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COGNITIVE AND ERGONOMIC PRINCIPLES IN VR TRAINING DESIGN

Abstract

Virtual Reality training systems are increasingly used in engineering, industrial, and educational
contexts, yet their effectiveness depends heavily on cognitive and ergonomic design factors. This article
provides a systematic review of research examining how cognitive load, attention distribution, perceptual
processing, and memory constraints influence user performance in virtual reality based training. Special
emphasis is placed on ergonomic dimensions such as posture, reachability, visual comfort, motion patterns,
and factors contributing to cybersickness, including latency, visual-vestibular conflict, and field-of-view
inconsistencies. The paper synthesizes findings from recent studies to identify practical design principles that
enhance usability, reduce fatigue, and improve learning efficiency. The analysis highlights that well-aligned
cognitive cues, natural interaction mechanics, and adherence to ergonomic standards significantly improve
user comfort and skill acquisition. The findings provide actionable guidelines for developers, instructors, and
designers striving to build effective, user-centered virtual reality training systems for academic and industrial
applications.

Key words: Cognitive load, ergonomics, usability, human-centered design, immersive learning, visual
comfort.

Introduction. Virtual Reality (VR) training systems have become an essential component of
modern engineering, industrial, and educational practice. Their ability to simulate hazardous,
expensive, or otherwise inaccessible environments makes VR an effective tool for developing
procedural and operational skills. Unlike traditional learning formats, VR provides immersive
multimodal experiences, enabling learners to interact directly with three-dimensional objects,
replicate real-world workflows, and perform complex tasks with high contextual relevance. As a
result, VR training is increasingly adopted in fields such as manufacturing, medicine, aviation, and
technical education.

However, the effectiveness of VR training depends not only on visual fidelity or interaction
complexity, but primarily on the cognitive and ergonomic characteristics of the learning environment.
Numerous studies highlight that excessive cognitive load, fragmented attention, unclear visual cues,
or non-intuitive interaction mechanics can significantly reduce training performance and hinder skill
acquisition. At the same time, poorly designed ergonomic factors—such as unnatural posture, limited
reach, visual discomfort, or improper camera motion—can cause physical fatigue and cybersickness,
negatively influencing learning outcomes (LaViola, 2020; Jerald, 2015; ISO 9241-820:2024).

Therefore, the design of VR training systems requires a human-centered approach that
integrates cognitive principles—such as attention management, perceptual clarity, memory
constraints, and instructional guidance—with ergonomic considerations aimed at ensuring comfort,
safety, and natural interaction. This article provides a structured review of cognitive and ergonomic
principles supported by recent research and formulates practical design guidelines for creating
effective, user-centered VR training experiences.
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Materials and Methods

Theoretical Analysis. Cognitive and ergonomic factors form the foundation of effective Virtual
Reality (VR) training design. Unlike traditional two-dimensional instructional systems, VR requires
simultaneous processing of spatial, visual, auditory, and motor information, intensifying the demands
on the user’s cognitive architecture [1]. According to Cognitive Load Theory (Sweller et al., 2019),
human working memory is limited; therefore, instructional design must reduce extraneous cognitive
load and support meaningful learning through perceptual clarity and focused guidance[2].

In VR environments, cognitive load is strongly influenced by the density of visual elements,
the clarity of task instructions, the positioning of interactive objects, and the consistency of sensory
feedback. Studies show that excessive stimuli, ambiguous affordances, and fragmented visual cues
increase cognitive strain and negatively impact task completion time and error rates (Makransky &
Petersen, 2021; Parong & Mayer, 2021).

Ergonomic principles govern physical comfort and motor interaction. ISO 9241-820 (2024)
outlines requirements for posture, reachability, interaction zones, and visual comfort in immersive
systems. Poor ergonomic design—such as interfaces positioned too high or too low, repeated extreme
movements, or uncalibrated FoV (Field of View)—contributes to fatigue and reduced performance.
A critical issue is cybersickness, commonly triggered by visual-vestibular inconsistencies, latency,
unnatural head-camera coupling, and rapid accelerations (Stanney et al., 2020) [3][4]. Research
indicates that even small misalignments in camera motion or delay can significantly disrupt user
comfort and hinder learning outcomes in VR training contexts[5].

Thus, theoretical foundations emphasize that effective VR training design requires aligning
cognitive capabilities with physical ergonomics to ensure perceptual clarity, minimize overload, and
maintain stable interaction conditions.

Results and Discussion

Experimental analysis. Given the review-oriented nature of this study, the experimental
analysis is based on a structured examination of existing Virtual Reality (VR) training systems and
empirical findings published between 2015 and 2024. A total of 18 peer-reviewed sources were
selected, including international ergonomics standards (ISO 9241-820:2024), studies on cognitive
load in immersive learning environments (Makransky & Petersen, 2021; Parong & Mayer, 2021),
research on perceptual clarity and visual comfort (Jerald, 2015; Frontiers VR, 2025), and meta-
analyses of cybersickness triggers (Stanney et al., 2020). This approach allows identifying recurring
cognitive and ergonomic factors that influence user performance across VR training applications.

