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1. Contribution of the doctoral thesis

The work presented in the dissertation can be divided threefold. First, the candidate demonstrates
how new technologies such as Virtual Reality (VR) and Augmented Reality (AR) can be utilized in various
industries and sectors, including teaching, training, medicine, aerospace, and others. The amount of
reviewed work on VR/AR application is extensive, and it is well-presented, identifying the pros and
cons of specific use case scenarios.

Second, the candidate showed how specific hardware devices and software tools could be used to
create different VR environments, followed by their application in different training scenarios. That is
especially relevant since tools and software (commonly used by the gaming industry) were utilized for
the thesis by the candidate, meaning additional time and effort had to be invested for learning how to
work with the tools.

Third, the level of ingenuity in measuring test subjects' performances in VR and the real world is
impressive. In my view, the fusion of the collected data from different sources to derive conclusions
required a lot of planning. Hence, | can complement the author and the supervisor (doc. Ing. Pavel
Kopecek, CSc.) for creating the methodology for performance comparison that | believe could be used
in other disciplines.

| can see the contribution of the thesis in the following:

= The literature on VR/AR technology applications in different industries was extensively and
critically reviewed.

= The methodology for conducting this type of experiment, gathering data, and analyzing the
results was developed.

= The interplay between VR training and the subjects' performances in the real world (while
completing specific tasks) was discovered, leading to interesting thesis conclusions.

= Multiple research paths were opened for others to follow in future research, particularly those
who would use haptic devices or more experienced test subjects in their experiments.

Noting the points mentioned above, | evaluate the thesis contribution positively.

2. Evaluation of the applied procedures, methods, and achieved objectives

As one of the strong points of the thesis, the candidate devotes an entire chapter explaining the
procedures and methods used for planning and executing the experiment and data analysis. Specific
stages of the experiment are discussed with a sufficient level of detail. | particularly value the section
where the implemented statistical analysis is explained, showing how the candidate recognized that
appropriate methods and tests must be employed if proper and valid conclusions are to be reached.
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One remark that can be addressed during the presentation of the thesis results, i.e., its defense, is why
the candidate did not use debriefing sessions with the test subjects during the experiment phase (or
he did, but they were not reported in the document). As mentioned in the literature review (e.g., [103]
and [104]), if pre-, during-, and post-training instructions are given to the test subjects, their
performances can improve. In the industrial environment, | expect workers to receive feedback from
their educators during the training phase. The candidate did not use that approach in his experiments.
Another suggestion would be to use a separate control group of test subjects. The task of the second
group of test subjects would be to undergo only real-world training. That would allow comparing
performances of those who trained in VR and those who trained only in the real world.

In the experiments involving human subjects, there is always a risk of losing the subjects' interest and
motivation for participating in the research. That is especially true if the experiment takes a long time
and requires a higher concentration level from the participants. When analyzing the obtained results,
we can see that the VR performances improved in both dimensions (time and accuracy), which was
not the case in the real world. In my view, the subjects were more inclined to trainin a VR environment
since VR technology is usually perceived as new, exciting, providing an immersive experience, etc.
Hence, their performances improved in VR (they liked that experience), but this was not reflected in
the real-world performances. Maybe the participants wanted to finish the real-world experiment as
soon as possible (i.e., reducing the time), which yielded less accuracy. That is why | believe that the
control group of test subjects would have been beneficial in this research.

The candidate proposed several hypotheses, confirming the H1, H2, H3 for the VR experiment and H2
and H3 for the real-world experiment. In contrast, hypotheses H4 for the VR experiment and H1 and
H4 for the real-world experiment were proven false. The outcomes of the hypothesis tests are all very
well explained and discussed in detail.

Overall, | can positively evaluate the methods and procedures used in the thesis and the achieved
objectives. As | mentioned earlier, the dissertation delivered multiple contributions; that would not be
possible unless an appropriate methodology were applied.

