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Abstract

Virtual reality technology as a new technology allows users to experience a simulated
environment that is similar to a real environment. These systems include different
types of interaction with users; therefore, it is possible to identify the principles and
solutions of producing an interactive virtual environment, especially in the field of
architecture. The importance of creating interaction between the user and the
simulated environment in this area is effective in the better understanding of the users
of the environment and paying attention to the problem under study, as a result of
which we can point to more accurate findings and more valid results. The process of
conducting this research was started by defining the general scope of this research
which is "user interaction in virtual reality environment" and by examining related
keywords, articles were collected in line with this topic and after the final selection, 39
articles were reviewed. Finally, it can be said that virtual reality technology has various
applications in various fields such as construction industry, medicine, education,
maintenance and other fields. Regarding the connection of this technology with
design and architecture as the main concern of this research, this technology increases
cooperation and interaction between the members of the design groups and the
audience through the capabilities of the simulated virtual environment, and this
connection is based on the knowledge of 4 components: 1- users, 2- devices, 3- user
activity and 4- evaluation method, as effective factors in creating an effective
interactive environment in virtual reality technology.
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1. Introduction

Virtual reality environments, which are shaped based on various types of user
interaction, require constant investigation and updates. Although this technology has
long been discussed with different definitions, common terms such as computer-
based generation, digital environment, interaction, and immersion are often
mentioned (Jayaram, Connacher, & Lyons, 1997; Jerald, 2015). Generally, VR can be
defined as a computer-generated, artificial space that aims to replicate real
environments and allow human users to enter and interact with them (Jayaram et al.,
1997; Portman, Natapov, & Fisher-Gewirtzman, 2015).

This virtual environment allows users to become part of the computational system and
engage in various types of interaction. VR can be experienced via personal computer
systems, head-mounted displays, or immersive installations, depending on the desired
level of immersion (Feng, Duives, & Hoogendoorn, 2022; Muhanna, 2015).

The main objective of this study is to identify the core components necessary for
creating an interactive VR environment in architectural contexts. Despite the
increasing use of VR in architecture, a comprehensive framework for achieving a
suitable interactive environment has not yet been presented. By examining VR
applications across various fields and analyzing their outcomes, this study seeks to
benefit from previous experiences to achieve this goal.

2. Virtual Reality in Architecture

Another widely accepted definition of VR describes it as a three-dimensional
computer-generated environment in which users can move and interact in real time
(Yung & Khoo-Lattimore, 2017). The fundamental elements of this definition include
computer-based generation, digital environment, and immersion.

Due to its many advantages, VR has been used in various architectural domains,
including research, education, building maintenance, design processes, and
architectural presentations (Bouchlaghem et al.,, 2005; Wang et al., 2018). It can
simulate construction processes, allowing architects to plan more efficient building
methods and gain a deeper understanding of their designs. Furthermore, VR
facilitates collaboration with engineers and stakeholders across related fields
(Abdelhameed, 2013; Sidani et al., 2021).

Thus, VR proves to be a powerful tool for architects and designers by enabling them
to create immersive, interactive environments that provide others with experiences

unattainable through traditional presentation methods.
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3. Key Indicators Influencing User Interaction in VR Environments

Studies on interactive systems must be examined through the lens of human-

computer interaction (HCI) and user experience (UX). VR systems require

exploration of interaction across three main aspects:

1. Engineering the VR System: This includes components such as users, devices,
and interaction modalities, all of which significantly impact user interaction
(Forlizzi & Battarbee, 2004; Kim et al., 2020).

2. Enhancing Interactive Components: Elements such as sense of presence,
immersion, and engagement are key to VR systems. High levels of immersion and
presence usually result in better user performance (Schuemie et al., 2001; Takatalo
et al., 2008). However, these components vary depending on the research context.

3. Minimizing Side Effects: Issues such as simulator sickness, posture instability,
psychomotor control, perceptual judgment, concentration, stress, and ergonomic
concerns need to be addressed (Cobb et al., 1999). Developers must identify and
mitigate any negative side effects (Jerald, 2018).

Traditional classifications of VR systems based on immersion levels—non-immersive,

semi-immersive, and fully immersive—are limited and mainly focus on visual display

features. However, immersion also depends on other elements like interaction

methods, context, and user characteristics (Kim et al., 2020).

4. Categorization of Interaction Factors
Interaction factors in interactive systems can be categorized from three perspectives:
¢ Product-oriented
e User-oriented
e Interaction-oriented
(Forlizzi & Battarbee, 2004)

According to the user experience (UX) model, four features influence interaction

components:
1. System
2. User
3. Task
4. Context

These features impact instrumental and non-instrumental qualities (Thiiring &
Mahlke, 2007). Therefore, in VR systems, they are considered primary influencers on

user experience. Additionally, the method of UX evaluation must align with research



goals and interaction components. If systems are similar but evaluation methods
differ, data interpretations may vary.

