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Abstract: Urban planning and design research reveal the significance of virtual reality (VR) as a visualization tool in 

exploring user experience. This article used two public spaces of two Egyptian universities as a case study on the 

efficiency of VR in understanding user experiences. We randomly examine the urban studies literature to identify the 

essential elements that should be conveyed. Using a conventional method and a VR headset, 150 participants viewed the 

design and answered a questionnaire. From the descriptive and analytical analysis of the results, the findings reflect the 

participants’ perspective when comparing the virtual reality method with the traditional way. The results also demonstrate 

that VR improves understanding of users’ experiences while moving through urban forms. The concluding remarks shed 

light on how the VR tool can be used to understand urban planning and designs. 
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1. INTRODUCTION 

Information communication technologies (ICTs) have 

become more involved in our daily lives. The 2030 

Agenda for sustainable development demonstrated that 

ICT had become a tool to encourage socio-economic 

development [1]. Hence, it is significant to combine the new 

technologies and methods used in civic participation [2]–

[5]to encourage citizens to participate in urban 

development. Research conducted many initiatives to 

discover a technological technique to improve the urban 

participatory process. The visualization techniques 

generated the most exciting responses [4]. 

Many alternative methods are available for 

investigating the gap between users’ and designers’ 

preferences. A solution to this gap is proposed in previous 

studies about European and US cities [14], [16], [17]. 

Grounded research orients the knowledge toward 

investigating the users’ preferences from one side and 

designers’ thinking and acting on the other [18]–[20]. 

However, it is interesting whether the gap between these 

two sides still holds.   

This research tackles the challenge in Egypt’s 

urban spaces that become no longer attractive to the 

people and does not fit their needs after the growth of 

digital technologies. Moreover, there is a 

miscommunication between citizens and urban designers. 

The designer still uses old techniques to represent urban 

ideas, such as two-dimensional plans, maps, and three-

dimensional simulated images. These tools are ineffective 

in transferring the design ideas to the users, and it’s 

difficult for them to understand the design from these 

techniques, especially for users with no educational 

background or outside the architecture field. So, the urban 

spaces are designed based on the previous design 

experience or according to the architect’s analysis and 

understanding of the user’s needs and behavior. Leaving 

decision-making to the designers alone would have many 

consequences; therefore, a partnership between them is 

necessary. The current research aims to minimize the gap 

between participants and designers in the design process. 

The purpose here is threefold. This study aims first to use 

novel urban design communication methods adapted to 

the new social, technological, and spatial context in which 

we live. Second, this paper investigates the effectiveness 

of the VR method in understanding the implementation of 

urban design in Cairo. Third, this study examines the 

efficacy of VR compared to traditional methods to 

determine if VR complements or substitutes the 

conventional approach. 

https://orcid.org/0000-0003-2315-9850
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2. THEORETICAL BACKGROUND 

Previous literature has shown that the participatory 

process applies the citizen-centric approach. It is one of 

the significant features in achieving a successful 

sustainable urban development[18]–[20], and it also plays 

a vital role in creating smart cities, as it allows users to 

feel more involved in developing their country[2], [19]. 

Additionally, it improves the transparency democratic 

decision-making process[2], [3], [19], [21]. Therefore, 

this process can help the organizations to cope with the 

problems, know about residents 'welfare and thoughts[2], 

and create more creative and new concepts, to improve 

urban quality[20]. 

Several questions regarding the contribution of VR 

methods to the design of public spaces remain to be 

addressed. Integrating VR into the planning process has 

many benefits. It increases the overall quantity quality 

and allows the diversity of participation, as it attracts the 

younger generations to participate in the planning 

projects[5], [22]. VR has been verified as an appropriate 

technical means to improve public motivation and 

satisfaction in urban decision-making [23]–[25]. 

Moreover, a study suggests that VR could be more 

effective on women than on men in enhancing their 

participation[26]. 

VR offers participants a high level of involvement, 

translocation, concentration and presence than laptops 

[27], as the participants no longer look via a screen but 

become part of the virtual world[28], as they are 

surrounded by data in 3-dimensional (3D) models[8], 

[27]. Therefore, it allows partakers to see in an immersive 

way the changes and actions that occur in the 

environment [4] and enable them to give comments and 

ideas for modifications [22], [27].  

