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Figure 5 - EECRI Isovist Area Analyses from Observation Points.

On the other hand, in the section analyses, as the floor height is 3.00 m, eye level is considered 
to be located at the 1.50 m regarding age related shortened stature. As the section boundaries 
are set according to building heights, horizontally configured  MECRI and vertically configured 
EECRI  have different  isovist areas based on these geometric layouts (Figures 6 and 7). A user 
at eye level can have maximum visibility potential with reference to the configuration of the 
circulation spaces at the node. Presumably, MECRI circulation spaces have vast potential at 
the section level; an elderly can easily see both interior and exterior dynamic life, so the isovist 
areas are larger than EECRI. 

Figure 6 - MECRI Section Isovist Area Analyses from 
Observation Points.
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As it can be seen from the sectional isovist area analyses, related to its horizontal layout MECRI 
has the highest isovist area values of front garden from A Block entrance, and the converted 
corridor area located on the first floor. The front garden is the immediate exterior space with high 
mobility and dynamism; lower status users appreciate their larger panoramic views more than 
the higher status users. On the other hand, vertical configuration of EECRI maintains highest 
levels of isovist area around the social centres which also explains the reason of increased 
social interaction in these nodes. Corridors are deep spaces which are only used for circulation 
as the user frequency observations also suggest. According to the spatial configuration of the 
buildings, the section analyses show that MECRI expands the social interaction horizontally, 
while EECRI accumulates social interaction in the centre around the social block.

Figure 7 - EECRI Section Isovist Area Analyses from Observation Points.
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4. ANALYSES AND RESULTS OF THE CASE STUDY                                      

Behavioural and syntactic data obtained from the circulation spaces of the elderly care 
institutions, are analysed and compared through SPSS (Statistical Package for the Social 
Sciences) software. As the literature suggested that elderly people prefer to be a part of the 
action as the audience rather than an active participant, the configuration of the social interaction 
spaces, was attached importance. However as it was observed, elderly behaviour was different 
in the circulation spaces of the institutions. The linearity of the low rise horizontal configuration 
enabled users to transform and convert the functions of the predesigned circulation spaces in 
favour of social interaction, while the compact/vertical configuration maintained its defined 
function-space relationship. Therefore, it is seen that both configurations have adaptive and 
non-adaptive determinants on spatial behaviour. 

The observation method, helped to determine the actual usage frequency of elderly residents, 
and it was observed that in MECRI they were interacting within spaces which did not include the 
intended functions. It was determined that the most frequently used spaces in the institution 
were the A Block entrances, connection tubes (corridors) and the thresholds of these transition 
spaces instead of the configured social interaction spaces. Although the interaction was 
side by side instead of face to face in the linear order, elderly users moved social spaces to 
shallow regions. The fact that in the general spatial configuration, the spaces where the social 
interaction could be formed, such as the multi-purpose hall and cafeteria, were overlooking the 
backyard, yet not meeting the sensory and affective needs of the elderly, lowered their usage 
frequency. Elderly users preferred not to use these designated spaces, both because of their 
perceptive distance from where corridors needed to be walked and the unwillingness to reach 
there by passing through administration halls.

The results of the comparison of total user frequencies acquired from the observations with 
values of integration, connectivity, isovist perimeter and isovist obtained from planar analyses 
are given in Table 2. As the table shows, these values were positively correlated with the 
user preferences in MECRI’s circulation areas, whereas in EECRI there was no significance in 
correlations. As mentioned before, elderly residents in EECRI preferred to spend time and 
socialize in the predefined social activity spaces and they used the circulation areas solely for 
passing functions. The largest values of isovist area in EECRI were obtained from the block 
entrances. Although these points are located on thresholds, predefined functions of the spaces 
attracted more users and thus frequency of usage was higher in these nodes. Integration values 
on the other hand, overlapped with functional usage located on the central axes, so this value 
did not reflect any significance in correlation on the circulation routes. 

In the case of MECRI however, we see higher values of correlation with the user frequencies 
and syntactic data. As it can also be seen from Table 2 and Table 3, the highest values of both 
isovist area and integration within the interior of the institution, were collected from the 
circulation tubes that connect the building blocks together. Even though they may be located 
on a relative shallower section of the configuration, the assigned spaces for social activities 
however, remain on the opposite side of the garden view. Therefore, it was not surprising to see 
that the elderly residents preferred to spend more time on these circulation routes, where there 
is movement and sunshine; thus they socialized by means of encountering and interaction. We 
see a transformation of circulation spaces into social interaction spaces; i.e. we see a softened 
programming. Regarding the regression analyses of usage frequency and syntactic values in the 
circulation spaces, a significance was seen in the correlations of usage frequency-integration 
R=0,752*, p=0,031<0,05 and usage frequency-isovist area of MECRI R=0,759*,p=0,024<0,05. 
Whereas in EECRI correlation of usage frequency-integration and usage frequency-isovist area 
presented no significance.  As seen in the simple regression analysis, EECRI circulation spaces 
are used for transition, while MECRI circulation spaces for social interaction.
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Institution Behavior Modes

Syntax Values From Layout

Isovist Area
Isovist 

Perimeter
Integration Connectivity

MECRI

Chilling
R=0,586 

p=0,127>0,05
R=0,572 

p=0,134>0,05
R=0,594 

p=0,120>0,05
R=0,585 

p=0,128>0,05

Watching/ 
Reading

R=0,340 
p=0,410>0,05

R=0,353; 
p=0,391<0,05

R=0,313; 
p=0,0450<0,05

R=0,321 
p=0,438>0,05

Chatting
R=0,686 

p=0,061>0,05
R=0,706 

p=0,050=0,05
R=0,690 

p=0,058>0,05
R=0,691 

p=0,058>0,05

Total Usage 
Frequency

R=0,759 
p=0,024<0,05

R=0,768 
p=0,0264<0,05

R=0,752 
p=0,031<0,05

R=0,751 
p=0,032<0,05

EECRI

Chilling
R=0,484 

p=0,224>0,05
R=0,682 

p=0,063>0,05
R=0,437 

p=0,279>0,05
R=0,430 

p=0,276>0,05

Watching/ 
Reading

R=0,265 
p=0,526>0,05

R=0,493 
p=0,214>0,05

R=0,213 
p=0,612>0,05

R=0,229 
p=0,585>0,05

Chatting
R=0,232 

p=0,581>0,05
R=0,387 

p=0,343>0,05
R=0,194 

p=0,646>0,05
R=0,200 

p=0,634>0,05

Total Usage 
Frequency

R=0,337 
p=0,414>0,05

R=0,537 
p=0,170>0,05

R=0,290 
p=0,486>0,05

R=0,299 
p=0,472>0,05

Table 2 - Syntax Values from Layout.

In the section analyses a mild correlation can be implied between isovist areas and watching/
reading, functions contrary to expectations of chatting function which suggests a social 
interaction. However we can interpret this situation in relation to the preference of elders being 
an audience, as the users prefer to occupy socially interactive spaces with large views in MECRI 
even though they are busy with individual actions.    

•	 In MECRI users prefer to spend time in integrated circulation spaces containing movement 
and dynamic activities, closer to their private room units, while EECRI users prefer to  act 
with the designed configuration as getting social in social activity spaces and only using the 
circulation routes that are close to these socially interactive spaces. 

•	 MECRI users prefer to be side by side while in EECRI privacy control is preferred. 

•	 As the level of education increases, movement according to configuration increases, 
layout can be easily decoded and used; however the formal or flexible manners of the 
administrations also play a major part .

•	 Socioeconomic factors also affect the social interaction, relations with the neighbour users 
and immediate environment gains importance as the income level drops; whereas access 
to exterior socio-cultural life increases parallel to the level of status. Relatively lower social 
status is observed to be in connection with traditional social interaction levels such as 
conversations with neighbours on streets or village weddings of Anatolian cities. 

The case study conducted in the elderly care institutions focused on the interrelation of effects 
of spatial configurations on the spatial behaviours of elderly users, and the responses towards 
the configurations, by means of mutual interaction and conversion. Therefore in MECRI we 
see that transformation of linear circulation spaces into social gathering areas, where user 
frequencies of socio-petal functions complies with syntactic outcomes, are related to the social 
interaction needs of the elderly residents. On the other hand, EECRI strictly follows the rules of 
predesigned spaces of the vertical configuration and use the assigned functions, even though 
syntactic outcomes may indicate deeper spaces.     

The horizontal geometric configuration in  MECRI has a structure that frames the front garden 
with three main blocks and connection corridors linking them together. This causes the spaces 



Proceedings of the 11th Space Syntax Symposium

125.14SOCIAL INTERACTION IN CIRCULATION SPACES OF ELDERLY CARE INSTITUTIONS

of social interaction within the building to concentrate on the borders. In EECRI, the vertical 
configuration directs users towards centralized predesigned social interaction spaces which 
are closer to the garden. In addition differences between a multi-storey, tower-like structure 
of EECRI, and horizontal, low-rise human scaled formation of MECRI also affect elderly spatial 
behaviour. The effect of garden panorama in MECRI is an important factor of social interaction 
by aligning the garden with the corridors forming the borders. In EECRI garden panorama 
is accessed from the  rooms on the upper floors. As it is shown in the above explanations, 
dynamics such as cultural structure of the elderly, level of education, economic level and social 
environment can influence the formation of the spatial configuration of social interaction of 
circulation spaces of elderly institutions.

5. CONCLUSION AND DISCUSSION

As we live in a world where the population of people aged over sixty increases and family 
structures continue to change towards a nuclear family, it is relevant that the design of  
institutions which cater to the elderly receive more attention by the architectural community 
in order to utilize features such as spatial configuration and socio-behavioural patterns to the 
benefit of elderly residents. In this research it is seen that by exploration of the spatial features 
of elderly care institutions, controlled choices and easy access to social areas gain importance 
in relation to social status of the users.  Relationship between spatial  configurations and socio-
behavioural parameters such as aging, adaptation and interaction of the elderly users rely on 
their spatial perceptions and competencies based on movement patterns. As a result of the 
research conducted it is evidenced that different configurations have different effects on the 
spatial behaviour and perceptions of the elderly, who may choose to adjust configurations or 
reject and reorganize them according to sensory and affective needs, user interactions or socio-
cultural backgrounds.

Horizontal low-level design leads to a  more flexible structure for peripheral access to the 
interior and exterior. Areas of social interaction necessitate easy access so as to allow elderly 
users this peripheral access regardless of active participation. An additional affective factor 
is the institution’s administrative support and positive reaction to elderly user’s preferences.  
Furthermore  an increased amount of linear routes, where both residents and guests frequent 
the space also contribute to the social interaction in circulation areas. These factors offer elderly 
users a theatre like experience to observe the dynamics of the facility regardless of participation. 

In this context, it is recommended that a suitable approach in the design of elderly institutions 
such as areas for social interaction follow hard programming that allows users of the 
configuration to be adjusted to harmonize with the spatial behaviour of the elderly enabling 
users to feel safe and in greater control of both social interaction and privacy leading to a better 
quality of life in elderly institutions. These findings can be transferred into future investments 
and designs of elderly care institutions in order to ensure the specific needs of this age group, 
such as considering the physical, psycho-social and psycho-spatial features of the architectural 
designs.
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#126
MAPPING THE CROWD FROM WITHIN
An immersive strategy for the recording and management of visual information 
in the shape of people as a complement to syntactic spatial analysis.

ABSTRACT

The study of pedestrian and crowd behaviour is central to space syntax theory, methodology 
and procedures. Indeed, within its theoretical corpus, it is considered to be an epiphenomenon 
of urban space. Yet, whereas urban configuration has received careful phenomenological 
treatment, people, on the other hand, have been readily reduced to abstractions from the 
outset, considered only as numbers derived from gate counting or agent-based simulations. As 
a result, the gathered evidence regarding such information has remained both methodologically 
and representationally weak. It has been methodologically weak in that predictions regarding 
people behaviour do not necessarily match actual reality; and representationally weak in that 
people understood as real bodies in movement through space are abstractly recorded, thus 
preventing a phenomenological simultaneous cross examination of these two complementary 
realities. The work presented here aims to complement space syntax’s evidence-based stance 
regarding the prediction of pedestrian behaviour by providing de facto evidence regarding the 
patterns of people’s presence and/or absence in urban space. At present, two strategies lead the 
way: mapping the crowd “from above”  (a technique whose development is well underway) and 
mapping the crowd “from within”. It is argued here that the lack of development of the latter 
option comes not from any shortage of technology but from the absence of an ad hoc immersive 
strategy capable of dealing with the complexity of an emergent phenomenon such as the 
crowd from within. The strategy presented here automatizes people detection and is capable 
of providing values for the amount of information in the shape of people (area of our visual field 
photographically abstracted populated by human bodies) thus complementing the discreet 
datum (number of people) provided by “from above” crowd techniques. Compatibility with a 
parametric space syntax platform allows simultaneous cross-examination of both integration 
and crowd analysis values, thus strengthening space syntax’s people-related predictions. Also, 
the resulting interface allows for a clear communication of findings in the field to non-initiated 
actors involved in the process of city making.