3. The results and originality

There are several aspects of the experiments presented in the dissertation. Namely, the candidate
conducted his research using human participants. The participants were asked to draw specific objects
(line, circle, and wave shapes) in a VR environment and real life, using modified glue and a caulking
gun with one and two hands. The objective was to see if the subjects' performance (in terms of
accuracy and time needed to conduct the task) would improve in real life after a month of training in
VR. That was the basic idea of this work.

To conduct such work, apart from voluntary participants, the candidate needed a suitable VR
environment, not just for presenting the scene to the participants but also for the data collection on
the movement precision and time. It is admirable that the candidate created that environment from
the ground up.
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The results showed that the subjects' performances in the VR environment improved throughout the
training period (in both dimensions: reducing time and increasing accuracy). However, this was not
entirely reflected in the real-world performances. It can even be argued that VR training negatively
impacted the participants’ accuracy in the real world. Without any doubt, the candidate proved that
VR training sessions affected the subjects' performances in the real world (positively in some aspects,
negatively in others). The results showed how VR technology has excellent potential in training
different industry professionals, especially if the training sessions are somewhat modified to suit
specific needs and training goals. That is elaborated in the dissertation and highlighted in the
concluding chapters.

Experimenting with VR applications in various sectors (industry, medicine, aerospace, responsive
services, etc.) is not a novel approach. The candidate's literature review unambiguously confirms that.
There are many papers, studies, and reports (dating from 1990ties onwards) on how VR technology
can be used; thus, the originality of this thesis lies elsewhere. From my standpoint, the novelty of this
work advents from the developed methodology for conducting these type of experiments that
includes: selection of human participants, creation of VR environment, developing data collection
methods (for both subjective and objective data sets), developing software solutions for data fusion,
and interpretation of presented results. Hence, | can positively evaluate the thesis originality and the
presented results.

4. Evaluation of formal aspects of the thesis

Before | comment on the thesis's formal aspects, | must mention that the University of Zagreb has
somewhat different guidelines for preparing the dissertations (e.g., document structure, text styling,
and formatting, figure and table styles, etc.). Keeping that in mind, | trust the candidate and his
supervisor (doc. Ing. Pavel Kopecek, CSc.) that the dissertation is prepared according to the guidelines
of the Zdpadoceskd univerzita v Plzni.

The text presented in the dissertation is clear and easy to follow, even for someone not familiarized
with the topic. The structure of the chapters systematically describes the used research methodology,
obtained results, and derived conclusions. Another benefit is chapter 14, where the candidate lists
possible applications of the research. The candidate always tries to explain the specific stages of his
research in detail, enabling the repetitiveness of the work.

| found a few typing errors, but nothing to be concerned about in the document of this size. However,
in one case, one entire paragraph was repeated by mistake (on top of page 43), which can be corrected
in the electronic version of the document. Additionally, | find that subchapter 7.2 would be more
suitable as a part of chapter 2.

Document layout is of good quality; the use of figures (66 in total) and tables (8 in total) is appropriate
and complements the surrounding text, helping readers understand the authors' ideas better. That is
especially true for figures depicting the created VR environment showing different tasks the subjects
had to complete. The English language is very good.

The above leads to my conclusion: | approve of the formal aspects of the thesis.
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5. The candidate's publications

The reference list in the dissertation does not contain any publications authored or co-authored by the
candidate, which is somewhat odd. A simple Google Scholar search reveals several works of the
candidate from the fields of VR and related cybersickness issues, potentials of using VR for training
individuals, evaluation of user experiences for VR applications, positional tracking, and other topics
important for the dissertation itself. Hence, I can positively evaluate the candidate's publications;
their amount and diversity (conference and journal papers) are suitable for someone at his career
stage, yet the lack of self-citation within the dissertation (where appropriate) is puzzling.

