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ABSTRACT  
The purpose of the two exploratory studies presented in this paper was to examine the relations between 
formal representations of an urban environment and subjective responses. In Study 1, we examined how 
geometrical features were related to environmental appraisal of an urban square. We mapped movement 
trajectories and activities on the square during different times of the day and used semantic differential 
scales to capture experiences at 22 predefined locations that contained different fields of views/isovist 
characteristics. At each of those locations, 25 individuals rated their subjective impressions of the space. 
We found that the trajectories and activity observations and the environmental appraisal ratings were 
partially linked to formal spatial measures derived from visibility graph and axial line analysis; i.e., 
larger views were related to ratings of publicness, insecurity, and openness. In Study 2, we conducted a 
virtual-reality study with 45 participants, who rated six viewpoints along a virtual street that (again) 
differed in its isovist characteristics, as well as in social density. For this aim, we systematically 
controlled three conditions: no people/control group, and 2) low social density, and 3) medium social 
density. Participants filled-in an environmental appraisal rating scale, which we again linked to formal 
characteristics of the space. Here, perceived spatial density correlated with isovist area, perimeter, and 
occlusivity; and compactness correlated with interest. Together, our two exploratory studies add insight 
to the relations between urban structures and subjective evaluations and indicate potentially interesting 
avenues for further research in the space syntax community and urban experience research. 
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1. INTRODUCTION 
Environmental appraisal to a large extent arises from our perception and conscious interpretation of the 
physical space around us. We perceive the world with our senses and mind, and have certain 
associations, feelings, and expectations about cities and buildings. Yet, it appears to be hard to fully 
trace rapid perceptual processes, as well as subjective ratings of our experience, back to formal, 
quantitative representations of a space, such as derived from space syntax and isovist analysis Hillier & 
Hanson, 1984). When the field of view one experiences is quantified using formal isovist analysis (cf. 
Benedikt 1979; Benedikt & Burnham 1985), some spatial characteristics, such as isovist area were 
related to the subjective ratings of, e.g., safety in buildings (Kuliga, Dalton, & Hölscher, 2013); and 
further to spaciousness, openness, complexity, order, pleasantness, and beauty (Franz, 2005). These 
relationships have been explained with longer lines of sight offering more spatial information to the 
viewer, hinting at underlying spatial preferences for prospect and refuge (Herzog & Leverich 2003). 
Other researchers similarly found a link between isovist characteristics and perceived pleasantness, 
clarity, and beauty of an environment (Dzebic, Purdue, & Ellard, 2013). However, such previous 
studies, indicating that isovist characteristics correlate with spatial qualities, were mainly conducted in 
a laboratory context (Franz, 2005) or inside buildings (Dzebic, Purdue, & Ellard, 2013; Kuliga, Dalton, 
& Hölscher, 2013).  

Relatively few studies have examined this topic in an urban context. For instance, Bielik et al. (2015) 
indicated that a combination of both global and local spatial properties relates to how appealing 
individuals rate urban streets. In relation to different typologies of urban environments (e.g., a park, 
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square, courtyard, or streets with different traffic conditions), Knöll et al. (2015) indicated that the 
centrality measure of the street network, as well as characteristics of the field of view/isovist correspond 
to subjective ratings of stress in an urban context. Both studies seek to develop a model of relations 
between formal spatial characteristics and subjective responses; i.e., to understand how specific 
environmental properties would describe pleasant responses to a setting. Such an inventory of responses 
to spatial characteristics, or model, could support planners in capturing experiences using spatial 
analysis of their plans before they create or (re-)design a space (i.e., pre-occupancy evaluation). 
However, predicting both positive and negative responses to different spatial configurations based on 
solely spatial analysis, to the knowledge of the authors, does not exist, although some relationships 
between space and subjective responses have repeatedly been indicated across different settings, despite 
the spatial analysis methods being naïve to ambient characteristics. 

