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HUMAN-COMPUTER INTERACTION IN VIRTUAL REALITY  

ENVIRONMENTS FOR EDUCATIONAL AND BUSINESS PURPOSES 
 

Abstract. This paper examines the integration of Human-Computer Interaction (HCI) in Virtual Reality 

(VR) environments, with a focus on its application in educational and business domains. It explores the 

transformative potential of VR in enhancing user interface design, optimizing user experience, and 

integrating advanced technologies like natural language processing and gesture recognition. The 

research highlights VR's efficacy in improving learning outcomes and operational efficiencies, 

demonstrating significant advancements in immersive and intuitive interaction within virtual settings. The 

study underscores the critical role of user-centered design in VR systems and the impact of integrating 

natural language processing and gesture recognition technologies in creating more natural and intuitive 

user interactions. Through comprehensive analysis and case studies, the paper presents the latest 

developments in VR technology and its application, offering insights into the future of immersive digital 

environments in education and business sectors. 
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Relevance and Problem Statement 

To expand on the relevance and problem statement 

of Virtual Reality (VR) in human-computer interaction 

(HCI) for educational and business purposes, it is 

crucial to delve deeper into the specific challenges and 

advancements in this field. The integration of VR in 

various sectors has prompted extensive research into 

improving user interfaces, enhancing user experience, 

and incorporating advanced technologies like natural 

language processing and gesture recognition. 

The design of user interfaces in VR environments 

is crucial for effective human-computer interaction. 

Researchers like Y. Liu have explored the integration of 

VR in educational settings, emphasizing the importance 

of intuitive design that caters to the dissemination of 

cultural education [7]. The challenge lies in creating 

interfaces that are both user-friendly and capable of 

delivering complex information in an immersive format. 

The user experience in VR is a primary focus of 

research to ensure engagement and efficiency. Studies 

like those by J. Tang et al. investigate how VR can 

enhance learning and operational processes in fields 

ranging from education to entertainment [15]. The user 

experience is influenced by the quality of interaction, 

the realism of the VR environment, and the ease with 

which users can navigate and perform tasks within these 

virtual spaces. 

The application of advanced technologies such as 

natural language processing and gesture recognition in 

VR systems is another area of significant research. 

These technologies aim to make interactions within VR 

environments more intuitive and natural, mirroring real-

world interactions. Z. Chu et al. have studied the use of 

Brain Computer Interfaces in VR, which exemplifies the 

trend towards more immersive and user-responsive 

environments [4]. 

The exploration of HCI in VR for educational and 

business purposes is a dynamic and evolving field, with 

ongoing research addressing the complex interplay of 

technology, user experience, and application contexts. 

The future of VR in these sectors appears promising, 

with the potential to offer more immersive, intuitive, 

and effective interactive experiences. 

The aim of the paper 

The aim of this paper is to critically evaluate the 

dynamics of human-computer interaction (HCI) within 

virtual reality (VR) environments, focusing on their 

application in educational and business spheres. It seeks 

to identify the key challenges and opportunities 

presented by VR technologies in enhancing user 

interface design, optimizing user experience, and 

integrating advanced interaction technologies such as 

natural language processing and gesture recognition. 

The paper aims to provide a comprehensive analysis of 

current research trends, technological advancements, 

and practical implementations of VR in these domains. 

Through this examination, the paper endeavors to offer 

insights into how VR can be leveraged to foster more 
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intuitive, engaging, and effective HCI, thereby driving 

innovation and improving outcomes in educational and 

business contexts. 

The main research materials 

User interface design 

The design of user interfaces (UI) in virtual reality 

(VR) represents a critical aspect of human-computer 

interaction (HCI), with far-reaching implications for 

both educational and business applications. A well-

designed VR UI facilitates intuitive navigation, 

enhances user engagement, and improves learning 

outcomes, thereby underpinning the overall 

effectiveness of VR experiences. 