6. Final recommendation

In my view, the dissertation delivered interesting conclusions, to some extent even unexpected.
Novelty and innovativeness in the methodological sense are key attributes of the work. Moreover,
possibilities for future research are detected and wide open. Therefore, | approve the thesis titled The
effect of training in Virtual Reality on hand movement precision as being scientifically sound and
original. I recommend that the doctoral dissertation moves to the next phase, its defense by the

author Ing. Sergo Martirosov.

External examiner

Asst. Prof. Marko Matulin, Ph.D.



Oponentni posudek disertacni prace

Jméno autora: Ing. Sergo Martirosov
Jméno oponenta: Ing. Marek Bures, Ph.D.

Prace predkladana k hodnoceni nese nazev ,,The effect of training in Virtual Reality on hand
movement precision a je zpracovana v anglickém jazyce. Prace obsahuje celkem 122 stran
textové Casti, véetn€ extenzivniho seznamu pouZité literatury.

Vyznam pro obor

Prace je orientovédna na oblast virtudlni reality (VR) a jejiho vyuZiti v primyslové praxi.
S rozmachem digitalnich technologii a principi primyslu 4.0 se VR neustale rozsifuje do
vSech humanitnich a technickych oborli, véetné primyslové praxe. Stile vice dochazi
k prolinani klasickych a modernich pifistupt. Je tedy velmi dileZité akceptovat tato fakta a
mapovat potencial novych technologii. JelikoZ objasnéni pfinosi VR pro specifickou oblast
v primyslové praxi je hlavnim cilem této prace, shledavam ji jako zcela relevantni a troufdm
si fici nezbytnou pro budouci rozvoj primyslové digitalizace.

Ivle§en)" problém, pouzité metody a splnéni cile

Prace se primarn€ zaméfuje na objasnéni faktu, zda ma trénink ve VR pozitivni vliv na
provadéni ukontl v redlném svété s ohledem na jejich pfesnost. Prokazani tohoto faktu je
velmi dileZité pro potvrzeni, zda prumyslové operace jako napt. svafovani, lepeni montaz &i
Jiné operace naro¢né na piesnost, mohou byt ve VR nacvi€eny. Cile disertacni prace jsou tedy
jasn€ stanoveny a obdobnym zptsobem jsou formulovany i diléi hypotézy. V &asti vénujici se
vlastni experimentédlni ¢innosti je jasn€ definovan metodicky postup, nasledné experimenty,
vyhodnoceni vysledkd a jejich diskuze. Prace tedy plné€ odpovidd principim védeckého
zkoumani.

Doktorand proved] nékolik experimentd, jejichZ podstatou bylo simulovat nanaSeni lepidla
pomoci jednoru¢niho nebo obouruéniho néstroje. Sledovany byly dva parametry, a to pfesnost
a doba trvani daného tkolu, respektive jak se tyto dva parametry méni s poétem provedenych
testll ve virtudlni realité. Pro ovéfeni, zda trendy vyvoje zminénych parametri budou obdobné
probihat i ve skutecném svété, provedl doktorand i experimenty na pfesnost a ¢as i ve
skuteCném svété. Charakter prace je tedy Cisté experimentalni a pfinasi tak jasné, méfitelné a
objektivni vysledky. Experimentalni vysledky jsou nasledné statisticky vyhodnoceny,
konfrontovany se stanovenymi hypotézami a potvrzuji &i vyvraceji tak stanovené
piedpoklady.

Vysledky disertaéni prace

V zavére€nych kapitolach predkladané prace je pomoci statistického vyhodnoceni vysledki
jasné prokazano, Ze nacvik tkond ve VR ma pozitivni vliv na pfesnost a rychlost provadénych
ukond. Pozitivni trend byl prokézan jak pro provadéni ikond jednou i obéma rukama, tak u
vSech sledovanych trajektorii (pfimka, kruZnice, sinusoida). Ve vétSin& pfipadd bylo také
potvrzeno, Ze v prib&hu prvnich ¢tyf néacvikd dochazi k rychlejSimu progresu, co se tyce
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presnosti. Rychlost klesala témét linearné¢ az do sedmého opakovani. Vysledky jsou tedy
relevantni a znamenaji jasny pifinos pro rozvoj zkoumané problematiky.