KEYWORDS

Crowd, Phenomenology, Optical Flow, People Detection, Space Syntax.
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1. INTRODUCTION

Throughout The early sixties saw the publication of two books that would change forever our 
understanding of the urban phenomenon. In 1960, Kevin Lynch published “The Image of the 
City” (Lynch, 1960) and in 1961, Jane Jacobs published “The Death and Life of Great American 
Cities” (Jacobs, 1961), both of them giving birth in their own particular ways, despite their 
evident scientific weaknesses, to the evidence-based urbanism paradigm. Two lineages of urban 
thought defined by their choice of core object of study. Inasmuch as it derives its knowledge 
from the study of the built city- whether contemporary or ruined- the former is characterized 
by its intrinsically archaeological nature. That is, it seeks to retrieve urban knowledge from the 
study of the built city. The latter in turn is characterized by its anthropological nature in that it 
derives its knowledge from the observation of people or, if preferred, from the study of people 
behaviour. Whereas the former has been able to develop and establish a highly organized 
methodological/analytical corpus and, in doing so, of building an impressive portfolio of 
evidence, the latter, in contrast, has remained analytically underdeveloped. As a direct result 
of this- save a few notable exceptions (Gehl 2001, 2010, 2013)- it still possesses little evidence 
to support its claims. 

Thus when it has come to retrieve, process and communicate urban space related information, 
researchers in the field (notably, space syntax´s researchers) have been at their most scientifically 
rigorous with their own quest as well as demanding with those of others. Yet, when it has come 
to retrieve, process and communicate information in the shape of people (which ultimately 
validates space syntax analysis predictions) they have behaved rather complacently. To be sure, 
complacently from a phenomenological point of view. It is with the aim of overcoming this 
state of contentment regarding the handling of information in the shape of people in urban 
analysis as well as of furthering the development of the Jacobs´ lineage of urban thought that 
this project was conceived. This paper proposes to do this by means of furthering Whyte´s 
seminal immersive video photographic strategy. One that due to the inherent restrictions of 
the documentary format- i.e. one point of view and as a result of this, low record intensity- 
did not yield all its potential fruits. Today’s proliferation of and easy access to video recording 
devices and fast data processing make possible the continuous and simultaneous mapping of 
vast urban areas, allowing a thorough comparative analysis between all comprised streets.

The strategy here proposed yields no predictions regarding people behaviour. Rather, it reveals 
ipso facto where in the city people tend to be present or absent and in what degree. This paper 
presents the results of a first attempt at automatically detecting and quantifying the continuous 
amount of people present in any given video record taken from a pedestrian point of view while 
at the same time suggesting ways of linking these results to space syntax related platforms. In 
doing so, the authors believe they are opening the path for a comprehensive immersive study of 
what is commonly known as the crowd, a path with the potential of including all the qualitative 
aspects of people perception or, if preferred, face-to-face communication down to its finest 
phases. The authors also believe it has all the potential to enrich and become a viable immersive 
complementary tool for space syntax´s so far abstract people related studies.

During the period that it was a contractors’ camp, Vila Planalto was populated by workers, 
engineers, and businessmen of the construction of Brasília as well as politicians who sporadically 
passed through until the inauguration of the new capital. Currently, this neighbourhood is the 
result of the merged remnants of five contractors’ camps: 1) Tamboril, 2) DFL (Department 
of Force and Light), 3) Pacheco Fernandes, 4) Rabelo, and 5) nine lots of EBE camp (Brazilian 
Engineering Company), plus a Sector of small farms (Figure 2). 
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2. DISTINGUISHING THE LYNCH FROM THE JACOBS LINEAGE

“Everything in the realm of fact is already theory” 
(Goethe)

According to phenomenology´s herald Johann Wolfgang von Goethe, every “thing”, every 
“object”, properly contemplated and characterized, is already its own theory. Hence the enduring 
Goethean admonition: “seek nothing behind the phenomena, they themselves are the theory.” 
(Goethe & Miller (ed.), 1988, p. 307). Seen this way, any quest for knowledge presupposes, 
above all, a clearly distinguished object of study. More to the point, it presupposes first hand 
experience of the chosen object of study. From this point of view, the foundational question 
for any knowledge seeker would be: Which is your object of study? Or, in more contemporary 
fashion: Which is your phenomenon of interest and study? Hence, the golden rule for a 
knowledge seeker of phenomenological extraction is- as Goethe would put it- to remain faithful 
to the object/phenomena/experience for therein lies his only chance of freeing himself from 
the grip of speculation and second hand information; indeed, his only chance of becoming a 
cognitively free human being. From this basal epistemological outlook, two distinct lineages of 
phenomenological extraction can be clearly distinguished within contemporary urban thought 
(Araneda, 2013a).

2.1 THE LYNCH LINEAGE

Characterized by its intrinsically archaeological nature in that it derives its knowledge from the 
study of the built city, this lineage can be roughly traced back to Kevin Lynch´s seminal work 
on the pedestrian perception of urban space while journeying through the city (Lynch, 1960). 
In other words, this lineage´s object of study is the city in all its material manifestations and 
states. Inasmuch as it retrieves its core knowledge from a study of the city´s two-dimensional 
morphology and topology, space syntax theory is directly linked with this lineage of urban 
thought. Moreover, it probably represents its most sophisticated and refined expression to 
date. This said, it must be borne in mind that space syntax is a phenomenology of a very specific 
nature: a phenomenology of city layouts, of city grids, for these are its chosen object of study. 
More recent development of DEM´s models took space syntax to its last ultimate methodological 
consequences in that it enabled a syntactic study of three-dimensional morphology of the 
city (Ratti and Richens 2004; Ratti, 2005; Morello and Ratti, 2007). We would argue that it is 
precisely its phenomenological origin that has granted space syntax with its quasi-irrefutable 
nature. Quasi, for it has been precisely its exclusive reliance on the axial map that has set off 
alarm bells regarding its effective reach. Criticism has been aimed at its intrinsically abstract 
nature and more precisely, at the inherently speculative nature of its predictions regarding 
patterns of pedestrian behaviour in urban space (Ratti, 2004; Seamon, 2007; Montello, 2007). 
This of course does not mean that space syntax researchers are not interested in the study of 
people. It simply means that they have not shown for people the same careful scientific interest 
they have shown for city layouts. As a result of this, its methods for retrieving people-related 
information do not possess the complexity, versatility and refinement that the space syntax 
software family exhibits. Furthermore, the platforms into which they are recorded and stored 
are not compatible.

2.2 THE JACOBS LINEAGE

This leads us to the consideration of another distinct lineage characterized by its anthropologically 
laden nature in that it seeks to retrieve knowledge not from the study of space but from the 
study of that other highly differentiated spatial manifestation within cities: human beings. 
Specifically, this involves the experience of perceiving other human beings while journeying 
through the city. This lineage can be roughly traced back- via William Whyte´s pioneering 
experiments with time-lapse photography in Manhattan (Whyte, 1980), Garretón’s “Cybernetic 
Theory of the City” (Garretón, 1975) and also, Edward T. Hall´s studies on proxemics (Hall, 1969)- 
to Jane Jacob´s seminal observations on the foundational importance of co-presence as a 
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means of securing the self-preservation of urban communities or neighbourhoods within cities 
(Jacobs, 1961). Indeed, thoroughly inspired by Jacobs´ work and exercising a rapidly expanding 
influence on current urban practice, Jan Gehl has come to characterize the perception of other 
people as the “city´s attraction number one” (in Goldsmith and Elizabeth (eds.). 2010, p. 237). 
Furthermore, from being closely linked to technological advances in building and housing 
technologies, the term “sustainable urbanism” has come to be understood as synonymous with 
people-centred urban and architectural design, just as Gehl has advocated for decades (op.cit, 
2010).

That said, while the Lynch lineage has been able to develop and consolidate a highly organized 
and complex methodological/analytical corpus and, in doing so, build an impressive portfolio 
of evidence, the Jacobs lineage has remained analytically underdeveloped and, as a result of 
this, with scarce and scattered evidence to support its claims. As Hillier put it, it has remained 
strongly prescriptive but analytically weak. Thus when it has come to retrieving, processing 
and communicating space related information, researchers in the field (notably, space syntax´s 
researchers) have been at their most scientifically rigorous. Yet when it has come to retrieving, 
processing and communicating people-related information they have not displayed the same 
phenomenological rigour. Indeed, most of the observational techniques compiled in space 
syntax´s observation manual belong to the anthropological tradition of recording activities by 
means of digital or analogue logs and therefore, do not allow for a visually eloquent mapping 
of people. This tradition was revised, compiled and updated by Dalton et al. in his paper “An 
iPad app for Recording Movement Paths and Associated Spatial Behaviours” where a number 
of tools such as “Pocket Observer”, “Outdoor Explorer”, “What I See” and his own app called 
“People Watcher” are explained in detail (Dalton et.al, 2012). It is to this tradition that the 
procedures explained in the observation manual for gathering people related information in 
space syntax studies belongs (Vaughan, 2001).

Another currently common procedure, also championed by Ratti and associates, consists of 
tracking electromagnetic signals emitted by widely used devices such as mobile telephones 
(Calabrese, Kloeckl and Ratti, 2008; Calabrese, F., Colonna, M., Lovisolo, P., Parata, D., Ratti, 
C.2011; Calabrese, Ferrari and Blondel, 2014). This kind of approach gave birth to the notion of 
“wikicity” and yields real time readings of certain kind of patterns, namely, those arising as a 
result of phone calls made during a monitored window of time. Here, the gathered information 
(electromagnetic pulses) is also reduced to an abstract format. People themselves- that is, 
human bodies in motion or stationary- are rarely, if ever seen. It is with the aim of overcoming 
this state of complacency regarding information in the shape of people that this project was 
conceived. It also seeks to further the development of the Jacobs´ lineage of urban thought by 
consolidating an equally consistent and encompassing analytical tool for studying the patterns 
of people presence and absence. Let us outline its methodological principles.

3. OUTLINE FOR A COMPREHENSIVE IMMERSIVE CROWD MAPPING STRATEGY

Time-lapse photography, the one methodological exception mentioned in the space syntax 
observation manual capable of directly dealing with information in the shape of people is only 
mentioned in passing and is not elaborated upon. Regarding Whyte´s (1980) strategy, Vaughan 
states: “the difficulty of time-lapse photography is finding a strategic location that provides a 
full picture of the space under observation and the ‘irritation factors’, such as trees and other 
people who get in the way of seeing what is occurring behind them.” (Vaughan, 2001, p. 14). This 
paper argues that inasmuch as it yields an isolated point of view of a determined place, time-
lapse photography´s real methodological shortcoming, as originally implemented by Whyte, is 
that it yields an anecdotic record and as such, is of questionable scientific validity. Moreover, it 
is here contended that the general underdevelopment of the Jacobs lineage of urban analysis 
is directly linked to the fact that its main object of study (people) poses difficulties inherent to 
all animate objects of study. However, such difficulties can now be easily overcome with the 
strategic use of video cameras in urban space. Therefore, despite its initial shortcomings, it is 
here argued that the Whyte strategy contains the seeds of a new and much needed systematic 
tool for recording the patterns of behaviour of people from an immersive, experiential point 
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of view. Put in phenomenological terms, it offers the possibility to map the behaviour of our 
visual field regarding the perception of people. In order for this to happen though, the video/
photographic record must fulfil at least five fundamental requirements: 

a. 	 To be taken at observer level, whether from a fixed point or from the point of view of a 
moving subject.

b. 	 To be taken under a comparable format (type of camera, type of lenses, type of lens 
aperture, etc).

c. 	 To be taken in the middle of pedestrian areas (not in the middle of streets as it is the case 
with Google Street View).

d.	 To be continuous in time (i.e. a continuous video record).

e.	 To be taken simultaneously in as many points as is desirable or necessary along the 
streets comprised within a chosen area of study. 

