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ABSTRACT 

Urban typologies can be described through their perceptual values, the attractiveness of their spaces, 

spaciousness and routes provided, dependent on their morphology, geometry, proportions, density and 

various spatial elements such as landmarks location, buildings facades, green spaces including trees, 

textures and more. Movement along different urban typologies may result in diverse patterns of visual 

perception. The Dynamic 3D Visibility Analysis (DVA) model simulates the way pedestrians would 

potentially observe and experience the urban environment. DVA enables considering various 

characteristics and types of the built environment, the different surfaces, buildings, landmarks, green 

areas and the sky view. The DVA model was assessed with experiments in a visualization lab, where 

participants were immersed in virtual reality environments. Participants were asked to record their 

perception of density for each path. The model was found to be a reliable indicator for the perceived 

density along urban paths. The objective of the current work is to explore the relations between 

patterns of visibility quantification, based on DVA, and perceived values in various urban typologies 

through an experiment in virtual reality. The case studies are diverse urban fabrics that represent 

unique typologies; Each assigned to one of three categories: Naturally developed vernacular fabric 

such as the old city of Venice; pre-planned urban fabrics such as the Barcelona “Eixample” and the 

Manhattan grid, and singular architectural mega projects such as the “Interlace” project in Singapore. 

The initial segments of urban fabrics to be analysed were based on the size of an area of four 

Barcelona blocks in the ‘Eixample’ grid. Most of the urban environments chosen for this study are 

major touristic attractions commonly known as ‘positive’ environments. Most of them are well known 

to most participants either from a previous visit or from pictures. DVA along a simulated pedestrian 

path for each of the above urban typologies was recognized with a unique pattern of visibility. A 

video of the exact analysed rout along the virtual model was screened to the participants in the 

visualization lab.  All routs are 1 km in length and wander about the urban space in a typical path to 

each morphology. Movement velocity in the videos is equal. Special consideration was given to 

representations of the virtual facades and typical elements along the designated routs additionally to 

the morphology. Participants were asked to evaluate their experience in each urban environment by 

grading various attributes presented to them. Results show that the visual experience for each virtual 

path is very different according to the participants. Illuminating relations between patterns of visibility 

and participants evaluations were found, highlighting a future potential to predict human experience 

for variant urban fabrics.  DVA model could help explain various urban phenomena and can be used 

to predict and evaluate the human experience in existing urban environments as well as a tool to 

evaluate future planning and design proposals for better pedestrian experience in future urban 

environments.   
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1. INTRODUCTION  

Urban typologies can be described through their perceptual values, the attractiveness of their spaces, 

spaciousness and routes provided, dependent on their morphology, geometry, proportions, density and 

various spatial elements such as landmarks location, buildings facades, green spaces including trees, 

textures and more. This paper focuses on the human perception, as influenced by the built form in the 

city, while in movement on a pedestrian urban path and the differences between variant urban fabrics 

as reported by participants. The relations between evaluations of participants during experiments in a 

virtual reality to quantitative 3D visual analysis presenting the accumulated visibility along the 

pedestrian urban route are examined. 

In this research, the assumption is that pedestrian walkability is an important factor, and thus it was 

decided to study the perception of pedestrians in movement in variant urban built environment. 

Pedestrian travel offers a wide range of benefits in dense modern cities, and the assumption is that this 

trend will continue. Zacharias (2001) has argued that open-space systems giving priority to 

pedestrians are increasing and are enjoying much more intense usage in many cities around the world. 

This tendency has subsequently accelerated and will in all probability continue to do so. The 

definitions provided for a walkable environment (Forsyth and Southworth 2008; Mehta 2008) are very 

wide and cover many physical, social and psychological human needs. Clearly, most of these defined 

requirements influence the way the environment is visualized and perceived by the user. 

The virtual environments used as case-studies in this paper, refer to specific realistic environments: 

Venice, Barcelona, Manhattan and the Interlace in Singapore, which are significantly different from 

each other in many respects (i.e., density, height of buildings, vegetation, facades and facades textures 

etc.). The motivation is to extract general observations as to how patterns of visibility influence the 

perceptions of pedestrians. 

