10 most probable terms in each of the 16 topics identified through LDA modeling. These terms capture recurring themes in the player reviews, such as
horror elements, narrative ambiguity, emotional response, and references to specific titles like The Stanley Parable.
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Fig. 8. On the left, the intertopic distance map shows the relationships among the 16 discovered topics. Topics that cluster closer together are semantically similar.
On the right, the top 30 most salient terms in the dataset are also shown. These highlight concepts such as “end,” “game,” “Stanley,” and “escape.” This figure il-
lustrates the conceptual centrality of recursive design, meta-narratives, and disorientation. How word saliency is calculated via this method is defined by Chuang

et al. [57].

response they felt when playing, mainly in dark or suspenseful envi-
ronments. Similarly, one of the top-right clusters has terms such as
“walls,” “corners,” “scared,” and “controls.” This likely reflects players’
experiences with claustrophobic or enclosed environments, mainly in

survival or horror games. This can lead to feelings of fear or discomfort.3 1

To the bottom left of the previous large cluster, another larger one

can be found. This one contains words such as “tension,” “loved,”
“content,” “future,” and “lost.” A similar one could be found to the right,
but it has more negative words. They likely detail reviews that discuss
puzzle or escape games, while focusing on tension and problem-solving

Omechanics. At the bottom, a cluster mentions terms such as “light,”

“boring,” “guy,” and “potential.” This indicates reviews that critique the
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Fig. 9. Word correlation network displaying frequently co-occurring terms across
horror tension (e.g., “dark,” “scary,” “environment”), spatial features (“walls,
interpretation of emotion and thematic resonance in liminal games.

”

game as boring or underwhelming. Players also mention wasted po-
tential or lackluster experiences. There is another cluster close to this:
the presence of terms like “cheap” and “jump” may refer to disap-
pointment with jump scares or shallow mechanics. In another cluster,
terms like “issues,” “empty,” and “developer” suggest discussions
around technical issues or bugs.

4.5. Results regarding sentiment analysis

Lastly, the sentiments and emotions were assessed in the textual
reviews. The first to examine was the former. The descriptive statistics of
the number of emotions in reviews are presented in Table 4.

Overall, it can be stated that words related to fear had the largest
number in one review. In spite of this, the means of emotions related to
anticipation, trust, and joy were the largest throughout the reviews.
These were the most common emotions across reviews.

Table 4
The descriptive statistics of the number of emotions in reviews, grouped by
emotion.

Emotion Min Max Mdn M SD

Anger 0 28 0 0.37 0.95
Anticipation 0 32 0 0.97 1.64
Disgust 0 26 0 0.27 0.75

Fear 0 44 0 0.41 1.13

Joy 0 26 0 0.95 1.50
Sadness 0 37 0 0.43 1.15 31 1
Surprise 0 17 0 0.49 0.95

Trust 0 31 0 0.96 1.79

corners”), and narrative tone (“lost,

the dataset. Clusters reveal common affective or thematic patterns, including
” “potential,” “experience”). This supports the

To see whether there were significant differences between the
number of emotions in each of the textual reviews, a one-way ANOVA
was conducted. The results of this analysis can be seen in Table 5.

According to the results presented in Table 5, significant differences
exist between the different emotions throughout the reviews. However,
from this analysis alone, it is not known which emotions were signifi-
cantly different from each other. Therefore, a post-hoc test, namely
Fisher’s LSD method was used. The results of this examination can be
observed in Table 6.

When looking at the results in Table 6, the significant difference
between groups can be assessed by looking at their name. Therefore,
since the emotions anticipation, and trust belong in the same group
(group a), they are not significantly different from each other in the case
of reviews about games of liminality. It can also be seen that even
though joy had a very similar mean value, it was placed into group b.
Therefore, this emotion was significantly different from the previous
two. All other emotions can be found in other groups, thus those were
significantly different from each other.

To double-check the results, regression analysis was used. The results
of the analysis can be seen in Table 7. The Intercept variable was the

Table 5
The results of the one-way ANOVA analysis regarding the number of emotions in
each of the textual reviews.