The implementation of these requirements yield a new pervasive kind of observational tool, 
a kind of Google “pavement” view capable of capturing, analysing, calculating and eloquently 
representing not only the state of the average citizen´s visual field in relation to the patters of 
presence and absence of people but also in relation to the patterns of presence and absence 
of the built environment and nature in all its manifestations i.e. mineral, plant and animal. 
(Araneda, 2013b, 2014; Araneda & Gatica, 2015).

4. CONCERNING AUTOMATIC PEOPLE DETECTION STRATEGIES

People detection remains a challenging field within computer vision, the focus being strongly 
placed at the moment on the refinement of quantification techniques in order to obtain the 
discreet number or amount of people in a given space. One of the main issues with which 
researchers in the field have to contend at the moment is the problem of occlusion of people 
by other people, which makes it difficult to obtain said number from the point of view of a 
walking observer (Tang et al. 2012, 2013, 2014; Dollár et al. 2010, 2012). This being the case, 
the most precise results in this regard have invariably been obtained from cameras situated 
not at observer level but at some height, such as security and vigilance cameras (Seer et al, 
2012; Johansson et al, 2012). This of course comes at a price, for while the occlusion problem is 
overcome and the discreet number of people becomes more exact, the immersive, experiential 
point of view is lost. 

Faithful to the immersive stance, the work here presented focuses not on the study of the 
discreet amount of people but rather on the detection, reading and quantification of the 
continuous amount of people present within our visual field photographically abstracted from 
the point of view of a pedestrian or if preferred, from the point of view of a moving subject or 
observer. In this methodological context, occlusion is not a problem to overcome. Rather, it is 
a variable intrinsic to the phenomenon under study. Put differently, the focus of this research 
is placed on what shall be called “information in the shape of people” in order to distinguish it 
from all other information contained within our visual field and photographically abstracted 
such as, for instance, information in the shape of buildings or of nature. Methodologically 
defined, visual information in the shape of people refers to all those points of an image (in this 
case, pixels) that are part of a human body. Each of these kinds of information constitutes a 
percentage of the total visual field, again, photographically abstracted. Together, they make 
up the total visual field or 100% of the photographic field. To the sum of these three kinds of 
information the authors call the “archetypal visual field” (Figure 1). The experiment sheds a first 
light upon the behaviour of this “cloud of people” that, much like clouds in the sky, constitute 
an emergent phenomenon characterized by being in a permanent state of change. In doing so, 
it begins to shed some light upon the behaviour of the average citizens´ visual field with regard 
to people perception in any given city.
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Figure 1 - The archetypal visual field of an urban pedestrian where green corresponds to “nature”, grey to 
“built environment” and red to “people”.

5. FIELD WORK

We will now examine the results of our pilot case to implement the above-described 
methodological strategy in three points of one of the busiest streets in the city of Concepción, 
Chile, at midday, on a sunny autumn weekday (Figure 2). In order to detect and distinguish the 
information in the shape of people from the whole of the visual field we resort to the “optical 
flow” technique of movement detection, which enables the automatic detection of all moving 
bodies in a video record 1. We worked with three video segments of 60 seconds each taken in 
three different points, each of them placed approximately in the middle of three contiguous 
blocks, i.e., at a distance of approximately 100 meters from each other. A fixed camera 
(smartphone Sony Experia) was used, set on a monopod at observer height and placed in the 
middle of the pedestrian available space. Two of the records were taken in the middle of the 
available pedestrian space, the third on a traditional pavement or sidewalk. The resolution of 
the record is of 1280x960 and it was processed at 680x480 pixels.

1	 The MathWorks web page defines optical flow as follows: “Optical flow is the distribution of the apparent 
velocities of objects in an image. By estimating optical flow between video frames, you can measure the velocities 
of objects in the video. In general, moving objects that are closer to the camera will display more apparent motion 
than distant objects that are moving at the same speed. Optical flow estimation is used in computer vision to 
characterize and quantify the motion of objects in a video stream, often for motion-based object detection and 
tracking systems.” (https://www.mathworks.com/discovery/optical-flow.html).

Figure 2 - Location of the three points of observation.
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The record was processed in Rhinoceros platform using the Grasshopper plug-in and an object-
oriented programming. The processing of artificial vision is carried out with the aid of “firefly”, 
a software package that allows near real-time data flow between real and digital worlds. 
The “optical flow” algorithm enables the automatic determination, frame by frame, of the 
percentages of image area (pixels) belonging to people. A continuous viewing of the record 
offers a first visualization of the behaviour of the “people cloud” in relation to our visual field. 
For illustrative purposes, below we show three filmstrips made up of 6 snapshots corresponding 
to segments of 10 seconds of the original record and their processed equivalents (Figures 3&4). 

Figure 3 - Filmstrips made of original snapshots for each point of observation.

Considering the total of the frame as 100%, the readings of information in the shape of people 
show a minimum of 1.8% for point C and a maximum of 24%  for point A with a mean average 
of 4.69% and a mean median value of 9% for the three sampled points (Table 1). However, it 
must be borne in mind that the size of the sample here presented (three points, one per block, 
all contiguous) does not allow the retrieval of a standard deviation between the values of the 
integration map and those obtained from our observation points. Thus a regression modelling 
between people´s presence and integration values has yet to be carried out.  We discuss this in 
the context of the previous pilot experiences carried out in the same city in the next section. 
A close look at the record shows that the maximum percentage observed corresponds to the 
moment people gets too close to the camera (See fig. 4, sixth frame on filmstrip A). We will 
tentatively call this the “close up effect”. Whereas it is easy to predict that the minimum value 

Figure 4 - Top. Filmstrips made of optical flow processed snapshots for 
each point of observation. Bottom. Magnified example with nomencla-
ture.
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possible (0%) will take place in little-used streets or on any given street during night-time, due 
to the apparently random occurrence of close up phenomenon, only future research will reveal 
its recurrence as well as a possible maximum mean value2. 

 

Having said this, the cumulative total for each of the three samples exposed to optical flow 
reading describe a well defined horizon between the area populated by information in the 
shape of people and what lies above the visual horizon of a walking observer which, therefore, 
appears to be at approximately the middle of the frame (Figure 5). This suggests that the 
maximum possible mean value might be around 50%, as it could be, for example, in the case of 
a mass gathering on a flat urban surface. 

2	 False positives can exist in the shape of moving cars. This was corrected by means of a conditional sequence 
programming. False negatives, on the other hand, can exist in the shape of stationary people. Both of these cases 
suggest that for more accurate results, a mixed strategy should be used.

Table 1 - Where “Ratio” is the domain of the frame sample within the immersive 
spherical photograph 360-180, “Op. fl. average” is the average optical flow value 
for the motion detected within analysed area, “Op. Fl. median” is the optical 
flow median value for the motion detected within analysed area, “P/min.” is the 
amount of information in the shape of people (% area) per interval of time (min) 
detected via optical flow analysis and “Integration” is the integration value derived 
from Depthmapx analysis for the sampled point. In red, optical flow minimum and 
maximum readings per analysed points and integration values. In future, a bigger 
sample will allow the obtaining of a standard deviation between integration values 
and those provided by optical flow readings of people presence.

Figure 5 - Cumulative total for each of the three samples exposed to “optical flow” analysis.
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The curves described by the patterns of people presence in time are revelatory as well as eloquent 
in that they describe a line of behaviour of our visual field in relation to people presence within 
it. Concretely, they reveal the living nature of the crowd by means of sudden and considerable 
fluctuations that can take place in space and time (Figure 6).

It is in the integration of these values into space syntax platforms that we foresee one of the 
most useful applications of this research, for it would bring together people behaviour related 
predictions derived from the integration map with the patterns of people presence derived 
from on site, immersive readings as suggested by this research.  In order to do so, these records 
must be merged into compatible platforms. Of this, for the time being, we can offer no more 
than a target image, which is based on a previous experience carried out in the same city 
(Araneda & Gatica, 2015) as part of an on-going project (Fig. 7) 3. Researchers in space syntax 
are already making efforts in this direction with the development of the “space syntax toolkit” 
(Gil et al, 2015). This toolkit, however, does not seem to be oriented towards generative design. 
Therefore, for the purposes of carrying out our experiment, we used the SYNTACTIC plugin 
(Nourian, 2013), which allowed us to merge the obtained values for people presence with a 
parametrically designed integration map. Finally, with the aim of allowing compatibility with 
Google Street View and other GIS based platforms, the photographic record was also duly 
formatted so that the position, orientation and scope of the captured visual field of each frame 
could be determined i.e. geo-referenced (Figure 8).

3	 The referred exercise covered the whole of the historic centre and was based on journeys made by one person 
along each street of the area under study. That is, 26 streets travelled through by 26 persons. The process of 
discriminating information in the shape of people was done manually. Still, the correlation between the integration 
map and the results of our photographic mapping strategy is eloquently consistent. We believe this visual 
eloquence to be one of the main contributions of our proposed strategy since it would facilitate communication 
of findings to non-initiated actors whom, nevertheless, have a keen interest in urban matters.

Figure 6 -  Curves describing fluctuations of information in the shape of people within our visual field for each 
point of observation.
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Figure 7 - Target image of how an integrative interface between the three platforms would 
look in a parametric environment. On top, our crowd mapping strategy showing one frame 
per observation point, the integration map in the middle and below, the GIS platform.

Figure 8 - Geo referencing images into Google Street View Image API (360-180 spherical photography) 
Recent research (Schaffranek, R & Vasku, M, 2013) suggests that only this triple integration of CAD, Space 
Syntax and GIS in a parametric platform allows a versatile integration of the two worlds- space and people- 
that we are trying to analyse, for the records with which we are working are essentially photographic and 
therefore, with location and orientation in space. 
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7. DISCUSSION

The fundamental contribution of this strategy lies in its intrinsic phenomenological nature, 
which renders possible a study of people or, alternatively, of the crowd (depending on the 
levels of presence of people) just as they appear to our visual field. In doing so, it provides us 
with a more qualitative datum that complements the discreet number of people possible to 
obtain by counting on site or by means of video cameras placed at height 4. We would argue 
that the study of people from an immersive, observer point of view, on the other hand, though 
much closer to the experience of the everyday citizen, has not undergone an equivalent 
development. As a result, its implementation has been unsystematic and does not carries the 
same weight as a spatial analysis of, say, space syntax pedigree. We would also argue that this is 
mainly due to the lack of any systematic research strategy that might allow an equally accurate 
study of an extremely complex object study such as a human being/body. After all, Jane Jacobs’ 
observations on the phenomenon of co-presence are still struggling to achieve recognition and 
the debate on the scientific validity of her observation is still very much alive (Marshall, 2012; 
Dovey and Pafka, 2016). Also, apart from a few concise additions to what has already been said 
(Lawson 2001; Gehl 2010, 2013) very few have taken up the baton left by Hall´s ground-breaking 
studies on proxemics, crucially, at the far phases of face-to-face communication. Thus this is a 
field where much remains to be done. In this context, the strategy proposed here opens the way 
for a thorough study of our visual field in relation to people perception, from the perception a 
single person down to an outright crowd. In other words, it enables a comprehensive study of 
our (photographically abstracted) visual field behaviour in relation to the patterns of people 
presence and absence. In so doing, it carries the potential to include all the qualitative aspects 
of people perception or, if preferred, face-to-face communication, down to the closest, finest 
phases of human interaction. Its implementation entails a number of issues, some technical and 
some practical. Prominent among the practical issues is the problem of installing cameras in 
public space at observer height. If fixed permanently, they are bound to be vandalized. Besides, 
they would amount to an obstacle in the public space. On the other hand, if the record is the 
result of a journey carried out by a pedestrian along a street (in a “Google street view” fashion), 
the optical flow analytic strategy, as implemented by us, is of no use since the discrimination of 
moving bodies become impossible 5.  In the case of our current pilot case, three points in three 
blocks represent no major logistical problem. But were we to attempt the analysis of an area 
of, say, ten by ten Latin-American traditional blocks, we would need to hire a whole patrol of 
volunteers to ensure simultaneous records 6. For the time being, we have ended up with a set 
of values corresponding to areas within frames. Each frame carries a value (percentage of the 
total frame) and this value indicates the quantity of information in the shape of people present. 
So far, we know for certain that the minimum value in a given observation point can go down 
to zero. The higher mean value is yet to be obtained and will depend, among other factors, on 
whether or not the streets under scrutiny posses acclivity. In time, each point in a street would 
yield a mean value at the desired time and day of any given year in any given city. 