The Dynamic 3D Visibility Analysis (DVA) model simulates the way pedestrians would potentially 

observe and experience the urban environment. DVA enables considering various characteristics and 

types of the built environment, the different surfaces, buildings, landmarks, green areas and the sky 

view. A preliminary study, generating a comparative analysis between the four environments, resulted 

with very different patterns of visibility (Fisher-Gewirtzman, 2017), see figure 1. The patterns of 

visibility as illustrated in Figure 1 are created by accumulated visibility calculated in each of the 

hundred viewpoints that were indicated along the route, facing in the walking direction. The graph on 

the left presents the separate calculations for each category including sky-view, buildings, vegetation 

roads, water etc.; the graph on the right shows the calculations by category without the sky-view. 

Extracting the sky-view calculations makes it easier to grasp the influence of the visibility to the the 

rest of the categories.  

 

Figure 1: patterns of visibility base on the DVA model are demonstrated for similar areas in Manhattan (top), Barcelona, 
Venice and the Interlace in Singapore (bottom). The graph on the left enlightens the sky-view and on the right highlights the 

other visual elements such as dwellings (orange) and trees (green). 
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Objective 

The objective of the current work is to explore the relations between patterns of visibility 

quantification, based on DVA model, and perceived values in various urban typologies through an 

experiment in virtual reality. The case studies are diverse urban fabrics that represent unique 

typologies; Each assigned to one of three categories: Naturally developed vernacular fabric such as 

the old city of Venice; pre-planned urban fabrics such as the Barcelona “Eixample” and the Manhattan 

grid, and singular architectural mega projects such as the “Interlace” project in Singapore. The initial 

segments of urban fabrics to be analysed were based on the size of an area of four Barcelona blocks in 

the ‘Eixample’ grid. We expected to have very different perception of space reported by our subject in 

each of the fabrics and to point out the relations to the 3D visibility calculations. 

LITERATURE REVIEW 

The built environments and pedestrian behaviour 

Walkability is recognized as a foundation for a sustainable city around the globe. Walking is a ‘green’ 

mode of transportation since it has low environmental impact: it reduces congestion, conserves energy 

and does not create either air or noise pollution. In addition, walking can also confer both social and 

recreational benefits. New health research, governmental incentives and new regulations, together 

with increased activism by pedestrians and cyclists, all make the case for better design and planning 

of the pedestrian environment (Forsyth and Southworth 2008). At the same time, planners and public 

health officials have promoted policies with the potential to improve the quality of the built 

environment for pedestrians (Cao, Handy, and Mokhtarian 2006). Planning pedestrian environments 

requires assumptions regarding how pedestrians will respond to characteristics of the environment as 

they are developed (Zacharias 2001). These assumptions can be made using analysis and tools 

indicating the impact of variant elements and environmental characteristics on human perception. 

Various interdisciplinary studies have examined the relationship between the built environment and 

pedestrian behaviour, while others have studied the connection between urban structure and 

movement, focusing on walkability and navigation in cities. These studies attempt to analyse 

pedestrian movement patterns in relation to urban morphology, while showing how these 

surroundings may affect pedestrian route choices and even explain movement in an urban space 

(Fisher-Gewirtzman 2017). The impact of the built environment on pedestrian perception is 

significant; the current study agrees with Zacharias (2001), arguing that it is important to focus on the 

characteristics of the environment and their impact on users.  

This paper reports on a Behavioral experiment in a virtual environment, which examined the influence 

of the morphology of various urban pedestrian paths on the perception of participants. The current 

paper examines the influence of the urban morphology and additional elements such as greenery, 

textures and facades characteristics on a much wider perceptual impact. 

 

Experimenting in virtual reality (VR) 

Virtual environments give the opportunity to define, examine and evaluate variations of complex 3D 

environments as well as the human experience and reaction to them in controlled situations. In order 

to assess the use of virtual reality environments, in the context of research and teaching, (Portman et. 

al., 2015) reviewed the three disciplines of architecture, landscape architecture and environmental 

planning. They explored the demonstration of inaccessible environments, noting current VR research 

opportunities and challenges in each discipline and emphasizing what can be achieved by employing 

virtual reality systems in the fields of education and research. In a study led by Mavridou et. al., 

(2009) in an immersive virtual environment, a qualitative study focusing on the perception of scale 

was presented. By employing VR environments specifically designed for the experiment, Shushan et. 

al., (2016) analysed the way the information conveyed by the morphology of urban objects affects the 

way we perceive the built environment. Natapov and Fisher-Gewirtzman (2016) conducted a 