The VR method improves memory recall as it 

helps the participants to remember more elements of the 

proposed design than people who viewed the design on 

computer screens [22], [27], [29]. Moreover, memory 

recall increased by 50% from 2D video to 3D IVR [22]. 

However, immersion was not effective regarding the 

recall accuracy, as there was no difference in the recall 

accuracy between the two devices [27].  

In a study held by Kim (2005), he identifies that 

the 3D simulation tool delivers better data to the 

participants in most questions than the 2D method. He 

affirms that the only questions that show no difference 

between the two methods are; the ground slope changes, 

main location entrance, different species of the tree, 

location of water features, and benches [30]. Another 

study sustains that estimating the approximate 

measurements of the elements expressed by the traditional 

methods was more accurate than the VR method [31]. 

A study works on the perceived visual quality 

between VR, AR, and traditional methods. The findings 

indicate that the recognition of the color and texture was 

better in the VR method than in a conventional way. Also, 

VR and AR introduce the colours and textures more 

realistic and vividly [32]. 

A previous study found that the level of public 

interaction increased by the IVR simulations, as the 

number of comments and questions made by the 

participants after viewing the proposals by 3D IVR 

increased by 271% and 55%, respectively, as compared to 

2D video. Additionally, the emotional responses increased 

by 60% from 2D video to 3D IVR. Many participants 

documented that the IVR had a better ability to allow 

them to engage with their surroundings, understand the 

human scale, and facilitate navigability of the design 

proposals than the traditional methods [22]. 

Calderon-Hernandez et al. (2019) perform a 

comparative analysis between the 2-dimensional and VR 

methods of the same structure to measure the academic 

performance of the users in two ways[33]. A previous 

case study measures the effectiveness of using the VR 

method in the public participation process in redesigning 

public parks and compares it to the point of the 2D 

method[25]. A study examined the VR method in the 

architectural competition’s evaluations of urban 

mobility[15], [34]. VR was read as a teaching method in 

the courses related to urban design[24].  

Jiang et al. (2017) developed a study using additional 

sensory stimuli to the online VR simulation of Piazza 

Vittoria in Naples, Italy. They allowed participants to 

examine the urban sound environment, thus creating a 

natural, immersive environment and encouraging public 

participation[35]. An earlier experiment created a bridge 

crossing a highway in Ghent, Belgium, using a VR tool to 

determine how sound and visuals affected humans[36]. 

The analysis of these previous studies indicates that VR 

presented a more engaging and interactive environment 

and improved the understanding of an architectural 

project. 

A further question is whether the traditional methods 

investigate the pros and cons of conventional and VR 

methods in the design process of public spaces in Egypt.  

This study offers a test VR in the Egyptian context and 

answers the research question. A systematic and 

theoretical analysis is required to investigate the 

difference between the two methods in urban literature. 

 

3. METHODS AND MATERIALS 

To achieve the research goals, primary and secondary 

data were collected from various sources. The preliminary 
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data follows the quantitative approach collected from the 

questionnaire; to compare the participant’s responses after 

using the traditional and virtual reality methods. The 

secondary data was collected through different types of 

documents and earlier researchers. Moreover, the results 

follow the descriptive and analytical approaches. 

Questionnaire1was designed using the interface 

powered by Google Forms. It consists of four parts. The 

first part is the personal information. The second part 

aims to measure the quality of the visual presentation of 

the design in terms of the colour and texture of the 

material. The third part measures participants’ level of 

understandability of the invention, their sense of place, 

and their level of interaction. Finally, the fourth part aims 

to measure participants’ cognition. While in the survey 

taken after viewing the design with a VR headset, there is 

an extended part to identify which visualization method is 

preferred by participants when presenting the plans to 

motivate public participation in the urban process to 

improve the cooperative work between planners and 

users.  

The questionnaire was started from the 26th of 

September 2021 to the 26th of October 2021. The sample 

size has been calculated using the following equation[37]: 

𝑛 =
𝑧2𝑝(1−𝑃)

𝑑^2
                           (1) 

Where: 

n is the sample size,  

d is the adequate margin of error,  

Z is the level of confidence which is most often equal to 

95% and 1.96, and  

P is the estimated number of the population. 

This research used a random sampling 

size.This type has the greatest freedom from bias. 

Moreover, the arbitrary sampling size gives an equal 

probability of 

inclusion in the sample for the population [38]. 