Among the technical issues within the implementation of our strategy is the incompatibility 
between space syntax and parametric platforms. This led us to use the “Syntactic” plug in. 
Yet, in order to build a database for information in the shape of people, the GIS component is 
mandatory. This being the case, it seems that the merging of these platforms in a parametric 
environment guarantees the necessary versatility to be able to systematically assess the 
capture and management of information in the shape of people while at the same time 
allowing comparison with integration values derived from axial map analysis. There are a few 

4	 The study of the crowd ‘from above’ enables the study of flows, queues and waiting time while at the same time 
providing an accurate discreet number of people. This way of analysing crowd behaviour in public spaces is very 
much established, with proven results, as is the case, for example, with “CrowdVision” (http://www.crowdvision.
com/) whose analytical tools have been extensively used in airports and retail chains in many countries.

5 	 We have tried out this technique, its drawback being precisely that the discrimination of information in the shape 
of people from all other information contained in each frame had to be done manually (Araneda, op.cit, 2014; 
2015).	

6  We have also tested this strategy its drawback being the amount of human resources (people with cameras) 
needed to do the job (Araneda, op.cit, 2015).	
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final considerations. The “optical flow” analysis implemented by us does not take stationary 
people into account thus false positives do exist. In this sense, refinement of the “optical flow” 
programing is always possible and seems to be the most promising path ahead. Second, the 
absence of a regression modelling and therefore, of a standard deviation measure between the 
integration map values and those obtained via the implementation of our observation strategy 
makes any generalization impossible and therefore, the need for more fieldwork is a truism. 
Finally, a statistical comparison of optical flow readings with more traditional strategies such as 
gate count would also help in bringing more reliability to the work here presented at the same 
time as making it more convincing.

8. CONCLUSIONS

The crowd, pervasive and emergent phenomena that it is, has proved elusive to experiential 
observation. As such, its analysis poses difficulties that call for an ad hoc strategy in order to 
overcome them. As far as we can see, there are two are strategies that together can bring 
us closer to an understanding of this phenomenon. One is analysis “from above”, whose 
development- aided by easy access to off-the-shelves automated alert cameras and drones- is 
well underway. The other one is from within. This latter is underdeveloped, not from lack of 
technology we would argue, but due to the complexity inherent in all emergent phenomena 
that makes it difficult to know exactly where they begin and end. In other words, we do not 
posses a clear-cut idea or image of what the crowd is. This is why we have resorted to the image 
of a cloud to provide an idea of what we are dealing with. Time-lapse photography has already 
taught us something about the recursive behaviour of cloud formation, and we believe that the 
same technique shall eventually reveal something of the nature of the crowd. So far, three pilot 
cases have confirmed to us that for this to be possible, the records must be taken in “all” the 
streets comprised within the area of analysis- much in the same way that the integration map 
is the result of the distance of each street to all other streets- and in as many points as needed. 
Of them all, automatic discrimination of the area occupied by human bodies within a video 
record presented by this paper is the most promising avenue of research. It offer clear glimpses 
into how the building and management of an ad hoc database of values for the crowd per 
observation points in the city might work and what it might look like. Its subsequent integration 
with space syntax platforms would grant the latter immediate, simultaneous, visually eloquent, 
evidence-based information regarding the patterns of people´s presence and absence in urban 
space. This in turn, would help minimize inconsistencies regarding its own people-related 
predictions. Lastly, inasmuch as it provides evidence where people actually look like people, it 
is of relevance to all social actors involved in the process of city-making, such as urban planning 
authorities, police and civil security, the retail sector and the building industry in general. But 
also, not least, it is relevant to citizens themselves, who would eventually get to know how the 
society of which they are part inhabits its own collective dwelling.
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ABSTRACT

This paper addresses tactile maps as an aid for wayfinding and spatial cognition by visually 
impaired persons. The overall complexity of given environments and their representation 
through tactile maps was investigated. The analysis considered a sample of tactile maps 
installed in airports, subway stations, justice courts and 2016 Paralympic venues in Brazil. 
The results show significant complexity in most type of maps, adding to the difficulty of the 
cognitive tasks involved in the map use, especially for visually impaired people. 
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1. INTRODUCTION 

In Brazil legislation concerning universal accessibility is being improved, following international 
guidelines by the United Nations. The implementation of new standards is rather slow, especially 
when it comes to the built environment, where the reformulation of cities and buildings should 
follow universal design principles. However, the professionals involved in that process often lack 
information from the actual capabilities and needs of impaired persons in general, and blind 
and visually impaired in particular. Together with universal design principles such as equitable, 
simple and intuitive use, accessibility standards require that the built environment should 
provide audible and tactile information for visually impaired people. This paper investigates 
how tactile maps may convey spatial information to assist wayfinding and spatial cognition.

The spatial knowledge involved in wayfinding may be described in three levels, as ‘overview’, 
‘view’ and ‘action’ (Tversky, 2000). At a global level, ‘overview’ involves schematized mental 
representations of spatial elements such as landmarks, nodes, paths, edges, and regions, 
usually referred as cognitive maps. ‘View’ corresponds to a more local representation of the 
surroundings along a given route, especially at choice points.  In these representations, spatial 
information is often simplified or distorted, being influenced by alignments, canonical axes, 
reference points, hierarchical frames, perspective,  etc. And ‘action’ refers to the somatosensory 
information and knowledge required to maintain a course and avoid obstacles. 

The spatio-cognitive abilities involved in wayfinding might be acquired even without vision 
and without previous visual experience (Passini et al., 1990). This was demonstrated in an 
experiment comparing different groups of people in basic wayfinding tasks, such as learning a 
new route in space and from small-scale models, returning from destination to origin, combining 
previously learned routes, recalling locations visited along a route, planning shortcuts, making 
mental rotations of a journey learned on a map, and reproducing the overall layout and spatial 
organizational principles from a visited setting. In that study congenitally blind subjects 
performed better than adventitiously blind and sighted blindfolded persons, but not as well as 
sighted subjects and persons with some residual vision. 
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As compared to sighted persons, blind subjects tend to prepare their journey in more detail, 
given their difficulty to retrieve contextual information during wayfinding. They make more 
decisions during their journey, relying on more units of environmental information, including 
auditive, olfactory and textural features often ignored by sighted subjects. After finding their 
way, blind persons are capable of representing their route and understanding the overall layout 
of the traversed environment (Passini and Proulx, 1988). During wayfinding, visually impaired 
persons perform difficult tasks and decisions, especially concerning the use of stairs, so as to 
identify their beginning and end, find the handrail and transfer to one flight of stairs to another, 
also maintaining a direction when following a corridor or traversing an open space, and finding 
architectural elements such as doors, which have to be used but are not readily perceived 
without vision. This increased difficulty may cause errors, hesitation and stress, which might 
be diminished by former experience in a given context and additional supports such as tactile 
maps, emphasizing landmarks, routes and organizational principles of the layout (Passini and 
Proulx, op. cit.). 

Tactile maps have been proven useful for blind and visually impaired people in order to learn 
and retrace unfamiliar routes during wayfinding tasks. Research participants who learned a 
given route by using tactile maps showed more confidence in retrieving the spatial information 
necessary to complete the tasks, performing better than participants who learned the route by 
direct experience and verbal descriptions (Caddeo et al., 2006, Ungar et al., 1998). Tactile maps 
may also assist visually impaired people in understanding the setting, structure, or layout of 
the built environment, when blind travellers have to coordinate the information obtained from 
multiple paths, directions and routes. This cognitive task is extremely difficult without some aid 
such as a tactile map or plan to help recall spatial relations among features and paths within 
the environment (Golledge, et al., 1996). In addition, the ability to learn a tactile map depends 
on the strategies adopted by the map reader. Research showed that good map learners tend 
to focus on the spatial relationships between map items, on local and global patterns formed 
by map elements and their location in relation to the external framework of the map (Ungar et 
al., op. cit.).

Besides from the map representation itself, which might be more or less accurate and 
complete, the configuration of the depicted environment can be more or less complex as well. 
In Space Syntax theory, the configuration of an environment can be described using spatial 
units and their connections, such as convex spaces or axes. An intelligible system is one in which 
well-connected spaces also tend to be well-integrated spaces (Hillier, 2007). This means that  
‘connectivity’, which is the number of connecting spaces that can be identified locally, might 
be a good predictor of the  ‘integration’ value of the space, which represents its ‘depth’ from all 
others globally. 

Considering wayfinding, directions inside a building might be described as axes, and their 
connections represent turning possibilities and decision points along a route leading to any 
destination within the system. Together with angularity, the configurational properties of 
building layouts are closely related to navigation rules and patterns of building exploration 
(Peponis et al., 1990, Dalton, 2003). Space syntax research has widely addressed human spatial 
perception and behaviour related to movement and wayfinding, nevertheless few studies are 
dedicated to the particularities and subtleties of spatial cognition by the visually impaired. 
In the present paper, the overall complexity of given environments and their representation 
through tactile maps was investigated as follows.

2. MATERIALS AND METHODS

In this study a sample of 18 tactile maps was considered, comprising seven types of maps with 
similar features as follows. Type A is a map in an airport terminal in Porto Alegre, made of colored 
acrylic shapes with descriptions in textured lettering and braille within the map, depicting space 
boundaries and partitions, tactile guidelines in part of the floor and architectural elements such 
as walls, elevators, stairs and parking places. Type B are maps from subway stations in Rio de 
Janeiro, comprised of colored and textured shapes with descriptions only in braille in map and 
captions, depicting space boundaries, tactile guidelines on the floor and architectural elements 
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such as walls, parapets, elevators, stairs, escalators and turnstiles. Type C is a map in a subway 
station in Rio de Janeiro, constituted of textured lines, symbols, lettering and braille within the 
map and captions, representing tactile floor guidelines, stairs, escalators, turnstiles and ramps, 
but no constructed boundaries. Type D are maps from subway stations in Rio de Janeiro as well, 
comprised of  textured lines, symbols, lettering and braille within maps and captions, depicting 
space boundaries, discontinued tactile guidelines on the floor, which follow along walls and 
parapets, and other architectural elements such as elevators, stairs, escalators, turnstiles 
and ramps. Type E is a map in a Justice Court in Soledade, made of colored and textured 
lines, symbols, lettering and braille within the map, representing tactile floor guidelines and 
destinations without boundaries or other architectural elements. Type F is a map in a Justice 
Court in Cruz Alta, produced with 3D-printed colored and textured shapes, lettering and braille, 
with descriptions in captions, depicting boundaries and partitions of two building floors, 
guidelines along walls, destinations and other architectural elements such as elevator, stairs 
and doors. And Type G are tactile maps from 2016 Paralympic venues in Rio de Janeiro, made 
of textured lines, symbols, lettering and braille, within maps and captions, representing tactile 
floor guidelines, elevators, stairs, seating and ramps, but no spatial boundaries.
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Figure 1 - Sample of tactile maps installed in airports, subway stations, justice courts and paralympic 
venues
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In order to investigate how different types of tactile maps might relate to key aspects of 
wayfinding and cognitive mapping by visually impaired people, this study was based in the 
following method. First the configuration of the environment described in each chosen tactile 
map was drafted as an axial map, to be computed using space syntax software Mindwalk 1 . The 
syntactical properties of the axial maps were then considered so as to evaluate the intelligibility 
of each environment, correlating local and global syntactical properties in two ways. The 
first value for intelligibility (I1) was considered as the correlation coefficient (R²) between the 
value for connectivity and global integration for each axis, following Space Syntax method. 
The second value for intelligibility (I2) was the correlation between the global depth of each 
axis and its depth from the axis containing the map (R²). This coefficient represents how close 
the map is located to the core of the system and therefore how easy or difficult it would be to 
navigate from that point to any other destination within the setting. These two coefficients 
were multiplied, resulting in an INTELLIGIBILITY value varying in a scale from zero, for poorly 
intelligible situations, to one, corresponding to highly intelligible environments and map 
locations.