Behavioral study with the purpose of evaluating the effect of urban visibility on pedestrian route 

choices. This study contributes to the development of an integrated framework that incorporates the 

interaction of urban morphology and human spatial behaviour, and the use of the virtual reality 

laboratory as an effective tool for analysing complex urban situations. 
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The use of virtual reality experiments as closely predicting human behaviour in reality is increasingly 

commonplace in academic research. Both Kuliga et al. (2015) and Tahrani and Moreau (2008) 

compare reality to virtual reality. Kuliga et al. (2015) examined the correlation between users’ 

perceptions and behaviour in a virtual environment alongside experience of real environments 

referring to a building in a conference centre. Tahrani and Moreau (2008) compared visual perception 

of a real urban path with several virtual representations, focusing on the study of sunlight effect and 

daylight ambience. Zacharias and Stamps (2004) addressed issues in the subjective measurements of 

density, comparing detailed buildings facades with schematic boxes. These were correlated at 95%, 

suggesting that surface details have a minor effect on perceived density. The experiment in Fisher-

Gewirtzman, (2018) indicated the subdivision of individual floors to maintain the sense of scale but 

disregarded any other detailing. The focus was on evaluating the perceived density. In the current 

paper the virtual urban environments are detailed, typical facades and textures in additional to typical 

greenery are added to the morphology and volumetric representation. See Figures 3-6. Subjects were 

asked to refer to additional perceived values and not only focus on the perceived density. 

Through several additional studies conducted in VR, it can be concluded that movement patterns in a 

virtual environment can reinforce or even predict patterns in the same real urban environment 

(Bishop, et. al., 2001; Conroy-Dalton 2001; Paar 2006; Mavridou 2012; Yuan et. al., 2014). VR 

simulations allow the researcher to single out independent variables, and to examine the perception of 

each variable in a more controlled manner than would be possible in their real urban setting. VR 

makes it possible to distinguish visibility properties of the urban environment as independent 

variables, as opposed to the case study’s real-world conditions. By using these variables that 

characterize the environment, it is possible to examine the impact of visibility on human perception. 

3D Visibility analysis and human perception of space 

Urban scape is a three-dimension environment and must be observed and analyzed using models and 

tools referring to this reality. The visual perception of space is one of the factors that define spatial 

experience and cognition of architectural or urban space (Kultsova et al, 2013), therefore, the visibility 

of humans should be simulated in three-dimension. Since Lynch (1960) stressed the importance of 

view analysis using terms such as ‘visual absorption’, ‘visual corridor’ or ‘visual intrusion’ various 

computation tools enable simulating his observations. Previous research studies have explored the 

relationship between urban space morphology and how users perceive their observed qualities (Fisher-

Gewirtzman, 2017). In this paper we will review the methods and models focusing on 3D visibility. 

Morelo and Ratti (2009) expanded the concept of Isovist i.e. the visible space from a vantage point  

(Benedikt, 1979) in three dimensions and examined how it could help provide a quantitative basis for 

Kevin Lynch urban analysis. They argued that their analysis allowed for a more useful interpretation 

of visibility from a visual perception point of view, because outputs of the analysis are stored in a 

voxel space. Fisher-Gewirtzman et al, 2013 proposed a similar approach, based on subdividing the 

virtual urban environment into voxels, which represented a visibility value on a regular grid in 3D 

space. The model enabled users to compute visibility as a continuous figure with in-between values 

from fully visible up to fully invisible. The 3D voxel-based model was assessed using participants’ 

evaluations to the perceived density. Dalton and Dalton (2015) give a recent overview of the 3D 

visibility analysis and representations of three dimensional isovists. They discuss the various attempts 

and their ability to represent meaningful complex spatial information and invited expert participants to 

evaluate these various attempts. Their work followed an earlier contribution to 3D analysis by Pen et 

al (1997), who developed a flexible 3D virtual environment enabling a range of analytics and design 

support tools including ISOVIST and AXIAL maps within 3D virtual models. 