Systemati¢nost, pirehlednost, formalni a jazykova uprava

Jak jiz bylo zminéno, prace je po metodické strance zcela v potadku. Doktorand pii zkouméni
problematiky postupoval systematicky a vysledky jsou tedy piehledné a jasn€ potvrzené.
Nutno podotknout, Ze zejména v reSerSni Casti, ale i ve zbytku prace doktorand pracoval
s velkym mnoZstvim zdroji zahrani¢ni literatury. V praci je citovano pies 300 literarnich
zdroji, coZ nebyva béZnym standardem. Timto opét doklada relevantnost prace a jeji vysokou
odbornou uroveri.

Doktorand pracoval s fadou softwari (GIMP, Blender, Unity 3D, GeoGebra, Excel makra)
coz ukazuje jeho erudovanost a Siroky zabér. Velmi naro¢ny byl také zplsob odméfeni
presnosti ve VR (specialn€ u sinusoidy) se kterym se vSak doktorand velmi dobie vyporadal,
jak dokazuji provedené vypocty.

Po formalni strance je prace také v potadku, nebot’ obsahuje vSechny zvyklosti a pfedepsanou
strukturu. Kvalita jazykového projevu je zmého pohledu také dostadujici, av§ak nemohu
zcela posoudit gramatickou stranku.

Publikacni aktivita

Za zminku stoji také vyjadreni se k publikaéni aktivité doktoranda, ktery byl v pribéhu péti
let autorem celkem 8 publikaci, z cehoZ je 5 konferenci a 3 ¢&lanky v impaktovanych
casopisech. Jeden z impaktovany ¢lankt vznikl ve spolupréci s univerzitou v Zahtebu, kde byl
doktorand na Erasmus pobytu. Nejhodnotnéj§i je posledni ¢lanek, ktery byl otisknut v
casopisu Virtual Reality (impact factor 3,6, kvartil Q1). Jeden z publikovanych ¢lankd ma jiz
10 zahrani¢nich citaci v databazi Scopus, coz ve vysledku znamenéd H-index 2.

Celkové zhodnoceni prace

Po odborné strance je prace velmi kvalitni a ma experimentalni charakter. Autor pracuje
vyhradné se zahrani¢ni literaturou a zdroji, coZ poukazuje na novost feSené problematiky.
Vysledky prace jsou originalni a pfinas$i nové poznatky pro oblast vyuZiti VR v primyslové
praxi. I pfes ziskani jasnych findlnich vysledki je mozné ve vyzkumu dale pokraCovat,
napiiklad rozSifenim vekové skupiny ucastnikli. Pokracovéni vtomto vyzkumu bude
bezesporu prinosem nejen po teoretické strance, ale i pro vyuZiti v primyslové praxi.

Zavérem tedy doporucuji predkladanou disertacni praci k obhajobé a v piipad€ uspéSné
obhajoby ud¢leni titulu Ph.D.

Otazky na doktoranda
Domnivate se, Ze v pfipad€ vyuziti jiného hardwaru pro VR (ndhlavniho displeje a ovladaci)
by mohly byt ziskény odlisné vysledky?

Misto, dne: V Plzni, 17. 6. 2021 /*";

.......................
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POSUDOK OPONENTA
DIZERTACNEJ PRACE

Ndazov prace (Eng): THE EFFECT OF TRAINING IN VIRTUAL REALITY ON HAND MOVEMENT

PRECISION
Nazov préce (Sk): VPLYV TRENINGU VO VIRTUALNEJ REALITE NA PRESNOST POHYBU RUKY
Doktorand: Ing. Sergo MARTIROSOV

Skoliace pracovisko:  Fakulta strojni, Zépadogeska univerzita v Plzni

Oponent: prof. Ing. Ing. Peter TREBUNA, PhD. , Ing. PAED IGIP

1. AKTUALNOST ZVOLENEJ TEMY DIZERTACNEJ PRACE

Dizertaénu pracu snazvom ,VPLYV TRENINGU VO VIRTUALNEJ REALITE NA PRESNOST
POHYBU RUKY” je mozné povazovat za mimoriadne aktudlnu a zaroven je moZné konstatovat,
Ze vyplyva zo vieobecnych trendov zameranych do skimanej oblasti.