Across the reviewed studies, cognitive load emerged as the central determinant of VR training
efficiency. High information density, fragmented attention cues, and poorly structured interaction
patterns consistently produced increased error rates and lowered task completion performance. The
most frequently cited cognitive principles are summarized in Table 1, along with their effects and
validated recommendations.

Table 1. Key Cognitive Factors Affecting VR Training Performance

Cognitive Factor Effect on Training Evidence / Source
Cognitive Load Reduced learning efficiency, slower task | Makransky & Petersen (2021); Sweller
execution et al. (2019)
Attention Higher risk of task errors Parong & Mayer (2021)
Distribution
Perceptual Clarity Increased task confusion and visual strain | Jerald (2015)

Working  Memory | Overload leads to misinterpretation of | Makransky et al. (2019)
Limits instructions
Instructional Improved user performance and lower | Mayer (2020)
Guidance extraneous load
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Ergonomic conditions significantly influence physical comfort, interaction quality, and the
probability of cybersickness. Poor posture alignment, excessive reach distance, unstable camera
motion, and FoV inconsistencies were the most common contributors to user discomfort across
reviewed VR systems[6]. These findings are summarized in Table 2.

Table 2. Ergonomic Factors and Recommended Design Strategies

Ergonomic Problem Recommended Strategy Evidence /
Factor Source
Posture & | Postural fatigue, shoulder strain | Align Ul with natural reach and | ISO 9241-820

Reach eye level (2024)

Camera Motion

Cybersickness due to motion—
vestibular mismatch

Stable camera movement, reduced
acceleration

Stanney et al.
(2020)

Field of View | Peripheral overload, discomfort | Maintain 90-110° FoV; minimize | LaViola (2020)

(FoV) rapid FoV shifts

Visual Comfort | Eye fatigue High contrast, anti-flicker | Frontiers VR
elements (2025)

Task Movement | Excessive physical strain Natural gesture alignment, avoid | Freitag (2021)

forced rotations

Frequency of Ergonomic Issues Across Studies. To determine which ergonomic issues are
most prevalent, a content analysis of 18 research papers was conducted. The frequency of the five
dominant ergonomic problems is shown in Figure 1.

Frequency of Ergonomic Problems in VR Training Research
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Figure 1. Frequency of Ergonomic Problems Mentioned in VR Training Research

Conclusion: The conducted analysis demonstrates that the effectiveness of VR training systems
depends critically on the integration of cognitive and ergonomic design principles. Cognitive
factors—such as cognitive load, perceptual clarity, instructional guidance, and attention
distribution—directly influence the learner’s ability to process information, complete tasks
accurately, and retain newly acquired skills. At the same time, ergonomic aspects, including posture,
reachability, camera stability, FoV consistency, and visual comfort, determine physical well-being
and the likelihood of cybersickness during training sessions.

The structured review of 18 research publications revealed several recurring patterns. Excessive
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cognitive load and ambiguous visual cues consistently reduced training efficiency, while improper
ergonomic alignment generated discomfort, fatigue, and motion-induced sickness[7]. The data
indicate that human-centered design approaches, which balance mental demands with natural motor
behaviors, substantially improve the wusability and effectiveness of VR-based educational
environments.

Overall, the findings highlight the importance of using cognitive-science frameworks and
ergonomic standards when designing VR training systems [8]. These principles provide a
methodological foundation for developing immersive, safe, and pedagogically effective VR solutions
suitable for industrial, engineering, and academic applications.
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VR-TPEHUHT KYUEJEPIH JKOBAJIAYIAFBI KOTHUTUBTIK ’KOHE
IPI'OHOMMKAJIBIK IPUHIIUIITEP