Fisher-Gewirtzman (2015) developed a LOS 3D visibility analysis tool. This method analysed the 

sum and segmentation of Lines Of Sight (LOS) at each view point inserted in the virtual built 

environment. The calculated visibility from each viewpoint is based on the accumulated lengths of 

lines of sight stemming from each viewpoint representing the visibility from each viewpoint in the 

direction of observation. The current extension for the LOS 3D method makes it possible to separate 

various elements in the visible environment, as demonstrated in Fisher-Gewirtzman (2016). This 

method was further developed to suit movement along a path and used in the current study that makes 

a distinction between visibility of buildings and pavements, trees, and the sky in all variant paths. A 

3D Dynamic Visibility Analysis model simulating pedestrians’ visual perception along urban paths 

was introduced (Fisher-Gewirtzman, 2017) and assessed (Fisher-Gewirtzman, 2018). 
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2. DATASETS AND METHODS  

The methodology of this study is made up of three consecutive stages:  

The preliminary stage was running the DVA model resulting with patterns of visibility representing 

the accumulative visibility calculations along 100 viewpoints along each route facing the movement 

direction, as illustrated in Figure 1. The second and main stage of the study included conducting a 

controlled experiment in the visualization laboratory, where the subjects experienced the various 

alternative paths through a video projected for them on a large convex screen, see Figure 2. The third 

stage was a comparative evaluation between the experiments results and the patterns of visibility. The 

relations between visibility quantification and perceived values in various urban typologies. 

   

Figure 2: participants observing videos simulating their movement along urban paths screened to them in the visualization Lab. 

EXPERIMENT DESIGN 

Data collection methods 

Participants were invited in small groups to the visualization laboratory. Figure 2 illustrates the 

experience in the visualization lab. Each participant was asked to complete a questionnaire with 12 

questions regarding their perceived evaluation of each virtual environment, and to indicate the 

influencing factors on their evaluations. The questionnaires were collected, and the data from all 

participants regarding all the pedestrian routes and used for the analysis. 

Experiment setup 

The subjects participated in an empirical study as pedestrians in four urban virtual reality 

environments projected in a visualization laboratory. The empirical study was conducted using a 

virtual reality experiment set-up in a controlled environment – the Visualization Laboratory. The 

visualization laboratory space is equipped with a 2.4 m x 7.5 m convex screen with a 75o field of 

view and three high definition synchronized projectors that can project a uniform and continuous 

display. The motion videos of the variant pedestrian paths were projected on the full screen so that the 

participants could immerse themselves in the scene. Controlled laboratory conditions provide a good 

degree of perceptual realism (Bulthoff and Van Veen 2001), depending upon a simulation and how 

realistic it is, and therefore allowed the systematic variation of spatial properties of the experimental 

environments (Wiener and Franz 2005). The virtual built environment was modelled using 

Rhinoceros 3D software modelling: the topography, built structures, streets, pavements and major 

trees. Textures and colours were inserted onto the facades to create a stronger sense of realism and to 

stress the difference between the variant environments presented to the participants. In addition, a 

picture of a realistic skyscape was inserted, giving a strong appearance of the sky. The virtual trees 

were modelled to create a rich green treetop, whilst at the same time allowing for partial transparency 

for the view through the branches, like reality. Participants were immersed in virtual reality and 

exposed systematically to four distinct urban environments. The four paths were projected in a 

changing order for each group of participants, so that the order of appearance would not become an 

influencing variable. The paths were presented as short videos, each covering 1000 meters. Each 

video lasted 105 seconds. Motion was faster than walking speed, allowing participants to cover a 

significant distance along each path, but not much more, in order to guarantee a change in visibility 

along the path assumed to influence the participants’ perception, and to allow more than just limited 

viewpoints. The speed was the same for all variant paths.  
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Participants: 37 participants, ages between 20 to 40. Most of them were undergraduate Architecture 

students and several master’s and PhD students. 20 females and 17 males. 31 unmarried, 6 married 

and 4 with children. Most of them born in Israel. 21 live in urban settlements, 7 in dense rural 

settlements and 9 in settlements with a rural character.  

The time spent per participant on the experiment was about half an hour (after which they were 

offered coffee and a pastry). Participants were asked to consider the alternative paths as though they 

were walking along a central pedestrian route in a city on the way to their place of business. They 

were asked to evaluate each route by answering the following questions, on a scale ranging from 1 to 

7 (1 = not at all, 7 = very much). The participants were not noticed as to what are the urban 

environments, they are about to observe but some of them did identify the exact environment (Many 

of them identified Venice and Manhattan) or identified a somehow related urban environment (some 

identified Barcelona, and some thought it was a Paris neighbourhood). 