A potential reason is that many of our experiences may be quite subtle. Also, not only the configuration 
of a space, but also various other, non-spatial characteristics of an environment (e.g., symbolic meaning, 
aesthetics, functions, etc.), dynamic aspects (e.g., changes in social density, illumination, soundscapes 
in a place, etc.), and individual differences (e.g., preferences, skills, expectations, past experiences, 
mood, cultural background, level of attention or interest, etc.) influence human-environment 
interactions. For instance, Ewing and Handy (2009) theoretically defined 51 ‘perceptual qualities’ based 
on literature and an expert review. They argued that spatial aspects, such as enclosure, spatial 
complexity of a scene, the amount of greenery, social density, and soundscapes are important for urban 
experience; but so are the number of people on a street, street width, building heights and proportions, 
long lines of sight, and other variables that are potentially endless. In other words, manifold spatial and 
non-spatial aspects all contribute and interact, resulting in complex relationships that may be hard to 
narrow-down in one comprehensive inventory, or model of relationships. Moreover, where this is 
attempted, e.g. based on big data, current studies keep a degree of certainty, and still may lack validation 
of the larger results (i.e., a mapping of a city) back to the local scales (asking people on the streets). 

This article argues that if space syntax and/or isovist measures were in a stable manner linked to 
subjective ratings, then spatial analyses could have predictive power not only for physical movement in 
space, but also for the way spaces are experienced. The two exploratory studies presented in this paper 
examine the relations between urban characteristics and subjective evaluations of space. In detail, we 
explore how geometrical features of an existing urban environment (Study 1), as well as the presence 
of other people (Study 2) in a virtually simulated, and in a real/existing environment were related to 
subjective environmental appraisal. Our two explorative studies were conducted independently; yet they 
are related in that they both sought to measure environmental appraisal in an urban experience context. 
The two research questions for both studies were:  

1) How are formal, objective characteristics of an urban environment (mainly the field of view) 
related to subjective ratings in environmental appraisal?  

2) Does the presence of others influence environmental appraisal of an urban environment? 

2. STUDY 1: ENVIRONMENTAL APPRAISAL OF AN URBAN SQUARE AND ITS 
LINK TO FORMAL REPRESENTATIONS OF SPACE 

Aim: The focus of the first study was to explore to what extent syntactic measures correspond with 
subjective environmental appraisal. Based on aforementioned literature (Bielik et al., 2015; Dzebic, 
Purdue, & Ellard, 2013; Franz, 2005; Herzog & Leverich, 2003; Knöll et al., 2015), we expected, H1: 
that vantage points with a larger field or view would be rated more a) open, b) spacious, and c) public, 
and would be more d) interesting, because larger fields of view provide more spatial information. 

Dataset and Methods: For analysis, we linked the subjective environmental appraisal ratings to spatial 
measures derived from both visibility graph analysis and axial line analysis. We selected an urban 
square for the context of the study: Sankt-Jakobs-Platz in Munich, Germany, a 1.1 ha square located in 
Anger district of the city. Two buildings partially block the view in the middle of the square, and 
generate different fields of views from different vantage points. Our data collection took place during 
seven consecutive days, for 4 hours per day, using 15 minute time slots in the morning and evening. 
Temperatures due to weather changes ranged from -6° to +10° during this period. We divided the square 
into 22 vantage points, which we bundled to four groups of locations, so that each randomly recruited 
volunteer (bypassing pedestrians) would not need more than 10 minutes to fill-in our questionnaire.  
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We collected the following data: 1) subjective ratings of volunteering pedestrians at various points along 
the square, 2) patterns of movements across the square, and the 3) positions and kinds of activities. For 
the subjective appraisal assessment, we selected items we had used in previous research (cf. Bielik et 
al. 2015). Per vantage point, 25 individuals filled-in a 5-point semantic differential questionnaire; 
yielding a total data set of N=100 participants (n=43 female, 73 Germans; age range: 19-78; 
Mage=38.43, SD=16.47). Most of the randomly selected pedestrians on the square reported that they 
were familiar with the place; i.e. visited it more than three times a week.  

For the subjective appraisal assessment, the items on the semantic differential scale that we selected for 
the context of our study were: chaotic/ordered, insecure/secure, narrow/spacious, enclosed/open, 
boring/interesting, ugly/beautiful, and like/dislike. We additionally included items that we expected 
could be influenced by other dynamically changing variables, such as other people present or the 
weather; i.e.: noisy/quiet, crowded/empty, dark/light, and cold/warm. Participants rated each of the 
vantage points within one of the four sets of vantage points once. For patterns of movements across the 
square and for activities (independent of the locations), we mapped observed individual trajectories, 
and indicated how different individuals (children, adults, elderly; either walking or on a bicycle) were 
engaged in standing, sitting, reading, taking pictures (or any other observed activities, also cf. methods 
in Gehl & Svarre, 2013). Finally, for spatial analysis, we conducted a visibility graph analysis, and 
studied specifically the measures connectivity and integration; as well as convex space analysis, with 
the measures angular connectivity, choice, and integration. 