Table 1 includes an indication of the authors of 

scientific papers and their contributions to the study of 

human-computer interaction in virtual reality for 

educational and business purposes. 

The effectiveness of different interfaces in VR 

environments has been tested extensively. Studies like 

those by A. Smagur and K. Nowak have shown that 

users can quickly adapt to VR interfaces, such as Oculus 

Rift paired with Leap Motion, enabling efficient 

interaction within virtual urban spaces without the need 

for extensive tutoring [14]. This rapid adaptability 

underscores the importance of intuitive UI design in 

VR, which can significantly reduce the learning curve 

and enhance user engagement. 

Following the discussion on interface effectiveness 

in VR environments, it's pertinent to consider the visual 

presentation of such interfaces within the context of real 

and modeled locations [16]. For Figure 1, which might 

compare a real picture of a location with its virtual 

model render, the eyeliner, or graphical overlay, would 

serve several functions. 

The eyeliner would highlight the fidelity of the 

virtual model in replicating the real-world environment. 

It would draw attention to key similarities and 

differences, such as the accuracy of spatial proportions, 

the realism of textures and lighting, and the presence of 

interactive elements within the virtual space that 

correspond to their physical counterparts [8]. 

In the real picture, the eyeliner could underscore 

specific areas or features that have been effectively 

captured in the virtual model [5]. It might delineate 

architectural details, layout configurations, and 

environmental context to provide a direct comparison to 

the virtual render. 

Conversely, in the render of the modeled location, 

the eyeliner would be used to showcase the interactive 

components of the VR interface. It could point out 

where gesture recognition zones are located, how user 

pathways are designed, and where information hotspots 

appear within the virtual urban space. 

Table 1 – HCI in VR Research Contribution Table 

№ Authors Contribution Description 

1 S. Shen [12] 
Explored VR in mechanical manufacturing education, highlighting its 

effectiveness in enhancing learning and engagement. 

2 L. Bhardwaj [2] 
Investigated personalized experiences in retail through VR and AR 

technologies, enhancing customer decision-making. 

3 Z. Chen, and J. Zhong [3] 
Analyzed VR's impact on marketing, showing its potential to 

improve user engagement and brand loyalty. 

4 
S. R. Sabbella, S. Kaszuba, F. 

Leotta, F., and D. Nardi [9] 

Examined how VR technology can improve gesture recognition in 

Human-Robot Interaction, enhancing user experience. 

5 
M. Hudák, B. Sobota, and  Š. 

Korečko [6] 

Demonstrated the integration of NLP and gesture recognition in VR 

to improve user interaction and immersion. 

6 X. Shao, X. Wei, and S. Liu [11] 
Integrated gesture recognition technology into VR for virtual 

assembly in aircraft manufacturing, improving precision. 

7 

A. Vaitkevičius, M. Taroza, T. 

Blažauskas, R. Damaševičius, R. 

Maskeliūnas, and M. Woźniak [17] 

Discussed the use of Leap Motion in VR for recognizing American 

Sign Language gestures, aiding communication. 

8 F. Zhang [20] 
Explored gesture feature extraction methods and recognition in VR, 

enhancing user interaction accuracy. 

9 
J. Schioppo, Z. Meyer, D. Fabiano, 

and S. J. Canavan [10] 

Integrated sign language recognition in VR, promoting inclusive 

communication within virtual environments. 

10 Y. Yan, M. Chen, and X. Cao [18] 
Researched 3D gesture recognition in VR for virtual maintenance 

training, achieving high recognition rates. 

11 
S. Simmons, K. Clark, A. 

Tavakkoli, and D. Loffredo [13] 

Focused on sensory fusion and intent recognition in VR for accurate 

gesture recognition, enhancing user interaction. 