1. Would you like to explore this route? 

2. Does the environment along the route make you feel relaxed? 

3. How dense does this environment seem to you? 

4. How illuminated is the street space? 

5. To what extent do you think this place can become vibrant? 

6. To what extent is this environment spacious? 

7. To what extent do you perceive this environment as boring? 

8. To what extent would you define the area as stressful? 

9. To what extent was the tour of the route experienced by you as a positive and pleasant experience? 

10. How dark does this environment look to you? 

11. To what extent is the tour of the route experienced as a positive and pleasant experience? 

12. Every how often did you perceive areas that caused you positive feelings? 

After viewing all the variations, the participants were asked to indicate what influenced their 

decisions. Among the options given to them were: heights of buildings, the appearance of the 

buildings and style, amount of vegetation in the vicinity, quantity of open space, the degree of 

diversity in the environment, the size of the street, field of view, distance between buildings and 

finally, they were asked ‘would you like to live in this neighbourhood’. 

The case studies  

The variant virtual environments used in the study refer to a realistic urban environment, from which 

one could easily infer other similar locations around the world. The case studies represent a wide 

range of urban typologies and define its different characteristics. Each of the four fabrics is recognized 

as a unique typology. Each case study can be assigned to one of three categories: Naturally developed 

vernacular fabric such as the old city of Venice; pre-planned urban fabrics such as the Barcelona 

“Eixample” and the Manhattan grids, and singular architectural mega projects such as the “Interlace” 

project in Singapore. The area chosen to be analysed in each case was the most typical one, 

representing recurring instances of the surrounding environment. The initial segments of urban fabrics 

to be analysed were based on the size of an area of four Barcelona blocks in the Eixample grid, which 

is roughly 65,000 m². Following ate the basic descriptions. 

The Manhattan case study is located by Columbus Circle and Central Park. The heights of the 

buildings vary with the tallest building reaching 45 floors, while the shortest is only 4 floors. Average 

height stands at 23 floors. The built volume is 1,900,000 m3 and land coverage is 37%. Basically, it is 

a grid structure where the Broadway cuts the grid on a diagonal. Figure 3 presents the urban fabric and 

some typical viewpoints along the pedestrian route. 
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Figure 3: Manhattan urban fabric and some typical viewpoints along the pedestrian route 

The Barcelona case study is focusing on the Eixample grid. The heights of the buildings are very 

similar and range from 5 to 8 floors. The built volume is 864,000 m3 and land coverage is 55%. This 

well-known grid structure is trimmed at the corners creating a small piazza at every intersection. See 

figure 4. 

 

Figure 4: The Eixamle greed in Barcelona and some typical viewpoints along the pedestrian route 

The “Interlace” in Singapore is a mega structure designed by Architect Iwan Bann. It is located on a 

hill in the outskirts of the city and affords a vast dwelling compound. The structure is formulated out 

of similar building blocks arranged on a hexagonal grid in a way that leaves most of the land free for 

open spaces and leisure activities. The height of a single block is six stories and the maximum height 

in the compound is 24 stories, composed of 4 basic blocks. The built volume is 710,000 m3 and land 

coverage is 23%. See figure 5. 
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Figure 5: The Interlace in Singapore and some typical viewpoints along the pedestrian route 

The old city of Venice is an organic fabric composed of narrow passages, wide and narrow waterways 

and relatively small squares. The buildings height ranges from three stories in height to seven stories 

while the average height is five. The built volume is 675,000m3 and land coverage is 57% including 

the big canal as part of the case-study. See figure 6. 

 

Figure 6: The old city of Venice and some typical viewpoints along the pedestrian route 

The route in each of the case-studies was selected to represent the typical built environment as well as 

typical open spaces, when possible, in each of the case-studies. In the Manhattan case-study the route 

passes through the urban grid and also along the Central Park boundaries; In the Venice case-study, 

the route runs along the Grand Canal at a certain point and so on. These open spaces naturally increase 

the visibility and visibility calculations. The Barcelona Eixample grid is a very uniformed and 

repetitive fabric and is the only case study that does not have any adjacent extensive open space. 

3. RESULTS  

Experiment Results 

Experiment participants’ evaluations: The mean value of the participants evaluations for each of the 

questions are presented in table 1. For each of the questions we looked at the maximum and minimum 
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mean values for each category in every environment. We compared between positive and negative 

questions such as: question (2), Does the environment along the route make you feel relaxed? And 

question (8), to what extent would you define the area as stressful? Also question (5) To what extent 

do you think this place can become vibrant? And question (7) To what extent do you perceive this 

environment as boring? In addition, we compared Questions (4) relating to illumination of the 

environment and question (6) relating to spaciousness and question (9) relating to pleasantness. 