Df Sum of Mean of F P
squares squares
Emotion 7 41,888 5,984 3,636 <
type 0.001
Residuals 534,856 880,293 2 - -
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Table 6 Table 9
The results of Fisher’s LSD method regarding the mean number of emotions in The effects of sentiment types on the number of sentiments in the textual
each of the textual reviews. reviews.
Emotion Mean number of emotions Group Sentiment Estimate Standard error t p
Anticipation 0.97 a Intercept 0.87 0.01 82.45 < 0.001
Trust 0.96 a Positive 1.04 0.01 69.93 < 0.001
Joy 0.95 b
Surprise 0.49 c
Sadness 0.43 d with relevant literature on liminality, emotion theory, and game design.
iear g'g; ? The aim is to contextualize how players experience liminal game envi-
nger . ) .
"8 ronments cognitively, affectively, and culturally, and to draw broader
Disgust 0.27 g . X
insights for both theory and practice.
Table 7 5.1. Emotions evoked by liminal space video games
The effect of emotions on the number of emotions.
- - Regarding RQ1, the sentiment analysis method revealed that video
Emotion Estimate Standard error t P A . . .
games centered around liminal spaces can evoke a variety of emotions in
Intercept 0.37 <0.01 75.37 < 0.001 players. The most notable ones were anticipation, trust, and joy, fol-
Anticipation 0.60 < 0.01 85.73 < 0.001 : . : . .
Disgust 0,09 o001 _13.04 - 0,001 lowed by surprise and fear (as seen in Table 6). These results align with
Fear 0.03 < 0.0l 518 < 0.001 the unique and often unsettling nature of liminal spaces since they place
Joy 0.57 <0.01 82.10 < 0.001 players in uncertain, transitional environments. The high occurrence of
Sadness 0.06 <0.01 9.27 < 0.001 anticipation and trust suggests that players approach these games with
Surprise 0.11 <001 16.60 <0.001 an expectation of discovery, actively engaging with the environment to
Trust 0.59 < 0.01 84.37 < 0.001

emotion of anger in this case.

As can be seen in Table 7, the results of the regression analysis align
with the results received on the other statistical tests. Additionally, it can
be concluded that each type of emotion had a significant effect on the
number of emotions in the textual reviews.

After the emotions, the number of sentiments was examined in each
of the reviews. Their descriptive statistics can be seen in Table 8.

According to Table 8, it can be stated that while there were longer
negative reviews, overall, positive reviews were longer. This is reflected
in the higher mean and median values. Both were larger than those of
the negative reviews.

The following step was to check the effects of the sentiment types on
the number of sentiments throughout the textual reviews. This was done
using regression analysis methods. The results can be observed in
Table 9. Here, the Intercept variable was the negative sentiment.

Next, the Wilcoxon rank sum test was used to see whether there was a
significant difference between the two sentiment types in the reviews.
According to the results, the number of the two types of sentiments in
the reviews was significantly different from each other, W =
2,875,620,838, p < 0.001.

5. Discussion

This study aimed to investigate the emotions and experiences evoked
by video games that create a sense of liminality among players. To
achieve this, text mining and sentiment analysis of game reviews were
used. The results can provide an understanding of the emotional re-
sponses to these games, the main topics discussed in reviews, the dif-
ferences between positive and negative reviews, and the influence of the
Backrooms phenomenon on players’ perceptions of liminal spaces.

This section interprets the study’s findings in relation to the four RQs
and the theoretical concepts introduced earlier. Each subsection corre-
sponds to one of the RQs, synthesizing empirical results from Section 4

Table 8
The descriptive statistics of the number of sentiments in reviews, grouped by
sentiment.

Sentiment Min Max Mdn M SD
Negative 0 78 0 0.87 2.10
Positive 0 55 1 1.91 3.24

navigate the ambiguities in these virtual worlds.

Fear and surprise were also largely evoked in reviews of games that
incorporated horror elements. Words such as “scary,” “dark,” and
“monster” were frequently mentioned in reviews, as can be seen in the
word correlations analysis (Fig. 9). This reflects the heightened
emotional responses triggered by these game mechanics. Players often
reported feelings of isolation and unease when immersed in endless
hallways or abandoned buildings, which are common themes in liminal
space games. These qualities contribute to a more immersive and
engaging player experience. They also confirm the transformative po-
tential of liminality as described by Turner and Abrahams [3]. These
results indicate that players’ emotional responses to liminal environ-
ments are not limited to fear or unease, but include positively valenced
states like anticipation and trust, suggesting that ambiguity can foster
curiosity and immersion rather than only anxiety. This supports the idea
that liminality in games offers complex affective engagement distinct
from traditional horror or exploration genres.