Therefore, the survey targeted participants from different 

disciplines. The experiment was held in the faculty of 

`medicine at Ain Shams University, in the HeliolidoClub, 

Modern University for Technology and Information 

(MTI), and in the Egyptian Atomic Energy Authority 

(EAEA).  

   A total number of 150 participants took part in the 

experiment. We divided them into two groups to prevent 

biases and to have an accurate result. Each group was 

exposed to two different designs and two other 

                                                           
1The questionnaire questions can be reached using the 

link: https://forms.gle/vgkDJUFirbHjn4yJ6, 

https://forms.gle/qA5SkX58z4vE1BKD9 

presentation methods (Table 1). The research was 

composed of 67 males and 83 females. There were 65 

architects (30 males and 35 females) and 85 from other 

disciplines (37 males and 48 females). 

 
Fig1: Some pictures of BUE that were presented to the 

participants using the traditional method 

Group A consist of 71 participants; the urban space 

design of The British University in Egypt (BUE) is 

presented to them with the traditional method(Fig. 1), and 

then the urban space design of Ain shams University is 

presented to them with the 3D VR headset. Moreover, 66 

were aged 20 to 25, 51 participants were aged 26 to 35, 

and 33 were above 35. While Group B consisted of 79 

participants, the presentation methods were switched, as 

they viewed the Ain shams urban space in the traditional 

way 

Fig. 2, and BUE urban space with the VR headset. 

After each presentation method, the participants were 

asked to answer the survey so that each participant 

answered questionnaire twice.  

 
Fig 2 :Some pictures of Ain Shams University that were 

presented to the participants (traditional method) 

 

https://forms.gle/qA5SkX58z4vE1BKD9
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TABLE 1: Classification of groups 

Respondent Group No. of participants Design Method 

Group A 71 BUE Traditional 

ASU 3D VR headset 

Group B 79 ASU Traditional 

BUE 3D VR headset 

4. RESULTS 

At the end of the study, we delivered two questionnaires 

from the 150 participants after viewing the designs using 

the traditional method (Group 1) and the VR headset 

method (Group 2). Then the data was collected from the 

two groups and analysed by correlation matrix using the 

SPSS to determine whether there was a difference 

between the two techniques. The correlation matrix 

revealed that there is a significant positive correlation 

between the two methods in the questions that related to 

the quality of the visual presentation and some questions 

that related to the level of understanding, such as the 

boundary of the site, ground slope changes, sizes of the 

buildings, heights of the existing buildings, and locations 

of the main entrance of the buildings.  

Moreover, The locations of pedestrian entrances to 

the place, the number of stories of surrounding buildings, 

trees, species of trees, and the sites of green areas. 

Additionally, the questions that measure the sensitivity of 

the place by the approximate measurements of urban 

space and the width of the pedestrian path. Finally, the 

question measures the level of interaction of the 

participants, and the statement measures the efficiency of 

the techniques. This positive correlation means no 

difference in these points between the two presentation 

methods. 

There are eight questions out of 25 questions that are 

selected to be statistically analysed. These questions 

didn’t show a significant correlation difference between 

the two techniques. This means that the two presentation 

methods differ in understanding these points. These 

questions are related to the level of understanding of the 

ground slope changes in the site, the place of water 

features and benches and how the space looks in reality. 

Moreover, the question that measures the area's 

sensitivityindicates the approximate measurements of the 

courts and flower box size. Additionally, the questions 

measure memory recall, free recall and recall accuracy. 

The results in Fig. 1indicate that viewing the 

design through the VR method is better for understanding 

the location of the water features (Q.15), benches (Q.16), 

and how the space looks in reality (Q.17). While the 

traditional method is better in understanding the changes 

of the slopes in the ground (Q.6).Comparing the responses 

of the users in the two approaches, using student t-test for 

evaluating the significant difference (two-tailed) which 

obtained below the standard threshold of 0.05. The results 

show asubstantial difference in Q.15, 16, and 17. 

Examining the results of the questions that 

measure the user’s sense of the place by asking about the 

approximate sizes of the benches and flower box. (Table 

2) illustrate that the results in Q.19 show no difference 

between the two techniques. However, Q.20 indicates that 

the traditional method is better than the VR method in 

identifying the approximate size of the flower box. By 

applying the student T-test to find if there is any 

significant difference between the two methods or not, we 

found that there is a substantial difference in the Q.20. 