The mean value to some questions had minor difference between environments and some had major 

differences across environments. Question (1), would you like to explore the environment had quite a 

similar mean value for all case-studies: Singapore-4.22, Venice-4.7, Barcelona-4.85 and Manhatan-

4.95. Question (8), to what extent would you define the area as stressful? Is an example for a question 

with major differences between all case-studies: Singapore was considered as the least stressful (2.45), 

Barcelona very close (2.5), Manhattan (3.0) and Venice much higher (4.95). 

Singapore was the most boring (question 7) case-study. It was also the least environment the 

participants wanted to explore. Barcelona was considered as the most relaxing urban environment and 

Venice was the least relaxing. Venice was also considered as the most dark and stressful. Singapore 

and Barcelona were perceived as the safest urban environment and both were also perceived as very 

pleasant and spacious. 

 

Table 1: Mean value for questions answers in all four case-studies 1=not at all, 7=very much 

 

Table 2 is presenting the influencing parameters according to the 37 participants. Since the 

participants could choose all or none, we clearly see that some parameters were more influential than 

others. The height of building was not influential in most of the environments. For Barcelona less than 

a third of the participants thought it influenced them. The appearance of building styles was the most 

influential for Venice and Barcelona and the amount of vegetation was quite influential for 

Manhattan, Singapore and Barcelona and zero for Venice. the final question regarding the willingness 

to live in any of these environments received the response of less than a third of the participants. 

 
Table 2: Influencing parameters according to participants in all four case-studies 

Influencing parameter Number of participants 

 Venice Manhattan Singapore Barcelona 

Height of building 6 4 7 12 

The appearance of the buildings and style 18 13 14 18 

Amount of vegetation in the vicinity 0 20 21 19 

Quantity of open spaces 3 10 20 5 

The degree of diversity in the environment 18 9 9 7 

The size of the street 6 11 6 9 

Field of view 4 12 16 9 

Distance between buildings 7 5 11 13 

Would you like to live in this environment? 12 9 11 14 
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The relations between patterns of visibility and participants evaluations 

 

 To compare between the experiments’ results and the patterns of visibility we observed the visibility 

analysis for each urban environment and the most significant perceived values for each environment. 

The patterns of visibility are presented in separate graphs for total accumulated visibility 

measurements (top), separate visibility measurements (for the sky-view, buildings, greenery, 

roads/ground and water) and separate visibility measurements without sky-view.  

 

The first comparison regards the Venice case-study presented in Figure 7. High visibility at the 

destination view-point, and very high at the destination when reaching the Grand Canal. Visibility 

along most of the route is very low apart from an area located in one of the small piazzas. The general 

low visibility goes along with the very high mean value for the perceived density (6.3) and darkness 

(4.6), the environment perceived as the most stressful (4.95) and unrelaxing (3.1). This environment 

was perceived as the least illuminated (2.95), not spacious (2.0) and safe (3.6). Some of the most 

influencing parameters according to participants were irrelevant in this stage to the visibility 

calculations: appearance of buildings and style (18 participants) but the degree of diversity (18 

participants) is reflected in the pattern of visibility that changes along the route.   

  
 

 
 

 
Figure 7: pattern of visibility for Venice. High visibility at the starting view-point and very high at the destination when 

reaching the Grand Canal.  

 

Manhattan case-study presented in Figure 8 has a very different pattern of visibility. It has a much 

higher visibility all together and a more coincidental pattern with many peaks, some extreme and 

some more local. The dramatic change is when walking along the Central park, where fewer buildings 

are visible and much more trees, greenery and sky-view. Although the Manhattan case study is the 

most dense out of all four case-studies, where the tallest buildings by far exist, was perceived as much 

less dense than Venice (4.4), and as the environments that could potentially be the most vibrant (5.6), 

the one that the most participants wanted to explore (4.95), it was not perceived as stressful (3.0) and 

quite relaxed (4.7) not dark (2.9) and mostly safe (5.1). No doubt the high visibility and changing 

pattern of visibility influenced on the considerably positive perception of this environment. 
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Figure 8: Pattern of visibility for Manhattan. 

 

Singapore case study presented in Figure 9 has high visibility evaluations all along the pedestrian 

route. Extensive visibility to sky-view as well as extensive visibility to buildings and vegetation. The 

graph is presenting a rhythm of high picks randomly scattered ending with a very high visibility to 

sky-view and vegetation. 