Z obsahového hladiska su v praci prezentované vysledky vlastnej Studie doktoranda, z ktorej
sa ponukaju Specifické tlohy pre dalsie rieSenie v suvislosti s vyvojom novych metéd a navrhov
v skimanej oblasti.

Z vyssie uvedeného vyplyva jednoznacny vyznam celej dizertacnej prace.

2. METODY SPRACOVANIA DIZERTACNEJ PRACE

Posudzovana dizertaéna praca pozostdva zo 14 na seba nadvazujucich kapitol, Uvodu a zaveru,
obsahuje 122 stran, 327 literarnych odkazov, 66 obrazkov a 8 tabuliek a je z formalneho
hladiska vypracovana v sulade s podmienkami kladenymi natento druh prac. Postup riesenia
povazujem za spravny. V nadvaznosti na zdkladné ciele dizertacnej prace boli metddy spravne
vybrané a v rieSeni aplikované. Na to aby dizertant mohol sprdvne aplikovat vybrané
metodické postupy bolo potrebné dékladne analyzovat vychodiskd price a nasledne
analyzovat existujice podmienky a vSetky vstupné parametre.
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Metddy su charakterizované a kategorizované napriec¢ celym rieSenim prace, v zavislosti od
analyzovaného konkrétneho atributu skiimania.
Dizertant dosledne reSpektoval a dodrZiaval odporucany postup a Struktiru spracovania
dizertacnej prace. Jazykova stranka predkladanej préce je na vynikajtcej trovni.
V tvode autor definuje tcel nasadzovania simulacie vo virtualnej realite do vyroby za tucelom
tréningu. Tréning vo virtualnej realite autor povazuje za nastroj, ktory urychli bezpecné
adaptovanie sa zamesthancov na pracovné procesy pri nasadzovani novych pracovnych
scenarov.

Poukazuje zdrover na pripravenost zavddzania technoldgii virtudlnej a zmiesanej

reality za Ucelom ich plnej integracie do PLM systémov.

3. DOSIAHNUTE VYSLEDKY DIZERTACNEJ PRACE A NOVE POZNATKY

Z hladiska koncepcie, Struktiry a obsahu dizertacnej prace jednoznacne vyplyva niekolko
dolezitych prinosov. Na prvom mieste vysoko oceniujem komplexnost celej dizertacnej prace
do predmetnej problematiky.

Aplikovany pristup analyz je spravny, kedZze v dalSom postupe je uisie Specializovany do
konkrétnych oblasti zvoleného problému.

Aplikaciu metodiky a realizaciu opatreni povazujem za detailne spracované. Autor sa orientuje
do viacerych oblasti, ktoré su logicky odovodnené konkrétnymi krokmi vyplyvajacimi z
pontikanej hibkovej analyzy. Z navrhov a nasadenia virtudlnej reality je moZné ocakavat
zefektivnenie vnutropodnikovych Cinnosti a samozrejme skratenie doby reakcie na vyskyt
problémov vo vyrobe.

DizertaCna praca splnila vSetky stanovené ciele v teoretickej a praktickej ¢asti prace, ¢o autor
sam deklaruje v prinosoch a v zavere na strane 100.

PredloZena praca svojimi parametrami vo viacerych ¢astiach dokladuje vedeckd erudiciu
doktoranda. Potrebné je zdéraznit aj publikaénu ¢innost doktoranda orientovanu do oblasti
rieSenia skimanej problematiky a zdznamy v databazach Scopus a CC. Zaroven pri vedecko-
vyskumnej aktivite doktoranda povaZujem za potrebné spomenut 2 zdznamy v databaze WOS
a 6 zaznamov v databdze SCOPUS.