Second the map ORIENTATION was analysed, both in relation to the environment and to overall 
wayfinding directions departing from the location from the map. The difficulty or the ease of 
use of the map was evaluated by attributing numerical values from 0,5 to 1 to the following 
situations.  When the map was aligned to the environment it was graded one (1). When the 
map was not aligned, demanding mental rotations for route planning or recalling, it scored 
only half point (0,5). Regarding overall navigation courses from the map, forward wayfinding 
was evaluated as one (1), sideways graded intermediately (0,75) and backward navigation was 
graded half a point (0,5). Both values were then multiplied, resulting in a scalar value for the 
complexity related to map and space orientation.

Third the REPRESENTATION of crucial spatial information in the maps was analysed, once 
again grading in a scale from half a point for more complex situations to one point for easier 
ones. The maps scored one (1) when constructed boundaries or partitions were depicted and 
half a point (0,5) when not. Concerning guidelines, the presence of continuous paved tactile 
guidelines or reference walls was evaluated as one (1), and discontinued or partial guidelines 
were graded lower (0,75). And the overall complexity of the maps, represented by the number 
of segments from the corresponding axial maps, was graded one (1) for fewer segments and 
half point (0,5) for larger systems. Finally the results for each group of features were multiplied, 
resulting in a scalar numerical value for the relative complexity or FACILITY of use attributed to 
each tactile map. The results were compared and discussed, with regard to present literature 
and further studies.

3. RESULTS

The results for seven chosen maps were the following. The tactile map in Airport (A) depicts 
a rather simple spatial configuration. Whereas connectivity was highly correlated to global 
integration (R²=1,00), global segment depth and map depth were poorly correlated (R²=0,29), 
with a low resulting intelligibility (0,29). The map is rotated in relation to the terminal, and 
destinations are along a continuous hallway but backwards from the map, resulting in a very  
low degree for orientation (0,25). The map represents constructed boundaries and partitions 
and there are tactile paved guidelines connecting two entrances and the information booth, 
without further references to guide to other destinations within the building. The spatial 
configuration corresponds to very few axes, with a relatively high result for representation 
(0,75). Considering all features together, the overall facility of use was very low (0,05), chiefly 
because of the complexity determined by the location and orientation of the tactile map.

1	 Mindwalk is a registered software by Lucas Figueiredo de Medeiros, Copyright © 2002-2005
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Figure 2 - Results for tactile map in Airport (A)

Figure 3 - Results for tactile map in Subway (B2)

The tactile map in Subway (B2) represents a more complex environment, representing the 
distribution level of the station, with several axes, loops and destinations. The intelligibility of 
the system is relatively high (0,65), because of good correlations for both connectivity with 
global integration (R²=71) and global segment depth with map depth (R²=0,92). The map is 
aligned with the station and located close to its centre, with destinations to both sides, which 
corresponded to a regular degree in orientation (0,75). The map includes boundaries, such as 
walls and parapets, and tactile paved guidelines along the station. However, the complexity 
related to the large number of segments resulted in a low degree for representation (0,5). 
Computing all features together, the overall facility of use was regular (0,25), especially in 
comparison to map A.

The tactile map in Subway C is relatively simple, showing the control level in one side of a 
station, with ten axes forming one loop.  The correlation between connectivity and global 
integration is high (R²=0,89), but poor between global segment depth and depth from map 
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(R²=0,43), resulting in low intelligibility (0,38).  The map is aligned to the built environment, 
but destinations are backwards to the reader of the map, which resulted in a poor score for 
orientation (0,50). Regarding representation, the map depicts no constructed boundaries, only 
continuous tactile paved guidelines to all possible destinations and few segments, resulting in 
a poor degree for representation as well (0,50). The result for the overall facility was low (0,10), 
indicating prevailing complexity in map use.

Figure 4 - Results for tactile map in Subway (C)

The third tactile map in Subway (D1) represents the main control and connection level from a 
larger station, corresponding to many axes and loops. The intelligibility of the system is poor 
(0,37), due to both correlations between connectivity and global integration (R²=55) and global 
depth and map depth (R²=67). The map is correctly aligned to the actual environment, but 
destinations are to the side and back of the map reader, which resulted in an intermediate value 
for orientation (0,75). The spatial boundaries from the station are represented, including walls 
and parapets along voids and stairs. The tactile paving is very detailed in the map, showing 
both directional and warning tiles; however the guidelines on the floor are discontinued, when 
reference follows along walls and parapets. The system has also many segments, with a low 
result for representation (0,38). Considering the complexity presented by map orientation and 
the discontinuity of the guidelines, the overall degree for facility of use was low (0,10). 



Proceedings of the 11th Space Syntax Symposium

JUST FOLLOW YOUR FINGERS
Conveying spatial information through tactile maps 127.8

Figure 5 - Results for tactile map in Subway (D1)

Figure 6 - Results for tactile map in Justice Court (E)

The fifth tactile map in Justice (E) depicts a very simple environment, with court rooms and units 
distributed along a unique hallway.  The correlation between connectivity and global integration 
is high (R²=0,94), and between global depth and depth from map as well (R²=0,82), resulting in 
high intelligibility (0,77).  The map is aligned to the built environment and destinations are to both 
sides departing from the map, with an intermediate degree for orientation (0,75). Concerning 
representation, the map depicts no boundaries or other architectural elements, showing only 
guidelines that correspond to the continuous tactile directional paving. The system has few 
segments, resulting in a low  degree for representation (0,50). The result for the facility of use 
was regular (0,29), mainly because of the lack of information on the constructed boundaries. 
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The map from the second court, Justice (F), presents more information, depicting the two 
main floors from the building with relatively few axes. The intelligibility of the system is regular 
(0,52), due to both correlations between connectivity and global integration (R²=78) and global 
segment depth and map depth (R²=67). The map is located in the entrance of the building, 
correctly aligned and with main destinations to the front of the map observer, which scored a 
high degree for orientation (1,00). The map represents the boundaries of the spaces, including 
partitions and doors of the rooms. There are continuous guidelines in the map, corresponding 
to reference walls along the main hallway. The system has few segments, scoring a high degree 
for representation as well (1,00). Computing all features, the overall facility in the use of the 
map is high, with the best score in the sample (0,52). 

Figure 7 - Results for tactile map in Justice Court (F)

Figure 8 - Results for tactile map in Paralympic Venue (G5)
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The last map, from a 2016 Paralympic Venue (G5), shows part of the distribution level inside 
the arena, corresponding to several axes. The system’s intelligibility is low (0,40), with better 
correlation for connectivity and global integration (R²=0,72) than for global segment depth and 
map depth (R²=57). The map is aligned to the actual building, but all destinations are to the back 
of the observer, resulting in a poor degree for orientation (0,50). The map represents continuous 
guidelines paved on the floor, leading to all destinations, but no constructed boundaries such 
as walls, parapets, thresholds or doors. The complexity of the system is increased by many 
segments, resulting in a very low score for representation (0,25). The overall facility result 
for the map is extremely poor (0,05), mainly due to map size, location and lack of boundary 
information.

In summary, the chosen tactile maps correspond to different types of spaces, floors and buildings, 
some of them representing the whole building, as in both Justice Courts, or a complete building 
floor, such as the Airport, and others showing chosen sections of buildings, as in all Subway 
Stations an Paralympic Venues. Except for the map in the airport, all other maps are correctly 
aligned to the actual environment, promoting user facility in reading and learning the map. As 
for wayfinding directions departing from the map, only the map in one of the Justice Courts 
presented the best situation, which is to have all navigable space towards the front of the map 
reader. All other maps require some level of mental rotation while reading the map, planning 
the journey and recalling it later. 
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Airport 
(A)

Salgado 
Filho, Porto 

Alegre

Rotated/ 
Back

Partitions
Partial tactile 

paving
Walls, elevators, 

stairs, parking

Exits, information, 
check-in, boarding, 

landing, toilets, 
shops

Colored 
shapes

Textured 
lettering and 
braille in map

Subway 
(B2)

General 
Osório, Rio 
de Janeiro

Aligned/ 
Front

Continu-
ous

Continuous 
tactile paving

Walls, parapets, 
elevators, stairs, 

escalators, 
turnstiles

Exits, platforms, 
next tactile maps

Colored tex-
tured shapes

Braille only, 
in map and 

captions

Subway 
(C )

Botafogo, Rio 
de Janeiro

Aligned/ 
Back

No
Continuous 

tactile paving

Stairs, escala-
tors, turnstiles, 

ramps
Exits, platforms

Textured 
symbols

Textured 
lettering and 
braille in map 
and captions

Subway 
(D1)

Jardim 
Oceânico, Rio 

de Janeiro
Aligned/ Side

Continu-
ous

Discontinue d 
tactile paving 

ans walls

Walls, parapets, 
elevators, stairs, 
escalators, turn-

stiles, ramps

Exits, platforms, 
toilets, next tactile 

maps

Textured 
symbols

Textured 
lettering and 
braille in map 
and captions

Justice 
(E)

Justiça do 
Trabalho, 
Soledade

Aligned/ 
Middle

No
Continuous 

tactile paving
No

Entrance, units, 
toilets

Textured 
symbols

Textured 
lettering and 
braille in map

Justice 
(F)

Justiça 
Federal, Cruz 

Alta

Aligned/ 
Front

Partitions
Continuous 
reference 

walls

Walls, doors, 
elevators, stairs

Floors, units, toilets
Colored tex-
tured shapes

Textured 
lettering 

and braille in 
captions

Venue 
(G5)

Arena do 
Futuro, Rio 
de Janeiro

Aligned/ 
Back

No
Continuous 

tactile paving
Elevators, stairs, 
seating, ramps

Special seating, 
toilets, snack bar, 
drinking fountain, 
next tactile maps

Textured 
symbols

Textured 
lettering and 
braille in map 
and captions

 

Table 1 - Summarized analysis chart for the seven types of tactile map
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As for the information depicted in the maps, the constructed boundaries or partitions were 
represented in four types of maps (Airport, Subway B, D and Justice F), being absent in the other 
three types (Subway C, Justice E, Venues). All maps presented guidelines for visually impaired 
users, most of them corresponding to continuous tactile directional paving, one representing 
continuous reference walls (Justice F) and one type of map combining tactile floor guidelines 
and reference walls and parapets (Subway D). Most types of maps used textured symbols and 
captions to represent architectural elements and destinations, while three types used textured 
and colored shapes instead of symbols (Airport, Subway B and Justice F). The descriptions of the 
elements was made in braille and textured lettering in all types of maps, except for one which 
used braille only (Subway B), hampering the use of the map by visually impaired or sighted 
persons without the ability of reading braille. Most maps included descriptions within the area 
representing the building, combined with symbols and captions, except for one map (Justice F), 
which presented the descriptions through numbered captions at the side of the architectural 
representation.

Summarizing the syntactical and numerical analysis, the tactile maps combined more or 
less intelligibility and complexity related to map orientation and space representation. The 
worst evaluated maps (Airport and Venue) presented poor results concerning intelligibility, 
even though the first one had the best correlation for global connectivity and integration, 
which was due to the small size of the system, with all axes directly connected to one main 
axis and a maximum global depth of only one step. While the first map had the worst degree 
for orientation, with a rotated map indicating backwards (Airport), the last one combined a 
poor representation of a very large building section, with many possible directions and routes 
(Venue). On the other hand the best evaluated map (Justice F) has relatively low intelligibility in 
terms of space configuration and map location, but this is compensated by the orientation from 
the map, the availability of spatial information concerning boundaries and guidelines, together 
with the relative simplicity of the map, with few axis corresponding to wayfinding directions 
and decision points within the building.
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Airport (A) 1,00 0,29 0,29 0,40 0,50 0,25 1,00 0,75 1,00 0,75 0,05

Subway 
(B2)

0,71 0,29 0,65 1,00 0,50 0,75 1,00 1,00 0,50 0,50 0,25

Subway 
(C )

0,89 0,43 0,38 1,00 0,50 0,50 0,50 1,00 1,00 0,50 0,10

Subway 
(D1)

0,55 0,67 0,37 1,00 0,75 0,75 1,00 0,75 0,50 0,38 0,10

Justice (E) 0,94 0,82 0,77 1,00 0,75 0,75 0,50 0,75 1,00 0,50 0,29

Justice (F) 0,78 0,67 0,52 1,00 1,00 1,00 0,50 1,00 1,00 1,00 0,52

Venue (G5) 0,78 0,57 0,40 1,00 1,00 0,50 0,50 1,00 0,50 0,25 0,05

 

Table 1 - Summarized analysis chart for the seven types of tactile map

Table 2 - Numerical results for intelligibility, orientation, representation and overall facility in use of the tactile maps
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4. CONCLUSIONS

Resuming universal design principles, the use of tactile maps should be simple, intuitive and 
equitable for all users, including congenitally or adventitiously blind people, persons with 
some residual vision or sighted ones, and also people with cognitive and mental disabilities. 
Nevertheless, the results from this study showed that most of the maps in the sample presented 
a significant level of complexity, besides the intelligibility of the spatial configuration of each 
building itself. 