12 
F. Argelaguet, M. Ducoffe, A. 

Lécuyer, and R. Gribonval [1] 

Proposed a 3D gesture recognition algorithm based on sparse 

representation, improving spatial and rotation invariance. 
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Figure 1 – Real picture of location used  

and render of modeled location 

 

The work of T. Yang et al. in applying VR to user-

centered design in healthcare [19] introduces an 

innovative approach that could revolutionize 

architectural design and patient care. It exemplifies the 

concept that VR can serve as a powerful tool for 

empathetic and user-centric development, allowing 

designers to inhabit the perspectives of end-users like 

stroke survivors. Scientifically, this emphasizes the 

potential of VR in developing environments that are not 

only functional but also emotionally supportive and 

healing. 

In summary, the user interface design in VR is 

pivotal in shaping user experience and engagement. 

Research and development in this area continue to 

evolve, with a strong focus on creating more intuitive, 

immersive, and interactive interfaces. These 

advancements not only enhance the usability of VR 

systems but also unlock new possibilities for their 

application in various domains, including education, 

business, and healthcare. 

User experience optimization 

To enhance the user experience in Virtual Reality 

(VR) for educational and business applications, it's 

essential to understand and address the various elements 

that contribute to a seamless and engaging user journey. 

The optimization of user experience in VR not only 

involves technical aspects like interface design and 

system responsiveness but also encompasses the broader 

context of user interaction, content relevance, and 

emotional engagement. 

In the educational sector, VR's potential to 

transform traditional learning environments into 

interactive and immersive experiences has been widely 

acknowledged. S. Shen's research demonstrates the 

effectiveness of VR in mechanical manufacturing 

education, achieving high task completion and user 

satisfaction rates, thus proving its value as an impactful 

educational tool [12]. This immersive approach not only 

increases student engagement but also enhances the 

understanding of complex concepts through practical 

simulation and interaction, bridging the gap between 

theoretical knowledge and practical application. 

In the realm of business, particularly retail, L. 

Bhardwaj's work emphasizes the significance of 

personalized experiences facilitated by VR and 

augmented reality (AR) technologies. By integrating 

advanced machine learning algorithms, businesses can 

tailor their services to individual preferences, enhancing 

customer satisfaction and decision-making processes. 

This level of personalization in VR environments 

fosters a more intimate and engaging user experience, 

encouraging repeat engagement and loyalty [2]. 

The role of VR in marketing strategies is 

increasingly critical, as Z. Chen and J. Zhong's research 

indicates. VR marketing leverages immersive 

experiences to deepen user engagement, improve 

memory retention, and foster emotional connections 

with the brand. This immersive marketing approach not 

only captivates users but also enhances the effectiveness 

of advertising campaigns, leading to higher conversion 

rates and brand loyalty [3]. 

The optimization of user experience in VR also 

relies heavily on user-centered design and continuous 

feedback mechanisms. Incorporating user feedback into 

the iterative design process ensures that VR applications 

remain relevant, user-friendly, and aligned with user 

expectations. This approach fosters a more intuitive and 

satisfying user experience, encouraging prolonged 

engagement and interaction within the VR environment. 

Beyond technical and design considerations, 

emotional engagement plays a crucial role in user 

experience optimization. Crafting compelling narratives 

and emotionally resonant content within VR 

environments can significantly enhance the user's 

emotional connection and investment in the experience. 

This aspect of storytelling and emotional design in VR 

not only enriches the user journey but also amplifies the 

overall impact and memorability of the experience. 

In conclusion, optimizing user experience in VR 

for educational and business purposes involves a 

comprehensive approach that integrates technical 
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excellence with immersive content, personalized 

experiences, and emotional engagement. By addressing 

these key factors, VR can effectively enhance learning, 

improve business outcomes, and create deeply engaging 

and satisfying user experiences. 

The integration of natural language processing and 

gesture recognition technologies in VR systems 

To enhance the user experience Integrating natural 

language processing (NLP) and gesture recognition 

technologies into virtual reality (VR) systems enhances 

user interaction and immersion, creating more natural 

and intuitive control mechanisms. These technologies, 

when combined, facilitate a seamless interaction 

between users and virtual environments, fostering an 

enriched, immersive experience. 