Singapore is the second environment perceived as relaxing (4.95), it is perceived as the least dense 

(3.2) although the very tall built structures. It was perceived as the most illuminated (5.8) and spatial 

(5.85) and highly pleasant (4.85), the least stressful and perceived as the safest (5.9) but it was also 

perceived as the most boring (4.0) and participants were not interested in exploring this environment. 

 

 
Figure 9: Pattern of visibility for the Interlace in Singapore case-study. 

 

The Barcelona case-study presented in Figure 10 is half as dense than the Manhattan case-study. The 

Graphs are showing a very repetitive behaviour. The picks of visibility calculations occur in each 

Eixample typical intersection along the route. The visibility to buildings and to vegetation (trees) 

continues sequentially along the pedestrian route with no significant change. 

The Eixample case study was perceived by the participants as the most relaxing environment (5.1) out 

of the four. It was also perceived as the most positive and pleasant (5.1), not dark (2.1), not perceived 

as stressful (2.5) and one of the safest (5.85) and vibrant (5.25) routes.  
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Figure 10: Pattern of visibility for the Eixample greed in Barcelona case-study. 

4. CONCLUSIONS  

The various urban fabrics were compared using the same calculated area as a common framework, 

each presenting the same number of viewpoints calculated along pedestrian routes of the same length. 

Differences in built volume, land coverage and height of buildings significantly influence the results. 

The visibility calculations presented show a pointed difference between the typologies as well. The 

graphs presented for each case-study clearly show the differences between case-studies and the 

change in the urban morphology and the visible elements along each path. 

The results of the experiment highlighted the fact that the visual parameters that created positive 

feelings were the amount of vegetation, openness and sky-view in all environments. The Interlace in 

Singapore had the highest number of vegetation gradings, then Manhattan and then Barcelona. The 

appearance of the facades and their style generated positive emotions among participants during their 

virtual walk. Venice and Barcelona had the highest score as opposed to Manhattan and the Interlace in 

Singapore. The colour palette of the facades in Venice and Barcelona are warmer and more diverse 

than in Manhattan and Singapore. The universal, modernist anonymous style somehow was less 

attractive to the participants. 

There is a gap between positive feelings in an environment and the willingness to tour in it (i.e., 

Singapore was ranked the highest with positive parameters but very low regarding the willingness to 

tour around it. The positive parameters were light, vegetation, openness and relaxation. The low 

parameters were variety and interest, difference and complexity. 

Singapore was ranked as the most pleasant environment, creating the most positive feelings all along 

the route and the highest out of the four environments. The interlace is a segregated compound and 

not part of an urban fabric. The high positive rank of such a segregated compound raises questions as 

to the nature of the urban environment. How come such a segregated compound received such high 

ranking? What does this imply regarding current urban theories? Can we learn from this segregated 

compound, its parameters and to contain about on urban fabrics? 

Difference between positive feelings in monotonous environments (i.e., Singapore) and positive 

emotions in specific locations in complex environments (i.e., Venice): Venice is an contradictory case 

to Singapore. The negative parameters were ranked the highest of all four environments. Venice was 

ranked as the most dense, dark and intimidating. On the other hand, participants ranked it as one of 

the most attractive destinations for touring and even living in that environment. Specific events along 

the route were indicated as positive and the ending event of the route visualizing the grand Canal. The 

diversity and existing peeks of events perceived as highly positive probably supported the willingness 
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to tour and live there which overcame the Singapore all positive parameters creating relaxation but 

also monotonous and boredom.   

The influence of repetitive urban parameters and elements as opposed to specific urban parameters 

and other elements: The Eixample grid in Barcelona encompasses both. The route includes extensive 

vegetation, spacious and lighted environment, consistent characterization all along together with rich 

and diverse facades. It is possible that the combination between both: repetitive and specific defined it 

as the most attractive to live in.   

Further study should be conducted on additional various urban environments to be able to extract 

more accurate and focused conclusions as to what urban characteristics would be perceived in the 

most positive way and at the same time would give an adequate answer to the increasing urbanization 

and densification of our world.  

Results show that the visual experience for each virtual path is very different according to the 

participants. Illuminating relations between patterns of visibility and participants evaluations were 

found, highlighting a future potential to predict human experience for variant urban fabrics.  DVA 

model could help explain various urban phenomena and can be used to predict and evaluate the 

human experience in existing urban environments as well as a tool to evaluate future planning and 

design proposals for better pedestrian experience in future urban environments.  
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