The cognitive tasks required for the use of the tactile maps include the understanding of 
symbols and captions and the recognition and mental representation of spatial patterns and 
organizational principles. Additional complexity was related to map rotation, orientation and 
size, the representation and description of guidelines, boundaries and other key elements. 
These aspects should be more carefully regarded in the design and installation of tactile maps, 
especially considering the particularities of visually impaired people and their inherent difficulty 
in cognitive tasks such as wayfinding and learning new built environments.

The study has shown how Space Syntax research may contribute to the analysis and design 
of more simple and easy to use tactile maps. Further studies might investigate the actual 
use of different types of tactile maps by visually impaired and sighted users, analysing the 
contribution of each feature to the overall complexity of the maps. These findings may enhance 
the empirical knowledge on spatial cognition using tactile maps, contributing for the design 
and implementation of more effective information dedicated to visually impaired people, 
eventually promoting the accessibility of buildings and cities.
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ABSTRACT

Research suggests that isovist properties can be employed to describe certain situations within 
the built environment that are related to human spatial behaviour and experience. Visibility 
analysis might be also employed in empirical studies that focus on the neuronal dynamics 
during navigation. We propose that isovist measurements may provide the means to identify 
the moment that specific ‘mental events’ arise along with our spatial experience. The paper 
discusses briefly the need of such behaviourally relevant quantitative spatial descriptors when 
studying neural dynamics in complex spatial setting as well as the importance of a principle 
consideration of the subjective lived experience. This study explores the experiential event 
of ‘knowing where one is’ during navigation while taking into consideration similar cases of 
sudden knowledge acquisition in the areas of sequential and implicit learning. A pilot virtual 
reality experiment is presented to illustrate how the experience of suddenly ‘knowing where 
one is’ can be investigated using visibility analysis. In this case the isovist measurements of 
area and revelation along participants’ paths offer a useful tool that allows us to isolate and 
study with further analysis of the EEG signal, the moment that this experience is manifested as 
neuronal firing patterns in the human brain.

KEYWORDS

Visibility Analysis, Virtual Reality, Spatial Cognition, EEG, Isovist properties

INTRODUCTION

Human spatial experience and behaviour are influenced at a great degree by properties of 
the spatial context and different events that take place within this context. Isovist analysis, a 
quantitative description of such properties, can be employed to capture the relation between 
visuo-spatial properties and human behaviour and experience. Empirical studies, that have 
focused on this relationship, have reported the relevance of visibility measurands to experiential 
spatial qualities (Franz & Wiener, 2005), to wayfinding behaviour (Conroy, 2001; Wiener et 
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al., 2007), gaze behaviour during space perception (Wiener, Hölscher, Büchner, & Konieczny, 
2012) and gaze fixation and decision making at street corners (Emo, 2014). This paper explores 
how behaviourally relevant isovist properties can describe spatial situations that trigger the 
emergence of specific mental and experiential events which in turn can be studied using 
neuroscientific  methods. 

The experiential event, explored in this study, is the moment of  ‘knowing where one is’ during 
navigation in relatively unfamiliar environments. The feeling of ‘knowing where one is’ is akin 
to an internal ‘you are here’ sign. The ‘you are here’ sign or in other words ‘spatial presence’ 
can be understood as a ‘’ ‘gut’ feeling of being in a specific spatial context, and intuitively and 
spontaneously knowing where one is with respect to the immediate surround” (Riecke & von der 
Heyde, 2002). In order to get a greater understanding of what kind of spatial situations may 
trigger the sudden experience of  ‘knowing where one is’, cases of similar lived experiences 
from the wider field of cognitive sciences are taken into consideration. For example, research 
on sudden knowledge acquisition in cases of incidental sequence learning and implicit learning 
are of great interest. These cases share similarities with navigation, since self-movement within 
an environmental context involves the registration of sequences of point locations and related 
events. The focus of these studies (Frensch et al., 2003; Rünger & Frensch, 2008) lies on the 
conditions under which humans acquire explicit reportable knowledge. The relevant findings 
suggest that this experiential event is closely related to the occurrence of unexpected or 
deviant events. Therefore, it is reasonable to assume that sudden knowledge acquisition during 
navigation might be related with the sudden and unexpected revelation of large amounts of 
new visual information. Consequently, if visibility analysis provides the means to pin point 
the exact moment that this experiential event takes place then this will allow us to take the 
investigation one step further and study how this particular event is manifested as neural firings 
in the embodied mind.

Pioneering  studies on the neural dynamics and  human behaviour in spatial settings within the 
field of behavioural neuroscience illustrate the importance of taking into account the subjective 
lived experience as well as the distribution of the contextual spatial information. Such inventive 
approaches of ‘real-world’ experimental designs can be found in the work from the Institute of 
Behavioural Neuroscience at University College London. Spiers and Maguire (Spiers & Maguire, 
2006) investigated the neural dynamics associated with the experience of driving a taxi cab in 
London, by unfolding the process of navigation based on the content of participants’ thoughts. 
The assessment of participants’ thoughts was done using retrospective verbal protocols; that 
is, after the experiment (fMRI scans) participants were asked to describe their thoughts while 
watching a video recording of their previous routes. These content-based mental events were 
then used to isolate and study the linked neural activity. This experimental paradigm illustrates 
the need to take into account first-person perspectives in order to understand how brain activity 
is related to the human experience. In another real-world experiment on navigation, researchers 
used video recordings of routes from a recently learned urban area in Soho, London. They 
employed different tasks to trigger the mental events of planning and re-planning the route 
to a certain location in order to assess the neural representation of distance during periods 
of movement and at street junctions (Howard et al., 2014). A subsequent study explored the 
correlations between spatial properties at street junctions, or more precisely before entering 
new street segments, and the representation of this information in the hippocampus using 
the same paradigm (Javadi et al., 2017) . Three graph theoretic measures of centrality (degree 
centrality, closeness centrality, betweenness centrality) were used to investigate whether the 
hippocampus  represents information of the topological structure of the environment. Right 
posterior hippocampus appears to be sensitive to fine-grain spatial information, tracking 
changes in local path connections, that is number of connecting street segments to any street 
segment measured by degree centrality. Global properties of space that reflect how ‘important’ 
the street is within the network  such as “how central it is in the network both in relation to all 
streets (closeness), the edge of the space (step depth to boundary) and what can be seen from the 
street (line of sight)” are indexed by activity in the anterior hippocampus (Javadi et al., 2017). 
Formal descriptions of properties of the spatial context -that guides movement- are, therefore, 
valuable tools that can facilitate research on brain dynamics in complex experimental settings. 
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In a similar way, visibility analysis may guide the process of signal analysis of the recorded EEG 
during navigation in Virtual Reality environments.

2. DATASETS AND METHODS

The focus of the pilot Virtual Reality experiment presented in this section is on the moment 
that people are able to make a button press response based on a feeling of suddenly knowing 
where they are. In order to investigate the conditions that engender this experience - and in 
turn facilitate the assessment of the neural dynamics associated to that experience - we first 
need to understand how this experience is related to properties of the spatial layout and what 
other similar experiential events may we find if we look closer at the knowledge offered  by 
cognitive neuroscience.

2.1 THE DISTRIBUTION OF CONTEXTUAL INFORMATION: SIMILARITY AND CHANGE

Mental representations of the spatial information seem to be “highly organized knowledge 
structures processed according to cognitive principles” (Klippel, Knuf, & Hommel, 2005) 
rather than exact map-like copies of the external environment, as the word ‘cognitive maps’ 
misleadingly implies (Barbara Tversky, 1993). Research in spatial cognition suggests that 
information of spatial relations is structured into superordinate units  and subordinate clusters 
(Hommel & Knuf, 2000). Spatial chunking or clustering into smaller representations allows us 
to operate within the capacity limits of working memory activating only the spatial information 
that is needed to guide our action within the specific immediate context (Avraamides, Adamou, 
Galati, & Kelly, 2012). Mental simplification mechanisms of the representation of spatial 
knowledge appear to follow laws and principles that are also present in visual perception.  
Perceptual processes actively organize the visual (and spatial) information into part-whole 
relations following Gestalt principles of perceptual organization such as similarity, proximity, 
closure etc. (Barbara Tversky, 1981; B. Tversky & Schiano, 1989). Similarity and change, 
are  important factors in the creation of these spatial clusters. Individuals possibly integrate 
contextual information from movement in two stages: discrete locations encountered through 
movement are aggregated based on their “informational similarity “ which implies a relative 
stability  or a relative invariance while the identification of relations between these aggregates 
probably occurs at point locations where “substantially new information is revealed”, for example 
at street junctions (Penn, 2003). 

The temporal regularity of events encountered through movement  within a sequence of a 
route in a spatial context is an important factor that influences how learnable or legible a certain 
spatial layout is. The ability of the mind to be receptive to the predictability of events is closely 
related to what memory researchers call episodic memory. Episodic memory is sensitive to the 
order of events and their context since it constructs association of location and other elements 
of experience in memory structures (Spiers et al., 2001). Therefore, it is not unreasonable to 
imagine that the sudden revelation of substantially new visual information at a certain location 
may activate such memory structures and the update of the mental representation.

Evidence of how the process of navigation is affected by such events and properties of space can 
be found in studies that explore the relation between isovist properties and human behaviour. 
For instance, Conroy-Dalton observed that during navigation in virtual environments individual 
behaviour changes at street junction, where a large amount of new visual information becomes 
available (Conroy, 2001). People pause and turn their heads to capture the new information, 
to re-evaluate the environmental information and make new decisions on movement and 
direction. These vital decision points were locations that correlated with high values of isovist 
area (and were configurationally integrated as well).  Furthermore, Franz and Weiner provide 
evidence that isovist measures capture properties of space that are related to locomotion 
and experiential qualities (Franz & Wiener, 2005). Their research offers a translation of several  
spatial qualities such as spaciousness, enclosure and openness, complexity and order into 
quantitative isovist measurements. In addition, they  propose a new isovist measurement that 
is related to visual stability and the changes in the amount of the available visual information.  
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Revelation coefficient, as proposed by Franz and Weiner, is the “relative difference between 
current neighbourhood size [isovist area] and the collective neighbourhood size of its directly 
adjacent nodes” (Franz & Wiener, 2005).  High revelation indicates low visual stability and thus 
a spatial experience that involves the element of surprise  (related with predictability and 
mystery) , ‘promising’ gain of new visual information through movement (Franz and Weiner 
2008). Nick Dalton explores this new measurement of  ‘revelation’ in relation to the notion of 
‘place’ and he suggest that the total revelation of an area “serves as a powerful measure of the 
local heterogeneity of a location and hence a place’s identity” (Dalton, 2011).  Consequently, the 
isovist properties of area and revelation seem to be quite adequate in capturing the context-
events of interest. In other words, the moment when unexpected new large amounts of visual 
information becomes available is hypothesised to be related to the experience of sudden 
knowledge acquisition.

2.2 SIMILAR EXPERIENTIAL EVENTS: INCIDENTAL SEQUENCE LEARNING

The experience of suddenly knowing where one is, requires a mental representation of space 
which includes a representation of one’s body in that space. Therefore, this spatial experience is 
assumed to be related with an update of the mental spatial representation with new information 
and the transition from implicit knowledge into explicit reportable knowledge. 