 

Fig3: Results of the two methods 

TABLE2: The percentage of the estimated dimensions 

 Traditional method VR method 

Near real Far away Not identified Near real Far away Not identified 

Benches (Q.19) 48% 35% 16% 48% 30% 21% 

Flower box (Q.20) 60% 20% 20% 34% 32% 34% 
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To measure the participants' cognition levels, we used 

two different ways. First(Q.23) was the free recall, where 

participants were asked to write down the elements they 

remembered from the design. The results statistically and 

by counting the number of factors listed by the 

participants revealed that those who viewed the design 

through the VR method remembered more features and 

details than those who used the conventional method. The 

second (Q.24) was recall accuracy, measured by showing 

participants seven pictures and asking them to choose 

what they thought existed in the design. Fig.5shows that 

the number of participants who got the four images right 

increased in the group with the VR method. Comparing 

results using the student T-test indicates a significant 

difference in free recall and recall accuracy. This affirms 

that the VR method increased the participants' cognition 

level in the planning scenarios compared to the 

conventional method. 

Results display a significant correlation in the 

conventional group between gender and questions that 

measure the perceived quality of the visual presentation 

(Q.2 to Q.4)and the questions that recognize the level of 

understanding of the design (Q.5, Q.7 to Q.10, Q.13, 14, 

16, 17). Additionally, the questions measure the sense of 

the place (Q.18, 19), the level of interaction, and the 

efficiency of the techniques (Q.22, 25,respectively).The 

females were superior to males in all questions except 

Q.18 and Q.22. However, there was no significant 

correlation between gender and these questions when the 

users viewed the designs through virtual reality. Still, 

there was a slight difference between the responses of the 

females and males, where the males were better.  

 
Fig4: Recall the accuracy of the participants in the two methods 

In the present study, we found that in Q.10, there 

was no significant correlation with age in the traditional 

method group. In contrast, in the virtual reality group, 

there was a significant correlation with age, where the 

younger participants were more understanding than the 

adults. On the other hand, Q.15 and Q.20 show a 

significant correlation with age in the traditional method 

group. In contrast, there was no correlation with age in the 

group VR method. There was a slight difference between 

responses; the participants from age 20 to 35 responded 

better in the VR than the participants above 35. In Q.15, 

people of all ages were more understanding of the VR 

method, while in Q.20, participantswere nearer to the 

approximate measurements from the traditional method.  

Analysing the responses by positions (architects and 

others), we observed that in the traditional method group 

,there was a significant correlation between posts and Q.2 

in the section measuring the visual quality and some 

questions in the part that measures the level of people’s 

understanding of the design (Q.5, 9, 10, and Q.12 to 14), 

Q.19 and Q.25. However, there was no significant 

correlation between these questions and positions in the 

virtual reality environment. On the other hand, there was 

no significant correlation between classes and Q.6, Q.15, 

and Q.18 in the traditional method. At the same time, 

there was a substantial correlation in people's responses to 

the VR method. The finding illustrates that the others 

responded better than the architects in all the questions 

except Q.18 and 19,which asked about the dimensions. 

5. DISCUSSION 

Scanning relevant literature revealed that broad attention 

had been increased to virtual reality (VR) methods in the 

urban design [6]. VR is a device for visualisation and 

communication [7] that brings the digital environment 

and the users together [8]. It is defined as a simulation 

environment created by devices and computers that lets 

humans visualise and cooperate with computers and data, 

gives them the feeling of being mentally immersed and 

present in the simulation as if they are in the actual world 

[6], [8], [9].  

Several pieces of research paid attention to the 

software, methods, and techniques of VR to investigate 

public places [10], [11]. Group of research focuses on the 
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ecological systems and [11] infrastructure, while others 

tackle the visualization laboratory [12] and design process 

using technology [13], [14]. However, a limited number 

of studies have focused on VR and users’ preferences and 

how those preferences could affect the decision-making 

process of urban space design [15]. Besides, no study has 

yielded our knowledge investigating the users’ 

preferences for VR in Egypt’s public spaces.     

Regarding the first part of the questionnaire that 

measures the quality of visual representation of the two 

methods, the correlation matrix indicates that there was 

no difference between the two methods, in contradiction 

to Gang et al. (2020)[32].The results of the research 

provide that the understanding of the location of water 

features and benches was superior in the VR method, in 

opposition to the effects of Kim (2005) [30], that 

identified that there is no difference between the two 

methods in these two points, this may be for the 

modifications of the technologies. The understanding of 

the changes in the ground slope in the design was a better 

understanding of the traditional method. This indicates 

that the stairs and ramps were more apparent in the 

conventional method, as the VR method can make some 

distortion, which results in previous research effects by 

Kim (2005) [30]. 