Results: First, the trajectories and the activity results (Figure 1) indicated that individuals moved quickly 
across the square and did not engage in any activities. One attraction point on the urban square was the 
synagogue, where a few individuals paused to take pictures. Most other individuals stayed close to 
buildings; and most of them crossed the square without stopping at all. This result likely was an artefact 
of cold autumn weather. The square was mostly visited in evenings and during weekends (likely due to 
work patterns), and most individuals were walking. Few children were present during the data collection 
period (on average on per day). Elderly mostly visited in the weekend between 11am-12.30pm. 
However, we could identify patterns in these crossings of the square: the least chosen routes were the 
longest ones - but the most chosen routes were not always the shortest ones. Instead, it appeared in the 
observation that most individuals chose the path with the longest first segment to cross the square.  

Second, based on the subjective ratings, we found that participants rated those spaces that they had rated 
as spacious, simultaneously as more open and more positive (items: interesting, beautiful, like) - this 
would fit to results of previous research by Franz and Wiener (2008). We also found that individuals 
who spent most of their life in large cities or metropolises (n=61) rated the space more public (M=2.42; 
SD=1.27 vs. M=2.00; SD=1.20) and more beautiful than others (M=3.26; SD=1.21 vs. M=2.96; 
SD=1.12; p<.05). Familiarity with the place did not significantly influence the results (p>.05). As we 
expected, the different locations elicited different ratings; e.g. in terms of how enclosed or open a space 
was. This indicates that the points we selected were sufficiently dissimilar to introduce variance. On 
average, the randomly recruited volunteers rated the locations as ordered, public, secure, spacious, 
interesting, and beautiful. The items spacious and open, interesting and beautiful, and interesting and 
like, as well as beautiful and like, intercorrelated significantly (all r²>+.50) and thus likely measured 
similar constructs of the environmental appraisal, as expected.  

Finally, when comparing results of each of the four groups we had created, the result pattern was 
sufficiently similar to aggregate the data across participants for further analysis of how spatial 
characteristics and subjective impressions could be linked across the data. Thus, we correlated the 
aggregated set of 550 impressions (25 participants at the four sets yielding the 22 locations) to the spatial 
measures derived from VGA (Figure 2). Results indicated that participants rated locations that had 
larger views in the 180°-isovists as more chaotic (r²=+.57), more public (r²=+.34), more insecure 
(r²=+.43), and more open (r²=v.47). They rated more integrated segments as more spacious (r²=+.41) 
and open (r²=+.38); and longer segments as less interesting (r²=-.61) and less beautiful (r²=-.54). 

Discussion: We found relationships between some isovist characteristics and some facets of 
environmental appraisal (mainly privacy, security, openness and order), as well as links between 
segment measures and spaciousness, interest, and ratings of perceived beauty. As such, our initial 
hypothesis was only partially accepted; H1: locations with a larger field or view were indeed rated more 
open and public, but not necessarily as spacious and more interesting; and, unexpectedly, they were also 
experienced as more chaotic. Segment analysis was linked to ratings of interest, but reversed, as longer 
segments were less interesting and beautiful.  

3



 Proceedings of the 12th Space Syntax Symposium 

 

 

   
Figure 1. Characteristics of the selected site with locations for subjective impression ratings; subjective ratings: examples 

interest, beauty and liking per location; steps in crossing the square; and observed trajectories and activities across the site. 

        
 

Figure 2. Relationships between subjective ratings and VGA and segment analysis for all locations (aggregated data across 
participants and locations; correlation analysis, r²; red=1, blue=-1, white = 0); VGA Isovist Area 360° (top right) and 
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We are aware that the results of these observational studies are explorative and qualitative data, that 
would benefit from further comparisons of different city squares in different contexts, and a refinement 
of ‘why’ these activities, trajectories, and subjective ratings occur. As such, we would like to encourage 
the space syntax community to conduct further studies within this field to measure the link between 
subjective impressions and spatial measures using larger datasets and refined methods.  