Spatial learning, such as route learning in unfamiliar environments, seems to involve cognitive 
processes that are also present in sequential and implicit learning; that is sequences of events 
and knowledge of their implicit underlying rules. Implicit learning of sequential structures is 
usually based on the presence of an underlying rule. Similarly, in spatial learning the order that 
stimuli are encounter within an environment, that has been designed and built, is inherently 
structured following certain rules. Research on incidental sequence learning usually investigates 
the conditions under which humans acquire explicit reportable knowledge through implicit 
or non-conscious learning (Rünger & Frensch, 2008). According to the Unexpected Event 
Hypothesis (Frensch et al., 2003), insights into an implicit regularity and thus a switch from 
implicit to explicit knowledge occurs when one experiences a deviation from what is expected 
or predicted.  

Unexpected or deviant events have been studied thoroughly within the field of cognitive 
neuroscience. Donchin argues that such events, which are unexpected but task-related elicit 
an update of the current mental representation to incorporate the new deviating information 
and according to his Context Updating Theory  “events are remembered if they require, upon 
their occurrence, a restructuring of our mental models which is presumably what happens when 
we are surprised” (Donchin, 1981). His research and theory suggests that these processes are 
manifested by a specific component found in the EEG recording, the P300 component. The 
P300 component, a well studied event related component,  is the third positive deflection in the 
recorded waveform and is elicited around 300 ms after the presentation of a task-related but 
unexpected stimulus.

The P300 signals the occurrence of a deviation from what is expected and its relation to 
the hippocampal system is conceivable since the hippocampus seems to be sensitive to the 
contextual uncertainty of the environment (Harrison, Duggins, & Friston, 2006). Navigation, 
especially in unfamiliar environments, involves processing of information that is perceived 
sequentially, and thus requires some form of learning of the temporal order of contextual 
events, their similarities and especially their deviations.  The integration of deviant events 
within the spatial mental representations is fundamental since it is linked to the experience of 
surprise and cognitive processes related to decision making.

2.3 REQUIREMENTS AND LIMITATION OF EEG EXPERIMENTS

Different conditions within an experiment may elicit distinct cognitive responses. These 
responses are reflected by different patterns in the electric signal that is recorded from the 
human scalp using electroencephalography (EEG) headsets with multiple sensors. The high 
time-resolution EEG signal of different conditions may have differences in amplitude and 
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latency and polarity (Event Related Potentials, ERPs) in the respective waveforms or differences 
in terms of frequency bands (e.g. delta, theta. alpha, beta, gamma). When the objective of the 
investigation is the neural response associated with a specific event, the focus of the analysis 
is on the EEG signal that is before or after the event of interest (Luck 2005).  In a typical EEG 
experiment, the continuous EEG signal is marked with event-codes and is segmented into 
epochs that are time-locked in relation to the specific event such as a presentation of an image 
in the computer monitor. Since, Event Related Potentials are small changes in voltage that 
are triggered by an event, the signal of interest is usually obscured by the much larger EEG 
spontaneous activity.  The averaging technique is, therefore, used to cancel out this noise. That 
means that in order to be able to get significant results we need to average together a big 
number of trials of the same experimental condition that is hypothesised to involve the same 
cognitive processes. Therefore, in order to analyse the signal based on specific spatial situations 
that engender specific mental events we need to use environmental modelling systems that 
describes these situations in comparable quantitative measurands in combination with self - 
reports on the subjective experience e.g. button press responses.

2.4 THE VIRTUAL REALITY EXPERIMENT

The game environment of this pilot virtual reality experiment was created and developed by 
the first author of this paper, in the game engine Unity3D (C# ) following guidelines from other 
VR experiments done at the Institute of Cognitive Neuroscience at UCL and the Department of 
Biomedical Engineering at Columbia University (Jangraw, Johri, Gribetz, & Sajda, 2014). The 3D 
environment represents a real urban region of a south European city that was slightly changed 
and mirrored in order to prevent variability of the degree of familiarity with the environment 
among participants (figure 2).  The selection of this urban region was based on Lynch’s five 
elements - district, edges, pathways, landmarks and nodes - which are considered as important 
factors of the city’s imageability (Lynch, 1960). The specific area seemed to have all of these 
elements - and thus a sufficient degree of imageability - and was considered as being able to 
evoke with certain ease a mental image. 

The twenty participants that took part in this study, were first asked to study a map of the 
urban environment. Then, the instruction was to start exploring the 3D environment and press 
a button when they had a feeling of knowing where they were. In order to get a significant 
number of trials per subject each participant was asked to take the same task 8 times, starting 
each time from a different location (figure 1). During the whole duration of the task the Emotiv 
EEG was recording their brain activity and event-codes were sent from the game engine to the 
recording software of the Emotiv (Techbench) via virtual serial ports. The event-codes were sent 
when there was a significant change in the amount of the available visual information (based 
on isovist area and revelation), for example when passing from a small street to a large square, 
and when landmarks became visible. This experimental design offers the possibility to further 
process the recorded EEG signal and analyse the data  in relation to subjects’ button-press 
responses as well as in relation to the environmental stimulus. In this way we will be able to 
assess the neural signature of the specific experience, which in this case, is likely to be triggered 
when new visual information becomes suddenly available.
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Figure 1 - Snapshot from starting location in the virtual reality urban environment

3. RESULTS AND DISCUSSION

In this paper our aim is to present how isovist measurements may allow to pin point the moment 
that certain mental events arise along with our spatial experience.  If we are able to identify 
such moments based on specific context-events then we can analyse the recorded EEG signal 
not only in relation to subject’s responses but also based on the occurrences of certain visual or 
geometrical cues. Using the ERP method we can study averaged EEG waveforms that are time-
locked to the specific event of interest e.g. subject’s response or the presentation of a visual/
spatial cue.

Preliminary results from the exploratory behaviour of participants in the Virtual Reality urban 
environment (figure 2)  allows us to draw some initial inferences upon the relation of crossing 
spatial thresholds that reveal new large amounts of visual information and the behavioural 
effect of pressing the response button. Twenty participants were asked to explore the virtual 
city region - after studying the map- and report by pressing a button on the keyboard whenever 
they had a feeling of knowing where they were. Each participant had eight trials, starting each 
time from a different location as shown in figure 2. 

The total number of button-press responses was 155; 44% where after seeing a specific 
landmark; 43% after entering urban squares or street junctions with isovist area more than 
85% of the highest value; 2% were after passing through junctions of distinctive configuration 
-where more than four streets intersected-; and 11%  were after junctions that did not fall in 
the category of 85% of highest isovist area (figure 3). However, 12 out of the 17 responses that 
occurred after crossing these junctions with lower isovist area where after seeing a nearby 
landmark. From the 43% of the responses that where related to high isovist area (67 in total) 
8 were at points where isovist revelation was more that 90% of the highest values (usually 
occurring at thresholds of passing from narrow small streets to the main streets of the area).

The total number of button-press responses was 155; 44% where after seeing a specific 
landmark; 43% after entering urban squares or street junctions with isovist area more than 
85% of the highest value; 2% were after passing through junctions of distinctive configuration 
-where more than four streets intersected-; and 11%  were after junctions that did not fall in 
the category of 85% of highest isovist area (figure 3). However, 12 out of the 17 responses that 
occurred after crossing these junctions with lower isovist area where after seeing a nearby 
landmark. From the 43% of the responses that where related to high isovist area (67 in total) 
8 were at points where isovist revelation was more that 90% of the highest values (usually 
occurring at thresholds of passing from narrow small streets to the main streets of the area).
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Figure 2 - Exploratory behaviour of participants from each starting point. Square 
symbols indicate each starting location and circle symbols the button-press response 
. The paths from each different starting point (8 in total) are illustrated with different 
colours. However, the order of each trial was different for every participant.

Figure 3 - Pie chart illustrates percentages of  number of times each spatial threshold event was encountered 
just before participants pressed the button to indicate their response. From a total of 155 button press response 
68 were after a landmark became visible (44%); 59 after passing from locations with isovist area higher than 
85% of the total (38%); 8 after locations with revelation greater than 90% of the higher value (5%); and 17 after 
junction with isovist area lower than 85%  (11%, 12 out of 17 were after seeing a nearby landmark). 
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The cases in which responses were after changes in the distribution of visual information  
are of great interest here. In particular, the moments when large amounts of new visual 
information becomes available, which are followed by a response, provide the opportunity to 
relate the specific response of first-person experience to a quantitative spatial measurement. 
Participants’ exploratory paths can be characterised in terms of their ‘visual rhythm’ looking 
for patterns of “crescendo effect due to the increasing visual openness” (Morello & Ratti, 2009). 
This can be expressed by unfolding the isovist values of area and revelation along each path. In 
order to illustrate how the button-press response can be investigated in relation to the ‘visual 
rhythm’ of the participant’s path, we present here the trials of one participant (figure 4) , whose 
responses were mainly based on the distribution of visual information.  The ‘crescendo effect’ in 
both measurements of area and revelation is present before the button press in all the trials of 
this participant  (figure 5). 

Figure 4 - Exploratory behaviour of participant 5 from the 8 starting locations.

The ‘crescendo effect’ in isovist paths is  one of the tools - one example of spatial thresholds - 
that enables the ‘synchronisation’ of the time-depended EEG with quantitative environmental 
modelling properties. The continuous EEG signal is marked with event-codes when participants 
cross these spatial thresholds. The analysis can be then based on the segmentation of the EEG 
stream into epochs of a fixed duration that are time-locked in relation to the specific context-
event. The unrelated noise in the EEG is cancel out by averaging together a big number of 
epochs that contain the event-related signal of interest. The final ERP waveforms are a result 
of a grand average of epochs across subjects, one for each electrode and each experimental 
condition. Therefore, isovist paths of area and revelation can be used to pin point the moment 
when there might be a change in the pattern of the recorded neural activity that is related to 
the specific experience.

The relation between local visual cues and the global spatial structures is of course a significant 
factor that highly contributes to this experience. The notion of intelligibility and its relation 
to spatial cognition is a popular area of interest in the space syntax literature (Conroy 
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Figure 5 - Isovist values of Area and Revelation as they unfold along participant’s path for each trial. 
The ‘crescendo effect’, before button press response, is highlighted in white stripes indicating the area of 
interest for the analysis of the EEG signal. 

Dalton, Hölscher, & Spiers, 2011; Penn, 2003). The concept of intelligibility (Hillier, 1998) is 
fundamentally related to our ability to make inferences at strategic location about the global 
spatial structure that lies beyond our immediate visual local cues. However, humans seem 
to acquire knowledge of global properties of the spatial layout after a certain degree of 
familiarity with the environment and recent evidence indicate that the hippocampus (posterior 
hippocampus) tracks changes of such global properties only during retrieval of information 
from long-term memory (Javadi et al., 2017). In this pilot case study we investigated navigation 
in relatively unfamiliar environments and therefore the focus was on the sequences of local 
visual information along participants paths. 
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4. CONCLUSIONS

The experience of ‘knowing where one is’  is important for successful wayfinding and seems to be 
related with an update of the mental spatial representations with new information.  Although, 
spatial updating occurs constantly during navigation (Burgess, 2006), the specific reportable 
spatial experience seems to also involve cognitive process that result in explicit knowledge of 
the ‘you are here sign’ or the ‘gut’ feeling of spatial presence (Riecke & von der Heyde, 2002). 
The ‘crescendo effect’, before button press response, in isovist measurements of area and 
revelation along participants’ paths most probably indicates the moment that this experiential 
event is manifested in the brain. Future work will be focused in averaging epochs of the EEG 
signal time-locked to this moment and we expect that these grand averaged waveforms will 
reveal the P300 component, which according to Donchin’s Context Updating Theory  (Donchin, 
1981) reflects cognitive processes related to memory and the affective experience of surprise.

A recognizable change or pattern in the EEG signal, present at the moment that specific visuo-
spatial situations are encountered through movement, provides objective evidence that reflect 
a specific subjective individual spatial experience.  A recent qualitative study of the orientation 
experiences and design preferences of UK older adults living in a communal retirement 
development reports that having ‘memorable and meaningful’ spaces was more favoured 
among participants, ‘than signage as an orientation aid’ (O’Malley, Innes, Muir, & Wiener, 
2017). Neurophysiological evidence, such as the P300 component, coupled with environmental 
modelling techniques can provide quantitative descriptors that can help us clarify what sort 
of spaces are memorable and meaningful. Our design decisions can be then based on such 
neurophysiological findings that are related to our cognitive and emotional responses to the 
built environment. This kind of evidence can be valuable when designing for example retirement 
facilities for older adults since it can have a great impact on the wellbeing of people who often 
experience memory difficulties. Gaining a deeper understanding of how the visual and spatial 
context affects our navigation performance can be obviously fruitful; it may even result in a 
valuable toolbox of spatial parameters or spatial thresholds which can be used to control the 
experimental conditions of future investigation within the field of behavioural neuroscience.