5.2. The dominant themes in player reviews

In the case of RQ2, the topic modeling analysis showed several
recurring themes in player reviews. Gameplay mechanics, narrative
immersion, and environmental design were the main topics (Fig. 7). For
example, Topic 5 emphasized terms like “narrator,” “bucket,” and
“escape,” while Topic 13 centered around “experience” and “atmo-
sphere.” These findings suggest that players value the immersive qual-
ities of liminal space games, mainly the surreal and often inexplicable
nature of their environments.

In addition to gameplay and narrative, the Stanley Parable was a
frequently discussed game in multiple topics. The focus on self-aware
humor and meta-narratives indicates that these games not only chal-
lenge players with environmental puzzles but also with narrative layers
that demand a deeper engagement. Furthermore, the intertopic distance
map (Fig. 8) demonstrated that reviews of different games often shared
overlapping themes such as puzzles, horror, and narrative-driven
gameplay. However, certain topics, like the Stanley Parable, were
more isolated. This suggests that these games offer unique experiences
that resonate differently with players compared to more generalized
liminal space games. These themes also highlight that liminal games
engage players not merely through aesthetics but through spatial

19Qdisorientation, narrative ambiguity, and metacommentary. This re-
inforces the idea that liminality is not just a visual trope but a central
structuring device for player experience and meaning-making.
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5.3. Comparison of positive and negative reviews

Regarding RQ3, the analysis of positive and negative reviews showed
significant differences in both word count and sentiment. Negative re-
views tended to be longer with a higher median word count (Table 2).
This suggests that dissatisfied players place more detail in their criti-
cisms. They frequently expressed frustration with the game’s mechanics
or technical issues, and used terms like “issue,” “boring,” and “potential”
(Fig. 9). These reviews often showed unfulfilled expectations or dissat-
isfaction with game design, as evidenced by clusters of critical terms in
the word correlation analysis. On the other hand, positive reviews were
more concise and focused on praising the games’ atmosphere and
immersive qualities. While being shorter, these reviews expressed
higher levels of joy and trust, as can be seen in Table 6. Words such as
“fantastic,” “experience,” and “genuinely” appeared frequently in posi-
tive reviews, which show the emotional engagement and satisfaction
players derived from successfully navigating the liminal environments.
This contrast suggests that while positive players tend to focus on
immersive atmosphere, negative reviewers often engage in deeper
reflection about mechanics and expectations. This shows that disorien-
tation alone is not universally appealing. These divergent review styles
emphasize how players interpret liminality through both appreciation
and critique.

5.4. The influence of the Backrooms phenomenon on liminal space video
games

Regarding RQ4, the following should be noted. The Backrooms
phenomenon gained popularity in early 2022. It has had a noticeable
effect on the perception and design of liminal space games. The popu-
larity of games featuring the Backrooms aesthetic is reflected in the
Google Trends data and player reviews. Words like “backrooms,”
“endless,” “hallways,” and “dread” frequently appeared in the reviews.
They indicated that players associate these games with the eerie and
disorienting qualities of the Backrooms (Fig. 9).

As suggested by the sentiment analysis, the Backrooms can evoke
strong feelings of fear and anticipation in players. These spaces, which
blur the lines between reality and imagination, contribute to the
growing fascination with liminal spaces in gaming. The philosophical
implications of this were explored by Greenshields, and they suggest
that the Backrooms represent a broader cultural awareness of the
instability and ambiguity of reality [28]. Players engage with these
games not only as entertainment but also as a means of exploring deeper
existential themes of dislocation and uncertainty. These results also
affirm that the Backrooms have shaped not just game aesthetics but also
player expectations, reinforcing liminality as both a game mechanic and
a cultural metaphor. The phenomenon functions as a shared symbolic
anchor that amplifies existential themes, nostalgia, and ontological
uncertainty.