3. STUDY 2: ENVIRONMENTAL APPRAISAL OF STREETS AND THE LINK TO 
FORMAL REPRESENTATIONS OF SPACE UNDER VARYING SOCIAL DENSITY 

Introduction: In Study 2, we explored environmental appraisal in terms of an additional, systematically 
controlled factor; i.e., the presence or absence of other people in the scenes. Social density, i.e., 
perceiving the presence of other people in a shared space, is important for urban experience (and likely 
urban stress), as the awareness of others can be linked to emotional responses (Stokols, 1972; Baum & 
Paul, 1987); i.e., to both positive (Hwang et al., 2012), as well as negative experiences (Eroglu & 
Machleit, 1990). For instance, highly crowded spaces may explain differences in ratings of safety of an 
environment (Stamps, 2015). Individual responses to density are dependent on context and individual 
differences, such as previous experiences and socio-cultural characteristics (Rapoport, 1975). For 
instance, in a retail context and without time or other pressure, social density may be less stressful 
during leisure shopping, compared to a situation in which after a long day of work has to pass a highly 
crowded transportation hub. Yet, it can be assumed that to most persons, extreme levels of crowding 
are related to negative responses.  

The current study continues earlier research about the construct of perceived urban density, which 
indicated that the number of visible buildings in an environment influenced the perceived density of 
street configurations (Emo et al., 2016). The main idea of the current study was that not only buildings, 
but also the presence or absence of people (as an element of urban spaces that is only indirectly 
controlled in architectural design) influences how we experience space. Our two key hypotheses in 
Study 2 were H1a) that the presence or absence of people would influence different experiential and 
functional qualities of space, and H1b) that the spatial characteristics of the scene may be linked to these 
ratings that reflect environmental appraisal. 

Datasets and Methods: We conducted a virtual-reality study with 45 participants (15 per condition, not 
the same participants as in Study 1), and systematically controlled three conditions of social density: 1) 
no people/control group, and 2) low and 3) medium density as experimental group (Figure 3). As 
secondary, exploratory analysis, we also compared these three conditions to existing data from a field 
setting that used the same locations (cf. Bielik et al., 2019).  

Spatial density as measure in architecture in its most basic definition is the ratio between the available 
space and the number of entities in that space (Berghauser & Haupt, 2010; Rapoport, 1975); with such 
entities being people/population density, but also the gross floor space (e.g., building blocks and their 
sizes) and service density, which, together, relate to the quality and performance of an environment 
(Berghauser & Haupt, 2010). For the density setting, we first considered the distances between people 
(Hall, 1966); i.e., for close 0.75-2.1m and for far away 2.1-3.6m away from the participant. Yet, 
outdoors, this measure visually appeared relatively unnatural. Thus, we subjectively added a few more 
avatars to fill-up the space. Therefore, we set the low density of people in our study to 600m²/person, 
and the medium density 150m²/person. With a custom script, we randomly placed the virtually 
simulated avatars into our model and manually corrected them to look as if they were walking along the 
street. We did not place avatars close to the vantage points, as earlier tests had shown avatars close to 
the participant to feel uncanny in virtual reality (this would have influenced the ratings in a way that is 
interesting for future research, but that was not the goal for the study described in this article). We also 
did not place any avatars on streets that in reality had traffic (i.e. avatars were only placed on walkways 
along the streets). The avatars remained at fixed locations for each participant and scene.  

The selected site was a neighborhood in the city of Weimar, Germany, and six vantage points for the 
ratings, along streets that differed in their isovist characteristics. We created a virtual urban environment 
that only consisted of abstracted, grey, geometric volumes in a ‘level of detail 2’, because we sought to 
cancel-out effects of aesthetic and ambient elements. In a similar fashion, the avatars for social density 
consisted of white, abstracted, non-moving avatars. The reason for these two choices was that our aim 
was to focus solely on the geometry of the space (building blocks, views at vantage points) and not on 
additional ambient or atmospheric factors (greenery, materials, detailing, weather, moving persons). 
The sky was set to a dark tone of blue (compromise solution); the sun was set at a stable point.  

5



 Proceedings of the 12th Space Syntax Symposium 

 

   

Figure 3. Three conditions with differing settings (no people, low social density, medium social density) in a virtual reality 
geometry-based environmental simulation. (Note: this image is one example of a vantage point. At other points, avatars may 

have appeared closer). 