The level of imagination of how the urban space 

looks increased in the VR method; this may be due to the 

high level of immersion the VR headsets gives to the 

participants. Regarding the questions that measure the 

user’s sense of the place, the estimation of the 

approximate measurements was more accurate in the 

traditional method than the VR method, in line with 

Gomez et al. (2021)[31]. This can affirm that the traditional 

method was more precise than the VR method or was 

affected by the limited functions of the VR headset used 

in this study. Our results show no difference between the 

two methods in the level of interaction and this outcome 

in contrast to M. Meenar and J. Kitson(2020) [22].  

The findings confirm what was expressed by other 

researchers [22], [27], [29], that the free memory recall 

shows a significant difference between the VR method 

and the traditional method, as the number of objects 

remembered by the participants increased in the group 

who experienced the design through VR method. This 

means that the VR method provides the participants with 

a high level of immersion that improves the mental 

process, the sense of presence, and space perception. This 

indicates that this method was more precise and vivid, as 

mentioned in the literature review. However, the results of 

the recall accuracy did not agree with Van Leeuwen et al. 

(2018) [27], as our results show a significant difference in 

recall accuracy. 

Analysing the results by gender in the VR group 

displays a slight difference between males and females, 

where males were better at understanding the design 

through the VR method than females. This is opposite to 

the findings of Zhu et al.(2020) [26].These results may be 

due to the characteristic differences in the use of 

technologies, where the males are more attracted to the 

new technologies than the females. The younger 

participants better understood the design of the VR 

method than the adults.This returns to the fact that the 

younger participants were born in the digital age and are 

adapted to the technology and gaming approaches. At the 

same time, the adults lacked experience in using the new 

techniques corresponding to [5], [22].  

Comparing the positions illustrates that the others 

responded better to the VR technique than the architects. 

This may be due to computer-aided design (CAD) and 

3DMAx being the primary technological tool of 

architects. In contrast, the VR tool nowadays has become 

a fun tool in many gaming applications that people use. 

Moreover, the architects responded better than others to 

the questions about the approximate dimensions, so the 

architects had more knowledge of the dimensions of the 

elements in urban space. 

Because the authors were unaware of the crowd 

sourcing approaches to investigate the gap between the 

traditional and VR methods, we decided to use a survey 

tool using Google Forms. The limitations of the present 

study naturally include the balanced distribution of the 

sample size among females (83) and males (67) to 

compare the effects of gender on our results effectively. 

The unbalanced samples were also recognised by their 

ages, with a high presence of responses from 20–25year-

olds. An obvious challenge with this research method is 

that the VR headset used in this study only lets you see. 

Urban and landscape architects need a multi-sensory 

process to be more accurate. 

6. CONCLUSION 

The relevance of virtual reality (VR) as a visualisation 

tool in participatory processes has been discovered via 

urban planning and design research. The effectiveness of 

virtual reality in understanding urban spaces was 

investigated in this research utilising two case studies of 

urban areas. This research conducted a 150-person survey 

launched in many places. Using a traditional approach 

and a VR headset, the survey participant saw the design 
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and then completed a questionnaire prepared following 

the literature research to determine the main parts that 

should be conveyed via the presentation methods.  

As a result of enabling individuals to recall and 

envisage more things from the design, the final comments 

provided further insight into how virtual reality might be 

utilised in urban planning and design in general. When 

comparing the virtual reality approach with the 

conventional method, the findings represent the 

participants' opinions on the matter, according to the 

descriptive and analytical examination of the data. The 

results also suggest that virtual reality facilitates 

understanding urban structures, but it cannot substitute the 

traditional method. Both VR and traditional methods can 

be used in the urban participatory process. 

The contributions here should be of broad interest to 

urban design, ethnography, and computer science. The 

first main contribution proposed in this field is 

investigating the gap between users' preferences and the 

design actions previously taken to overlock the users’ 

needs. 

Building on the research limitations, this research 

suggests using a crowdsourcing approach to investigate 

broader users of VR and traditional methods. Besides, 

examining other contexts and comparing the results to the 

Egyptian cases can validate the present research results 

and offer new insight into the effect of the case study 

condition on using conventional methods. 
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