According to Kim et al. (2020), the four main components for UX evaluation in VR
systems are:

1. Users

2. Devices

3. User Activities

4. Evaluation Method

5. Research Methodology

This study uses a meta-analysis approach, which systematically investigates a specific
domain using defined protocols for data selection and integration. Library research
was used to collect data. Initially, 75 relevant articles were collected using keywords
like "virtual reality”, "VR", "user experience", and "interaction". After screening, 39

high-quality studies were selected.
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Chart 1: Most frequent keywords in reviewed studies
Based on selected articles, the findings were synthesized and related to architectural

applications.
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Figure 1: Research framework and methodology overview

6. Criteria for Article Selection

Only peer-reviewed journal articles and influential theoretical books (in English) were
selected. Reports, news items, and theses were excluded. Articles were chosen based
on:

e Relevance to VR environments

o Use of key terms (e.g., VR, user interaction, UX)

e Coverage across fields such as healthcare, design, education, maintenance
Databases used included: Scopus, Web of Science, ScienceDirect, IEEE Xplore,
EBSCO, ProQuest, etc.

7. Findings

7.1 Role of Users in VR Interaction

Participants ranged from 10 to 90 years old, with the majority between 10-20 years.
Some studies did not report age data, grouped under “no information” in Chart 2.
Physically, most participants were healthy; a few had mobility issues, mostly in
medical-related studies. Elderly participants were often used in therapy-related

research.
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Chart 2: Age range of participants in studies

7.2 Role of Devices in VR Interaction
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Chart 3: Input devices with/without manual control

Studies used both types. When manual controls were not used, head tracking was

most common, along with other motion-based inputs like:
e  Body posture analysis (Brade et al., 2017)

e Eye-tracking (Vinnikov et al., 2017)

e  Voice recognition (Pick et al., 2016)

e  Pressure-sensitive devices like omnidirectional treadmills
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Chart 4: Output feedback types
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Visual feedback was most used, followed by haptic feedback (e.g., wind simulation,

vibrations), and in rare cases, olfactory feedback to enhance immersion (Baus &
Bouchard, 2017).

7.3 Role of User Activity in VR Interaction

Charts 5, 6, and 7 classify user activities by:

e  Number of users (single/multi-user)

e Body posture (standing/sitting)

e Assigned tasks (interactive/passive)

Most studies involved single users. Standing posture allowed greater freedom and

better environmental understanding (Anton et al., 2018; de Jesus Oliveira et al., 2018).
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Chart 8: Common application areas of VR systems include:

7.4 Role of Evaluation Methods

Most studies used subjective and quantitative evaluation methods (e.g.,
questionnaires). Very few relied solely on objective measurements. This indicates the
focus on subjective experiences such as presence and immersion.

Most common environments for testing were laboratories.

Most systems were functional prototypes, while a few used commercial VR content
and devices.

No studies performed evaluation during or before the VR experience; all assessments

were post-experience

8. Conclusion

This meta-analysis reviewed VR systems and their applications, aiming to connect
them with architectural practice by identifying effective interaction components.
Architecture, with its various academic and professional branches, has immense
potential for VR use, especially in:

e Reducing time and labor

e  Saving costs and materials

e Improving decision-making before actual construction

In academic fields, VR can validate hypotheses with greater accuracy. In design and
implementation, VR fosters collaboration among teams and helps detect unseen flaws
before execution.

To create an interactive VR environment in architecture, the following steps are
essential:

1. Define the goal of using VR

2. Select appropriate users (informed participants increase interaction quality)
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Engineer the right devices to match the desired level of immersion

3

4. Assign meaningful tasks aligned with the research purpose

5. Use effective evaluation methods, preferably post-experience

6. Analyze data correctly, especially when combining methods or devices

In architecture, VR can be applied to:

e  Construction

e Research

e Education

e Maintenance

e Navigation

e  Virtual tours

e Simulation of research models

While the four core components (users, devices, activities, evaluation) guide
interaction, further study is needed, particularly in optimizing input/output device

configurations and enhancing realism.
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? Computer-generated
? Digital environment
* Interaction

> Immersion
® HMD (Head Mounted Display)

7 Cave Automatic Virtual Environment (CAVE)

8 Architecture, Engineering, and Construction (AEC)
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2 Product-centric
3 User-centric
* Interaction-centric

> Components of User Experience (CUE)
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