We immersed participants using a head-mounted display into six viewpoints along the virtual street. 
These viewpoints had different isovist characteristics (e.g., differences in the measures of isovist area, 
perimeter, compactness, and occlusivity). Participants answered to a custom-made questionnaire for 
environmental appraisal that included rating experiential and functional qualities of the space. 
Experiential qualities were assessed on a 7-point semantic differential scale with 13 items that were 
supposed to measure the constructs spatial density (spaciousness, enclosure, lighting, density), social 
density (crowding, arousal, dominance), spatial characteristics (complexity, order and privacy), and 
emotional responses (security, interest, pleasantness). In addition, functional qualities of the space were 
estimated by responding to five statements; i.e., “I would enjoy (living/shopping/working/relaxing) in 
this area” and “I would avoid having to return to this area” (also cf. Gehl & Svarre, 2013).  

In addition to the isovist analysis using the 180- and 360-degree measures area, perimeter, and 
occlusivity, we also calculated, per location, spatial characteristics, such as horizontal area, vertical 
area, and area of visible sky. The experimenter was present at all times, to ensure that participants were 
fully focused on the experiment and could ask questions, if necessary. All instructions were provided 
visually in the virtual environment, so participants could complete the experiment without further 
assistance. After the questions in the virtual reality study, participants filled out a demographics 
questionnaire. The study took around 30min. After the study, participants were fully debriefed. 

In all three conditions, we had roughly the same amount of male and female participants; and across 
conditions, roughly half of our participants were men (53%). The average age was 27 years (SD=4). 
About one third of all participants were German (35%). Over half of the participants spent their life in 
a metropolis or a large city (each 29 %), and less in a small city (20%), town (18%) and village (4%). 
Most participants were students in the field of architecture/urbanism (35%), civil engineering (18%) 
and design (11%). Nationalities varied between the three experimental conditions, since we did not 
control this factor. In an exploratory fashion of analyzing effects of demographics, we did not find 
differences. Yet, it should be noted that the sample size is too low to properly examine inherent 
demographic effects. We also initially controlled for a need-for-privacy trait, and calculated how well 
participants were able to judge distances and sized in VR. Since the results were insignificant, we do 
not report this here. 

Results: Concerning the study’s key aim, the comparison across the manipulations of density, we 
identified a significant difference in the ratings of the six viewpoints (F(2,42)=3.33, p=.001): these 
were rated as more open (F(2,42)=3.33, p=.05) when more people were present in the environment (no 
people M=.31, SD=1.86; low density M=.74, SD=1.65; medium density M=.79, SD=1.44). When the 
most people were present (medium social density), participants rated the locations as more crowded or 
less empty (F(2,42)=15.77, p<.001; no people M=-.63, SD=1.89, low density M=-.71, SD=1.48, 
medium density M=1.01, SD=1.14). Our construct of ‘emotional responses’ (with the bipolar items 
secure, interesting, and pleasant) unexpectedly did not differ at all between our three density conditions 
(one example, for pleasantness: no people M=.81; SD=1.31; low density of people M=.78, SD=1.45; 
high density of people M=.66, SD=1.52; F(2,42)=.13, p=.87). 

Across conditions the viewpoints were rated similarly for the bipolar items spacious (M=.73, SD=1.75), 
open (M=.61, SD=1.67), bright (M=.88, SD=1.60), and dense (M=.22, SD=1.58). In general, all three 
environments across viewpoints were rated as simple (M=.14, SD=1.56), ordered (M=1.17, SD=1.32) 
and public (M=1.77, SD=1.47). Only one of the six locations was rated very differently than all other 
locations; i.e. as narrow, enclosed, and dark. The finding that viewpoints were rated similar is slightly 
problematic, because the viewpoints were set up to contain sufficient variance for the isovist 
characteristics, as well as contained differing levels of manipulated social density. The items of the 
constructs were interrelated as follows: ratings of privacy correlated with perceived spatial density, in 
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terms of rated enclosure (r² =+.42, p<.01), perceived spaciousness (r² =+.36, p<.01), lighting (r² =+.38, 
p<.01); ratings of order related to ratings of crowding (r² =-.34, p<.01); and ratings of complexity to 
ratings of interest (r² =-.40, p<.01).  