Konstatujem, Ze ciele definované v dizertacnej praci je moZné povaZovat za dosiahnuté a

splnené.
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4. PRINOS PRE DALSi ROZVOJ VEDY A TECHNIKY (UMENIA)

DizertaCnd praca ma teoreticky prinos, predovsetkym v oblasti systematizdcie poznatkov
suvisiacich s oblastou virtudlnej reality, zariadeni a softvérov pre virtudlnu realitu a taktieZ
podava zdklad pre laboratdrne experimentovanie v uvedenej oblasti. Prakticky prinos prace
mozno vidiet v konkrétnych navrhoch a vyuZiti metodiky identifikdcie moZnej hrozby zéniku
obchodnej znacky a samozrejme realizacie vlastného vyskumu.

Osobitne vyzdvihujem aplikacnu kapitolu 10 ataktiez realizaén( kapitolu 11 aich
vyhodnotenie Statistickymi nastrojmi, ktoré jednoznacne potvrdili hypotézy.

Praktickym prinosom dizertacnej prace si sumarizované doktorandom na strane 96 a po

dokladnom prestudovani préce je mozné stotoZnit sa s nimi.

5. PRIPOMIENKY A POZNAMKY K DIZERTACNEJ PRACI

Nemam.

6. OTAZKY A ULOHY K RIESENEJ PROBLEMATIKE

Bolo by moiné zaoberat sa aj ekonomickym efektom navrhovanych rieseni? Ak dno ako
metddou by ste dokdzali skalkulovat pripadnt dsporu?

Aké nastupujuce trendy v skimanej oblasti vidite postupnym prechodom z 14.0 na 15.0

(definovanou Eurdépskou komisiou) v blizkej budicnosti?

7. SPLNENIE SLEDOVANYCH CIELOV DIZERTACNEJ PRACE

Vsetky ciele dizertacnej prace (ako celkovy, tak Ciastkové) povazujem na zéklade preskimania
téz za splnené. Z hladiska celkového hodnotenia dizertacnej prace Ing. Serga MARTIROSOVA
teda konstatujem, Ze doktorand v plnom rozsahu spinil definované ciele.

Logickym vyustenim celej préce je kapitola 13, kde autor rozvédza a potvrdzuje svoje
hypotézy a tvrdenia. V zavere prace dizertant podopiera svoje tvrdenia aj o nasadenie
Statistického hodnotenia vysledkov vlastného vyskumu, resp. vyskumu $koliaceho pracoviska,
o je pre dany typ prac Ziaddce.

Kapitola 14 zhodnocuje vyuzitie vnorenych technoldgii v priemyselnej praxi. Nasledne
poukazuje na nové moZnosti a orientdciu vyskumu amoznosti dalSieho smerovania

v predmetnej oblasti dizertacnej prace.
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8. CELKOVE ZHODNOTENIE DIZERTACNEJ PRACE A ZAVER

PretoZe doktorand splnil vSetko, ¢o sa od spracovania dizerta¢nej prace pozaduje, odporicam
predloZent dizertaénu pracu k obhajobe a po uspesSnom obhdjeni odporu¢am Ing. Sergovi
MARTIROSOVOV!I udelit titul PhD.

PredloZenu dizerta¢nt pracu na zaklade predchadzajliceho hodnotenia

ODPORUCAM prijat k obhajobe
a po jej obhdjeni navrhujem udelit doktorandovi akademicky titul "philosophiae doctor

(PhD.)"

Podpisom na tomto posudku zaroven suhlasim s licenénymi podmienkami obsiahnutymi v

licen¢nej zmluve na pouZitie posudku zaverecnej préce, ktora je sucastou tohto posudku.

V Kosiciach 30.5. 2021 7

prof. Ing. Ing. Peter TREBUNA, PhD., Ing. PAED IGIP
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