In conclusion, the integration of NLP and gesture 

recognition technologies in VR systems represents a 

significant advancement in HCI. It not only enhances 

the naturalness and intuitiveness of user interactions in 

virtual environments but also expands the capabilities of 

VR applications in education, business, communication, 

and training. This synergy of technologies continues to 

push the boundaries of what is possible in VR, 

promising even more immersive and interactive 

experiences in the future. 

VR-HCI Integration Model for  

Educational and Business Applications 

To represent the integration of Human-Computer 

Interaction (HCI) in Virtual Reality (VR) environments, 

particularly for educational and business applications, 

we can develop a model that illustrates the key 

components and their interrelations. Here’s a conceptual 

model that can be graphically illustrated in Fig. 2. 

 
Figure 2 – Conceptual Design of VR-HCI Integration Model 

for Educational and Business Applications 

The «VR-HCI Integration Model for Educational 

and Business Applications» represents the interplay 

between different elements that contribute to the 

effective use of Virtual Reality (VR) technology, 

focusing on the enhancement of Human-Computer 

Interaction (HCI) within VR environments. 

At the center of the model is the «VR Technology 

Core», indicating that this is the foundational element 

upon which all other aspects are built. It signifies the 

hardware and software that make up the VR system, 

including headsets, sensors, processors, and VR 

platforms. 

Surrounding the core are five interrelated 

components: 

− HCI in VR. Placed directly around the VR 

Technology Core, emphasizing its role as the immediate 

layer that facilitates the interaction between the user and 

the VR system. It represents methods and practices that 

make VR environments accessible and navigable. 

− User Interface Design. Adjacent to HCI in 

VR, this element focuses on the visual and interaction 

design aspects within VR environments. It ensures that 

the user can interact with the VR system efficiently and 

comfortably. 

− User Experience Optimization. This 

component is concerned with refining the user's journey 

within the VR environment to maximize satisfaction, 

engagement, and usability. It includes optimizing the 

interface, content, and system performance to cater to 

user needs and preferences. 

− Advanced Interaction Technologies. This 

element represents the integration of cutting-edge 

technologies such as NLP and gesture recognition into 

VR systems. These technologies enable more 

sophisticated interactions, such as understanding user 

speech and translating user gestures into commands 

within the virtual environment. 

− Applications in Education and Business. The 

outermost component illustrates the practical 

applications of VR technology, specifically in 

educational and business settings. It encompasses the 

use of VR for training, simulations, marketing, and 

other domain-specific applications, showing the real-

world impact and benefits of VR. 

Each component is interconnected, with 

bidirectional influences suggesting that improvements 

in one area can enhance the others. For instance, 

advances in «Advanced Interaction Technologies» can 

lead to better «User Experience Optimization», which in 

turn relies on robust «User Interface Design» principles, 

all within the realm of «HCI in VR», ultimately 

contributing to effective «Applications in Education and 

Business». 

VR 
TECHNOLOGY 

CORE

HCI in VR

User 
Experience 

Optimization

Applications 
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and Business
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Interaction 

Technologies

User Interface 
Design



Управління розвитком складних систем (57 – 2024) ISSN 2219-5300 

116 

The model visually communicates the layered and 

holistic approach to integrating HCI principles in VR 

technology development and application, emphasizing 

the centrality of the user experience in driving the 

adoption and success of VR solutions in various 

domains. 

Conclusions 

Key elements and findings of the research on 

Human-Computer Interaction in Virtual Reality 

environments for educational and business purposes 

include: 

1) Research has shown that intuitive and user-

friendly interfaces in VR can significantly enhance 

learning and operational efficiencies. Studies like those 

by S. Shen demonstrated high task completion and user 

satisfaction rates, proving the effectiveness of VR in 

educational settings. 