In terms of perceived functional qualities, no effects between the three conditions were found. For 
instance, between the groups, we did not find any correlations between the spaciousness and the 
avoidance ratings; i.e., for the statement “I would avoid having to return to this area”, we found a 
tendency towards significance between conditions: both density conditions appeared to be more 
preferable than the environment without the avatars (no people M=1.33, SD=1.40, low density M=-.68, 
SD=1.60, medium density M=-.74, SD=1.69; F(2,43)=2.87, p=.09). This side finding may indicate a 
direction towards finding that empty virtual environments seem less natural (or perhaps even spookier) 
–  this could be a subject for future studies with higher sample sizes. (To the authors, it would seem that 
for ratings of environmental appraisal, empty environments may be experienced quite differently than 
those with simulated crowding. So far, researchers still often use socially-devoid virtual environments 
when simulating buildings and urban environments). 

As Figure 4 summarizes, three isovist properties (i.e., area, perimeter, and occlusivity) correlated with 
two indirect measures of perceived spatial density (spaciousness and enclosure); with the strongest 
relation between perimeter and ratings of enclosure (r² =+.45, p <.01). The more compact the selected 
locations were, the simpler (r² =+.38, p <.01), more ordered (r² =+.35, p <.01), less crowded (r² =-.36, 
p <.01) and less interesting (r² =-.32, p <.01) the environments were rated. In the condition of medium 
density of people, the relation between compactness and ratings of crowding was the strongest (r² =+.47, 
p <.01); and it was the weakest, when people were absent (r² =+.37, p <.01). The larger the horizontal 
area, the more complex the environment was rated. A relation between the vertical area, amount of 
visible sky or amount of people was not observed.  

 
Figure 4. Results from correlation analysis between isovist properties and subjective ratings. 

 
Figure 5. View of all checkpoints for the ratings – real (above) and virtual (below) environment 
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In the last analysis, we compared the virtual reality results against existing data we had for the same 
locations and same street from the field (cf. Figure 5). However, only the ratings of two impressions 
correlated significantly with each other in the aggregated virtual reality and real-world study: 
spaciousness (r² =+.53, p<.01) and enclosure (r² =+.41, p<.01). An additional descriptive analysis 
indicated that the environment in our virtual reality study was rated as much more public (VR: M=1.77, 
SD=1.47, Real: M=.98, SD=1.37), and ordered than the field setting (VR: M=1.17, SD=1.32; Real: 
M=.44, SD=1.33). A significant influence of density of people on the relations between ratings in virtual 
reality and real-world study was not found. As such, it appeared that the virtual and real environment, 
in terms of subjective evaluations, were rated the same. 

Interestingly, the majority of the participant reported that the inserted avatars were sufficient to 
represent real people (63%). However, this was not reflected in ratings of the quality of virtual reality 
simulation: participants of the group of high social density rated their experiences as the least similar to 
real-world experiences and they felt less presence in the model than participants of two other groups. 
The reason for it might not only be related to the visual representation of people, but also to the 
representation of the environment as well as the limitation of virtual reality techniques in general. 
Individual comments of participants indicated that they missed soundscapes in virtual reality, found it 
odd that the avatars were abstracted and static, and that they found the viewpoints for the ratings were 
too similar. One participant commented “should I imagine that it is crowded?” – this is clearly a very 
good description of the issue with the density setting. Given the results, we argue that the density 
manipulation in our study was likely too weak to elicit measurable responses. 

Discussion: In sum, considering the variable of density of people, only the difference in relation 
between isovist properties and crowding was reported, but other results remain rather inconclusive. 
Based on the findings, we had to reject our hypotheses, H1a) that the presence or absence of people 
would in general influence different experiential and functional qualities of space, and H1b) that the 
spatial characteristics of the scene were overall linked to these ratings. Very likely, the manipulation of 
low and medium density was too similar across the settings to be able to ‘bother’ participants. 
Alternatively, we could argue that, in this artificial setting, perhaps the manipulated density was 
uncanny, or not majorly influencing spatial experiences. Three isovist properties correlated significantly 
to ratings of spaciousness and enclosure: and compactness correlated to ratings of complexity, order, 
crowding and interest. Along with other studies on this subject, these results confirm that there is a 
relation between objective characteristics of an urban environment (in our study: the field of view) and 
subjective ratings of environmental appraisal in an urban context. However, for the density evaluations, 
the results were weak. 