5.5. Comparison with the literature

Given the scarcity of prior large-scale empirical research on liminal
games, direct comparison is limited. Nonetheless, this research engages
thematically with relevant theoretical and narrative studies to highlight
both alignment and novelty in the results. This study’s results both
support and extend prior research on the emotional and cognitive di-
mensions of liminal spaces in video games. For example, the strong
presence of emotions such as anticipation, fear, and trust aligns with
Greenshields’ philosophical account of the Backrooms phenomenon as a
reflection of cultural anxiety and disorientation in unstable realities
[28]. Similarly, the prevalence of immersion-evoking language and
surreal atmosphere in user reviews corresponds with Belk’s argument
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narrative uncertainty in player reviews parallels observations made by
Harkin, who analyzed Oxenfree as a narrative liminal experience
grounded in adolescent transformation [14]. However, the results pre-
sented in this study, especially the statistical dominance of positive
emotions like joy and trust, reveal a broader and more complex spec-
trum of emotional engagement than prior work that focused primarily
on fear, discomfort, or alienation. Unlike earlier studies that used small
qualitative samples or theoretical framing (e.g., Proctor [6] or Horrigan
[15]), this study draws on a large-scale dataset of 66,858 reviews to
quantify and compare emotional patterns. This empirical scale enables
the identification of patterns such as the wordier nature of negative
reviews and the thematic clustering of Backrooms discourse, which prior
work has not addressed.

In sum, while prior literature has established the theoretical plausi-
bility of liminality in gaming, this study contributes new empirical
validation of how such spaces are emotionally and discursively experi-
enced by players. Unlike earlier qualitative studies that emphasized
discomfort or identity dissolution, the results presented in this study
suggest a broader emotional spectrum, including trust and joy. There-
fore, the results expand the affective understanding of liminal space
design in games. In doing so, it reinforces and refines earlier claims,
especially regarding player transformation, spatial uncertainty, and
narrative instability.

5.6. Practical implications and theoretical contributions

This study contributes to the theoretical discourse on liminality by
empirically validating the emotional and experiential dimensions of
liminal spaces within video game environments. While previous
research has discussed liminality in conceptual or narrative terms, this
analysis demonstrates that liminality is not merely a thematic or spatial
device but also a psychological and affective trigger in player experi-
ences. By quantifying the emotional responses of players, this study
extends Victor Turner’s theoretical framework into interactive media
where users navigate transitional spaces that evoke real-time affective
reactions.

Furthermore, the results support the notion that digital liminality
operates on multiple levels: spatial (e.g., endless hallways), cognitive (e.
g., perception puzzles), and existential (e.g., avatar/player boundary
blurring). These results reinforce the relevance of liminality not just in
storytelling but also in PX, immersion, and affective design within dig-
ital environments. Also, these immersive qualities position liminal
games not just as a visual or thematic subgenre, but as a design strategy
for evoking presence and deep psychological engagement through the
manipulation of spatial and narrative uncertainty [58].

From a practical standpoint, these results can inform design strate-
gies in both traditional and immersive formats. Understanding which
emotional states are most frequently evoked by liminal spaces can help
developers create environments that foster suspense, -curiosity,
nostalgia, or existential reflection. Developers seeking to enhance player
immersion might incorporate structurally ambiguous or symbolically
transitional spaces while calibrating emotional tone through environ-
mental cues such as lighting, sound, level progression, and pacing. In
particular, liminal design principles have strong potential for applica-
tion in virtual reality (VR) and augmented reality (AR) environments,
where sensory immersion and embodied presence heighten the player’s
emotional responsiveness to spatial uncertainty. The affective power of
minimalist, ambiguous environments can be amplified in VR/AR con-
texts to evoke disorientation, uncanny calm, or cognitive estrangement,
offering an alternative to overstimulation or narrative overload. Addi-
tionally, this study offers methodological contributions by demon-
strating the value of large-scale, user-generated review data in
understanding affective game experiences. The use of sentiment analysis

that digital environments function as liminal frontiers where identity313and topic modeling tools highlights a scalable and replicable approach

and perception are in flux [20].
Moreover, the frequent mention of architectural ambiguity and

for game experience research in both academia and the gaming industry.
The emotional dynamics, such as heightened anticipation, cognitive
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unease, and moments of calm or trust observed in the reviews corre-
spond closely to the affective profiles predicted by Russell’s and Zill-
mann’s theories [29,30]. This suggests that liminal spaces in games not
only serve as transitional environments but also function as emotional
amplifiers by activating high-arousal, low-certainty emotional states.
Designers may be able to harness this relationship between spatial am-
biguity and emotional engagement to foster deep immersion without
relying on traditional narrative or mechanical challenge.

Overall, this study bridges theoretical frameworks and design prac-
tice by revealing how emotional and psychological responses to liminal
environments can be intentionally engineered to shape PX across mul-
tiple gaming platforms.