2) VR's immersive nature has been found to 

deepen user engagement and improve learning 

outcomes, with applications like those discussed by L. 

Bhardwaj personalizing the retail experience and Z. 

Chen and J. Zhong enhancing marketing strategies 

through immersive experiences. 

3) The incorporation of natural language 

processing and gesture recognition in VR systems has 

been identified as a game-changer, improving the 

intuitiveness and naturalness of interactions within VR 

environments. S. R. Sabbella et al. and M. Hudák et al. 

have shown how these technologies can enhance 

human-robot interactions and cognitive training. 

4) While VR offers immense potential for 

transforming educational and business applications, 

challenges such as technical limitations, integration 

complexity, and user adaptation remain. However, 

continuous advancements in VR technology are 

progressively overcoming these obstacles, paving the 

way for more sophisticated and user-centric VR 

systems. 

5) VR's role in enhancing HCI for educational and 

business applications is undeniable, with significant 

strides being made in interface design, user experience, 

and technology integration. The continuous evolution of 

VR technology promises even greater advancements, 

suggesting a future where immersive virtual 

environments become a standard in education and 

business processes. 

 ____________________________________________________________________________________________  
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ВЗАЄМОДІЯ ЛЮДИНА – КОМП’ЮТЕР У СЕРЕДОВИЩІ ВІРТУАЛЬНОЇ РЕАЛЬНОСТІ  

ДЛЯ НАВЧАЛЬНИХ ТА ДІЛОВИХ ЦІЛЕЙ 

 

Анотація. Розглянуто інтеграцію взаємодії людини з комп’ютером (HCI) у середовищі віртуальної реальності 

(VR) з акцентом на його застосування в освітніх і бізнес-сферах. Він досліджує трансформаційний потенціал VR у 

покращенні дизайну інтерфейсу користувача, оптимізації взаємодії з користувачем та інтеграції передових 

технологій, таких як обробка природної мови та розпізнавання жестів. Дослідження підкреслює ефективність VR у 

покращенні результатів навчання та операційної ефективності, демонструючи значний прогрес у захоплюючій та 

інтуїтивно зрозумілій взаємодії у віртуальних середовищах. Дослідження підкреслює критичну роль дизайну, 

орієнтованого на користувача, у системах віртуальної реальності і вплив інтеграції технологій обробки природної 

мови і розпізнавання жестів у створенні більш природної та інтуїтивно зрозумілої взаємодії користувача. Завдяки 

всебічному аналізу і тематичним дослідженням у статті представлено останні розробки в технології VR та її 

застосування, запропоновано розуміння майбутнього захоплюючого цифрового середовища в освіті та бізнес-секторах. 

 

Ключові слова: віртуальна реальність (VR); взаємодія людина – комп’ютер (HCI); інтерфейс користувача (UI); 

досвід користувача (UX) 

______________________________________________________________________________________________________  

 

Link to the publication 

 

APA Li, Tao. (2024). Human-computer interaction in virtual reality environments for educational and business 

purposes. Management of Development of Complex Systems, 57, 112–117, dx.doi.org\10.32347/2412-

9933.2024.57.112-117. 

ДСТУ Лі Tao. Взаємодія людина – комп’ютер у середовищі віртуальної реальності для навчальних та ділових 

цілей. Управління розвитком складних систем. Київ, 2024. № 57. С. 112 – 117, dx.doi.org\10.32347/2412-

9933.2024.57.112-117. 

 

https://doi.org/10.1109/eki61071.2023.00018
https://doi.org/10.1007/978-3-030-03801-4_22
https://doi.org/10.54254/2755-2721/42/20230778
https://doi.org/10.32347/2412-9933.2023.56.97-104
https://doi.org/10.3390/APP9030445
https://doi.org/10.1145/3290420.3290423
https://doi.org/10.3390/buildings14030797
https://doi.org/10.1177/1064804620924133