Taken together, although the results were noteworthy, the presence of others, in the context of the way 
we manipulated social density, did not strongly influence environmental appraisal. As our choice of low 
and medium may not have triggered sufficient differences between the conditions, in follow-up studies, 
the density manipulation could benefit from more extreme settings. In addition, moving people would 
probably be more realistic for immersive purposes than static avatars. Finally, the level of realism for 
these virtual reality studies could be examined further (i.e., if the environment is reduced to geometry, 
was it a good choice to use congruent avatars, which were also reduced to geometric figures?). Finally, 
future studies could also start looking into how to examine social and spatial density high-density city 
streets (i.e. in relation to avoidance behavior and discomfort, rather than environmental appraisal) and 
in different contexts (such as wayfinding and decision-making, also cf. Jazuk et al., 2018; along with 
dynamic appraisal/experiences, in different context/scenarios), or using different measures (such as 
physiological responses, eye-tracking, or electroencephalography/EEG).  

4. CONCLUSIONS  
In Study 1, randomly recruited volunteers were standing at predefined static viewpoints and asked to 
judge the spatial scene in their field of view, using semantic differential scales. In addition, we collected 
movement patterns and activities via observation of an urban square during one week. In Study 2, we 
systematically manipulated an urban square and reduced the environment to abstracted geometries, with 
abstracted people/avatars present, and participants again rating a static view.  

Given this context, we are aware that our results are bound to the specific site we studied (thereby 
leaving out cultural differences, dynamic experiences of the space while moving, and so on). However, 
the work may be serving as reviving previous debates and scarce research concerning the link between 
space syntax and human perception – and we would like to stimulate such discussions during the 
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conference. For instance, quantitative descriptions and representations of space do not represent any 
atmospheric, ambient, tactile, sensory (etc.) features, or dynamically changing variables, such as 
illumination and soundscapes. Given that they are representations, this is not surprising (but cf. 
discussion in Dara-Abrams, 2006). At the same time, these representations have since decades had huge 
success in its use for spatial analysis and predictions of movement patterns and decision-making in 
space (Haq & Zimring, 2003; Hillier & Hanson, 1984; Hölscher, Brösamle & Vrachliotis, 2012; Kuliga 
et al., 2019; Peponis, Zimring & Choi, 1990). There is an inherent link between spatial characteristics 
defined during formal analysis and measurable subjective responses, and more refined studies could 
perhaps move beyond findings of a relationship between isovist area and spaciousness or openness, to 
other concepts. With demographic changes, i.e., the rise of populations worldwide, reinvestigating 
social density and environmental appraisal in relation to spatial measures and different contexts could 
be a promising research avenue. 

A follow-up study to the work presented in this paper could introduce more control about the interaction 
of environmental aspects and responses; i.e., compare different squares/streets, and use more controlled 
studies in comparisons of laboratory and field research to tackle the link between morphology/geometry, 
social density, and dynamic environmental appraisal. With the idea of quantifying responses to urban 
morphology, recent studies have examined how geometric properties, such as the form of the building 
and street network, as well as non-geometric properties of the space, such as sound, temperature, and 
light influence dynamic urban perception and experience (Bielik et al., 2019, 2015; Kuliga et al., 2015; 
Ojha et al., 2018). Those authors have examined both physiological responses and subjectively rated 
experiences along walks through the city using a field study, which they replicated as 360-degree 
immersive virtual reality video, and an abstracted model that indicated only the geometric properties of 
the same space. Their findings indicated that measures of the street network and two-and three-
dimensional isovist analysis hardly predicted physiological responses but were linked to subjective 
ratings of appraisal with reasonable accuracy (Bielik et al., 2019). Such studies appear promising to 
better understand how quantitative representations of space are linked to subjective experiences. Using 
wearables to collect data in response to an environment (Mavros, Austwick, & Smith, 2016; Neale et 
al., 2017), despite their current technological downsides, may be a methodological way to further 
untangle responses to different spaces, as they occur in time; e.g., while individuals walk along a street, 
or through different buildings.  

In conclusion, for a quantification of urban or building experience that could lead to a prediction of how 
space is perceived based on spatial analysis alone (e.g., on using space syntax techniques and isovists 
in planning stages, as rapid pre-occupancy evaluation of different plans), we may need further step-by-
step analysis of the relative impact each of the potential set of major and minor variables that add to the 
subconscious and conscious dynamic interplay of human-environment interaction and experiences.  
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