5.7. Limitations and recommendations for future research

Naturally, this study has several limitations that should be consid-
ered. First, the dataset was restricted to user reviews from the Steam
platform. While Steam is one of the largest digital distribution platforms
for PC games, its user base may not fully represent the diversity of
gamers globally, particularly those on console platforms or in non-
English-speaking regions. This constitutes a potential threat to
external validity. Future research could expand the dataset to include
reviews from other platforms (e.g., PlayStation, Xbox, Reddit, Meta-
critic) and in multiple languages to capture a broader demographic and
cultural range.

Second, the study used a purposive sample of 19 video games iden-
tified as involving liminal spaces based on empirical judgment.
Although this allowed for targeted analysis, the absence of a standard-
ized tagging system for “liminality” in game databases limits general-
izability. This also affects external validity and the replicability of the
genre classification. Future work could develop formal criteria or
automated classifiers to identify liminal game environments at scale
using machine learning or image recognition techniques.

Third, while sentiment analysis and topic modeling offer powerful
tools for large-scale data exploration, they have known limitations in
capturing contextual nuance, sarcasm, or multilayered emotional states.
This poses a threat to construct validity, mainly in the interpretation of
affect. The NRC Emotion lexicon used in this study does not account for
irony or ambiguous emotional cues. To mitigate this, we chose a lexicon
validated in prior game research and combined it with a large sample
size to strengthen interpretive reliability. Combining these methods
with qualitative approaches such as in-depth interviews, gameplay di-
aries, or ethnographic observation could yield richer insights into player
cognition and narrative interpretation.

Fourth, the Backrooms phenomenon was investigated primarily
through the lens of review data, without engaging broader cross-media
sources such as fan fiction, YouTube playthroughs, or TikTok lore. This
presents a limitation in ecological validity, as it may overlook broader
cultural discourse. Future interdisciplinary studies could explore how
liminal aesthetics propagate and mutate across platforms, potentially
revealing deeper psychological and sociocultural mechanisms behind
their appeal.

Lastly, another limitation lies in the absence of human validation or
triangulation. The sentiment and topic modeling results were derived
entirely through automated methods. This raises issues for internal and
interpretive validity since these methods may overlook subtle contextual
cues, irony, or emergent meanings that human coders might catch. To
partially mitigate this, multiple statistical tests were used to cross-check
the results, and reproducibility was ensured through code-based analysis
pipelines. Future research could use a mixed-method approach by
combining computational analysis with manual coding of a subsample
of reviews to validate the themes and emotions detected. Additionally,
incorporating think-aloud protocols, player diaries, or interviews would
help triangulate results and provide richer interpretive depth.

By outlining these threats and the steps taken to reduce them, the
study aims to enhance the transparency, credibility, and replicability of
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the results in the emerging field of liminal game studies. In sum, this
study provides an initial empirical foundation for understanding liminal
space games, and future researchers are encouraged to build upon it
through expanded platforms, cross-cultural comparison, and mixed-
method approaches that combine computational and qualitative
insights.

6. Conclusions

This study contributes to research on video game experiences by
introducing a novel focus on liminal spaces, which is an underexplored
concept in gaming. To do this, this study explores the emotional and
thematic dimensions of video games that evoke a sense of liminality,
while focusing on player experiences that were gathered from textual
game reviews. The results showed that liminal space video games evoke
the following emotions: anticipation, trust, and joy were the most
prominent. In contrast, horror-themed liminal space games also evoked
strong feelings of fear and surprise, which contributed to an immersive
and emotionally complex player experience. The analysis of themes
showed that gameplay mechanics, narrative immersion, and environ-
mental design were central to the player experience. Specific games, like
The Stanley Parable and Backrooms-themed games played an important
role in how player perceptions were shaped.

Significant differences were found between positive and negative
reviews: negative feedback tended to be more detailed and focused on
technical issues or unmet expectations. Meanwhile, positive reviews
were more concise and highlighted the immersive qualities of such
games. The Backrooms phenomenon emerged as a significant cultural
influence on the design and perception of liminal space games, which
may reflect societal concerns about the instability of reality.

The results not only highlight the importance of emotional immer-
sion in game design but can also open new ways for future research in
both digital culture and psychology. This research helps to lay the
groundwork for further exploration of the cognitive and emotional ef-
fects of liminal spaces in interactive media when understanding player
behavior.
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