Tyiiin

BupTyanasl HIBIHABIKKA HETI3IEATeH OKBITY KYyHelepi HHKEHEepHUs, OHAIpic jkoHe OuriM Oepy
cajajapbliH/la KEHIHEH KOJJIAHbLIy/la, ajiaiifia OJIap[blH THIMIUIIT KOTHUTHBTIK JKOHE 3SPrOHOMHUKAJIBIK
KoOaJiay IpUHIMIITEPiHe Tikenel OalnaHbICThl. bysr Makana BUPTyalbl MIBIHBIKTEIH TPEHUHT OapbhICHIHIA
OKYIIBIHBIH )KYMBIC KOPCETKIiIlliHEe KOTHUTUBTIK )KYKTEMEHiH, Ha3apAbIH OeliHyiHiH, KaObliiay nIpouecTepiHil
JKOHE KaJIbl IIEKTEYJICPIHIH oCEpiH 3ePTTEreH FRUTBIMU €HOCKTEpre JKyhenl oy xacaiiasl. COHBIMEH Karap,
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APTrOHOMHUKAJBIK (PakTopiapra — KOJMAHYIIBI KAJIbl, KOJ JKCTIMIUIK alMarbl, BU3YyaJJbl KaHIbLIBIK,
KO3FaJBIC TUHAMHKACH JKoHEe KuOepaypyra okeneTiH cebenrep (Kifipic, BH3yalIbI-BeCTHOYISPIBIK
colikecci3ik, Kepy OYPHIIBIHBIH TYPaKCHI3ABIFEI) — epeKIle Ha3ap ayAapbliaasl. Makanaga COHFBI 3epTTeyiep
HET131H/Ie BUPTYaJIJIbI IIBIHIBIK TPEHAKEPIAPABI xK0o0alayFa apHaJFaH MPAKTUKAJIBIK YChIHBICTAP YCHIHBLIA B,
Hormxkenep KOTHUTHBTIK HYCKaynapAblH gon Oepimyi, TaOMFW e3apa opeKeTTeCy MeXaHUKachl JKOHE
SPrOHOMHKAJIBIK HOpPMalap/ bl CakTay MaiJalaHylIbl >KaIbUIBIFBIH KOHE JAFIbUIAPIbl MEHIEpPY CamachlH
alTapiBIKTal apTTHIPATBIHBIH KOPCETEII.

Kinrrik ce3nep: KorHUTHBTIK KYKTeMe, )prOHOMUKA, TTaiifamany KOJIaWIbIIBIFG, aJaMFa OarbITTaIFaH
JIU3aiiH, IMMEPCHBTI OKY, BU3yaJlJibl )KaHJIbUIBIK,
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KOTHUTUBHBIE 1 DPTOHOMWYECKHUE TPUHIIUIIBI B TIPOEKTUPOBAHUHU VR-
TPEHAXKEPOB

AHHOTALINA

Cucremsbl 00yueHHs Ha 0a3ze BUPTYyaJbHOW PEaJIbHOCTH BCE aKTMBHEE MPUMEHSIOTCS B MH)KEHEPHOI,
MIPOMBIIIUIGHHOW M 0Opa3oBaTenbHOM cdepax, OAHaKO WX APPEKTUBHOCTH BO MHOTOM OIPEENIeTCs
KaueCTBOM KOTHUTHBHOTO W 3PTOHOMHYECKOTO TPOCKTUPOBaHUs. B crarhe mpencraBieH cUcTeMaTHYecKUui
0030p HCce0BaHM, PAacCMaTPUBAIONINX BIHMSHUE KOTHUTUBHOW HArpy3KH, paclpeielieHHs BHUMAaHUS,
O0COOCHHOCTE BOCIPHUATHA W OTpaHWUYeHH pabodell mamsaTH Ha pe3yJbTaTUBHOCTh OOYYEHHUs B cpele
BHUPTYaIIbHOM peaibHOocTH. Oco00e BHUMaHUE yAesSeTCs 3PTOHOMIYECKHIM ITapaMeTpaM — pabodei 1mose, 30He
JOCATaeMOCTH, BU3yaJbHOMY KOMQOPTY, XapakTepy [BW)KEHHH, a Takke (HaKkTopaM, BBI3BIBAIOIINM
KrOepOoJIe3Hb: 3aJepXKKe, BHU3yalIbHO-BECTUOYISIPHOMY KOH(IMKTY W HECTaOWJILHOCTH yria o03opa. Ha
OCHOBE COBPEMEHHBIX HAYYHBIX JaHHBIX CHOPMYJIMPOBAHBI TPAKTUYECKHE PEKOMEHIAIMU  TI0
MPOCKTHPOBAHHUIO TPEHAKEPOB BUPTYAIBHOW pEaNbHOCTH, HAlpaBlieHHbIE Ha TIOBBIIICHHWE YA0OCTBA
WCTIOJIb30BaHNS, CHIDKCHUE YTOMJISIEMOCTH 1 YyUIlIEeHHE Ka4eCTBa yCBOCHHSI HABBIKOB. [l0TyueHHbIE BHIBOJIBI
MTOTYEPKUBAIOT, YTO COTIACOBAHHOCTh KOTHUTHUBHBIX TMOJCKA30K, €CTECTBEHHAsI MEXaHUKa B3aUMOJICHCTBHS U
COONIONICHNE DSPrOHOMHYECKAX CTaHIAPTOB CYMIECTBEHHO IIOBBIIIAIOT KOMGOPT TMOJB30BATENI |
3G PEeKTUBHOCTH O0yUEHHS B CHCTEMAaX BUPTYAIBHOM PEabHOCTH.

KiroueBble ciaoBa: KorHutuBHas Harpys3ka, SProHOMHKa, YIOOCTBO HCIIONB30BaHUS, YEIOBEKO-
OpPHUEHTHPOBAHHBIN JU3aiiH, UMMEPCHBHOE 00ydeHUE, BU3yaIbHBIH KOM(OPT.
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