The environmental context is undoubtedly a significant factor that affects the embodied 
experience. Experimental designs that aim to unfold the neural dynamics of the embodied 
mind during real-world situations should give special attention to the conditions under which 
spatial properties correlate with specific mental events of the lived embodied experience. 
Environmental modelling, such as visibility analysis, offers a quantitative technique that can 
be used to formally describe these conditions and identify experientially relevant spatial 
thresholds. Such empirical evidence may allow a greater understanding of what sort of visuo-
spatial conditions are more important in the spatial knowledge acquisition processes or more 
salient in our mental representations of the  spatial information of the built environment.  
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SPACE AFTER DARK
Measuring the impact of public lighting at night on visibility, movement, and 
spatial configuration in urban parks

ABSTRACT

On 19 August 2016, Transport for London (TFL) launched their first Night Tube, which offers 24-
hour service on Fridays and Saturdays. With more lines coming in autumn 2016, London follows 
the lead of other cities such as New York, Berlin, and Tokyo to be deemed a 24-hour city. Aside 
from debates concerning the energy waste, pollution, and security caused by the policy, one 
question is evident: How does the city ‘work’ at night?

Humans navigate through space using vision which involves cue or landmark recognition, turn 
angle estimation, network comprehension, and route plotting strategies (Golledge, 1995). The 
situation changes at night when the configuration of space is altered by the presence of artificial 
light. This applies predominantly to outdoor spaces where lighting designers or urban planners 
classify the type of luminaires according to the street hierarchy: white light is used for the 
‘core’ areas and main roads, yellow light for secondary roads, and reddish light for residential 
pathways (Meier, 2015, p.251). 

This study aims to explore whether or not there is a change of selected or most frequently used 
routes due to the impact of altered visual perception of space, and how the locus and quantity 
of the artificial illumination may change the perceived urban structure. It uses Dalton’s (2001) 
research on cognition and movement, and the theory of natural movement (Hillier et al., 1993) 
as a base. Two parks in London were selected as the main case studies: Green Park and Clapham 
Common, along with a pilot project in The Meadows, Edinburgh. The parks were examined 
using a combination of street network analysis, detailed observations on people’s movement 
and occupancy patterns, and survey on the existing lighting conditions. Correlations between 
movement, space, and lighting were analysed using ‘multiple linear regression’ method to 
discover a link between the fields of urban planning and lighting design. 

The results reveal that artificial illumination at night alters the perception of the spatial 
configuration. These results may contribute to the development of lighting master plans in 
cities. The research presented here produces parallel results with a recent study by Del-Negro 
(2015) that reveals how the lighting situation affects people’s choice of routes through a series 
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of experiments conducted in Lisbon and London. The correlation between Normalised Angular 
Choice and illuminance values suggests that these two factors are reliable predictors in an 
urban configuration at night, which allows us to use the illumination factor as a variable when 
applying Space Syntax analytical methods to predict nocturnal movement patterns.

KEYWORDS

Space syntax, lighting masterplan, natural movement, public parks, nocturnal city.

1. INTRODUCTION

The introduction of industrialised artificial lighting at the end of 19th century has turned 
darkness into a more controllable aspect of life (Meier et al., 2015, p152). Since then, artificial 
lighting has developed into an important element in the urban environment as it plays a role 
in public area orientation during the dark hours. This is evidenced in the study by Besecke and 
Hänsch (Meier et al., 2015, Urban Lighting, Light Pollution and Society, Chapter 12) in Germany, 
where 90% respondents select ‘orientation’ as the primary function in the provision of artificial 
lighting, followed by ‘safety’ (87%) and security (83%).

To navigate within the built environment, humans use vision and a cognitive process that often 
involve inexact measurements or distorted cognitive maps, which may produce a different 
result compared to the computerised algorithms (Golledge, 1995). During the dark hours, 
artificial illumination helps people to perceive spaces by improving visibility significantly and, 
in turn, increasing levels of security, safety, and orientation which is the primary purpose of 
artificial illumination (Meier et al., 2014, p.428). Whereas it enables orientation, at the same 
time artificial lighting can also create what Meier et al. (2014, p.157) call defamiliarization of 
space; a new situation and ambience at night by artificial illumination, resulting in confusion of 
space due to the different information perceived compared with the visual condition during the 
day. In relation to the safety and security, public area lighting also facilitates users with visual 
clarity to identify other pedestrians and anticipate or avoid potential encounter (Raynham 
and Mansfield, 2001). This statement is a response to Valentine’s (1990) research concerning 
women’s fear of public spaces. Through a series of interviews, Valentine found that the majority 
of women feel safer by the presence of others as they believe it may deter potential offenders. 

Visual recognition of space also has an impact on the economic and social activities in the public 
realm, especially when it comes to the 24-hour business and industries in metropolitan cities 
(Choi et al., 2006). Hence, lighting master plans are considered crucial in urban environments; 
particularly in the commercial areas where people are more attracted to use the space. Choi 
et al. (2006, 2007) composed lighting master plans for a shopping district and residential 
area in Seoul, South Korea, using space syntax techniques to achieve optimised distribution 
of movement within the project area during dark hours. However, these studies are short of 
evidence when it comes to the relation between pedestrian movement and illumination, and 
also in the way the different distribution of light at night creates a new hierarchy of space that 
changes the visibility in the spatial configuration. Looking back at Hillier’s theory of natural 
movement (Hillier et al., 1993) that “…configuration may influence movement but movement 
cannot influence configuration”, Choi et al. (2006, 2007) studies need to be approached from the 
opposite direction. 

Configuration, as described by Hillier et al. (1987, p363) is “…the relation between two spaces 
taking into account a third, and as the relations among spaces in a complex taking into account 
all other spaces in the complex.” Spatial configuration is an advanced understanding of spatial 
relations that forms the space syntax theory, and a set of techniques for the representation, 
quantification, and interpretation of spatial configuration in buildings and urban formation 
(ibid.). The term ‘natural movement’ comes from the idea that movement within a spatial 
system is distributed, at a basic elementary level, by the configuration of the spatial structure 
following the logic of the links between spaces (Hillier et al., 1993). In the origins of the space 
syntax technique, the potential movements in urban grids are described by the measure of 
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‘integration’ in an axial map that consists of the longest and fewest straight lines that are drawn 
through the spaces to cover the grids (Hillier and Hanson, 1989). It uses a series of algorithms 
that can be generated automatically by computer programs (Hiller et al., 1993). 

So far, studies on pedestrian movement patterns and route choices using space syntax 
techniques have only been conducted for the day time scenario (Hillier et al., 1993; Dalton, 2001; 
Javadi et al., 2017), whereas the way pedestrians use the space at night might change compared 
to the day due to the unequal presence of artificial lights. This study tries to answer in detail the 
following questions: “To what extent the artificial illumination impacts the pedestrian movement 
patterns at night?” and “Is there a chance to predict night time movements by correlating the 
lighting hierarchy with space syntax measurements?”

2. DATASETS AND METHODS

Space syntax establishes analytical methods to scrutinise spatial layouts and their configuration 
in a spatial system or settlement (Hillier, 1996). By considering the relations between each 
spatial element, it measures the degree of structure in urban space either convexly or axially, 
distributed or undistributed, and symmetric or asymmetric (Hillier and Hanson, 1989). This 
study uses ‘Integration’ and Choice’ measures to capture the relation between spatial structures 
and natural movement patterns (Hillier & Iida, 2005). The degree of integration represents the 
potential for a space to serve as a destination within a system because it measures the distance 
from each spatial element to all other elements. ‘Choice’ measures the potential of a space to 
be used as a passing-through route when considering the shortest and simplest routes from 
one space to all other spaces in a spatial network (Hillier, Yang, Turner, 2012).

Parks are an interesting case study regarding pedestrian movement, whereby the configuration 
of space and lighting do not constantly follow those of the surrounding urban grids. Parks are 
also found to accommodate three types of outdoor activities, as suggested by Gehl (2011): 
the necessary activities which are more or less compulsory (going to school or work, shopping, 
waiting for a bus, etc.), optional activities (taking a walk, exercising, or sunbathing), and social 
activities (conversations, children playing, communal activities or encountering people on the 
streets). London, in particular, is an excellent case study as it denotes one of the world’s mega-
cities with 24-hour activity, while the city also represents the largest urban forest with 47% of 
its area covered in green spaces (Usborne, 2014).

Green Park and Clapham Common in London were selected based on their opening hours, 
character, and location. Green Park, which opens between 05:00-00:00, is located in the West 
End area that is a famous destination for tourism due to its proximity to the Buckingham Palace, 
St James’s Park, and Hyde Park. On the other hand, Clapham Common is a less central area, 
with the park surrounded by mostly residential buildings and some educational or commercial 
edifices. It remains open for 24-hours, with well-connected transport links to the city centre 
through underground, overground, national rail services, and buses. Aside from their distinct 
characters, the two parks also present different situations at night where almost all pathways 
are lit in Clapham Common—a contrast condition to the more selective light distribution in 
Green Park. 

The Meadows in Edinburgh was added as a pilot study to assess the applicability of the research 
method, as it represents the first UK city that has developed a lighting master plan (Scottish 
Executive, 2007), while the park is openly accessed for 24 hours and located in the heart of 
the city. The measures of ‘Integration’ and ‘Choice’ are used to calculate the relation between 
the spatial structure and the generative natural movement patterns (Hillier & Iida, 2005). The 
maximum/global catchment area is limited 5 km radius (approximately 60-minute walking), 
and the study focuses on the pedestrian movement. Following these stages, the measures are 
‘normalised’ (using Normalised Angular Integration and Normalised Angular Choice for street 
segment analysis) to compare spatial systems of different sizes (Hillier, Yang, Turner, 2012). For 
the local scale analysis, several radii will be tested to determine the optimum distance covered 
by walking, which is around 400 – 1600 m radius (5 – 25 minutes walk). The values from space 
syntax calculations are finally compared with the observation results to look for correlations 
between movement and space.
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The observation data are collected through the ‘gate-counting’ method which allows 
researchers to collect various kinds of data that can be represented graphically and statistically 
(Grajewski and Vaughan, 2001). It takes place on weekdays and weekends during three periods 
of time: lunch time (12:00-14:00 GMT), rush hour/early evening (17:00-19:00 GMT), and night 
time (19:00-21:00 GMT). Pedestrians passing the imaginary lines on each gate are counted for 
the duration of five minutes, and the recorded number is multiplied to get the average hourly 
rates (ibid.). The next step is to find the relation between space, movement, and illumination 
by correlating the data from Normalised Angular Integration (NAIN) and Normalised Angular 
Choice (NACH) on the appointed radii, observation, and lighting measurement. 

To get the exact measurement for lighting, the illumination level is measured in horizontal (on 
the ground) and vertical (eye level height) position. In the Society of Light and Lighting (SLL) 
Lighting Guidelines (2012) for the UK, the horizontal illuminance is describe as assistance for 
people to see obstacles on the ground, while the vertical illuminance helps people to recognise 
their surroundings. The light metre tool Konica Minolta T-10 is used to measure the highest and 
lowest illuminance level on every segment of the park’s pathways to get the average value, 
which is needed to analyse with other data using multiple linear regression. The correlation 
determines if the artificial illumination creates a spatial configuration and pathway hierarchy 
that may influence the movement pattern at night.

3. RESULTS

3.1 SPACE AND MOVEMENT

The aim of the pilot project in Edinburgh was to distinguish the movement pattern observed 
during the day and night time, and use the results to assess the research and analytical method, 
before correlating it with the lighting measurements. A public park located in the heart of 
Edinburgh, The Meadows provides connections from the residential area to the city’s centre 
of activities. The observation of people’s movement in the park,  which takes place on early 
February (with the local sunset time is recorded to be between 17:16-17:21 GMT), reveals a 
distinct difference between the weekday and weekend pattern of movement. 

Figure 1 demonstrates that Gate 1 leads with the highest amount of passers-by on the weekday 
but clearly loses significance in the weekend lunch time. A similar pattern shows in Gate 8 
where, within the same period, the number of users drops by 79% compared to the weekday. 
Every other gates follow the pattern, with the exception of Gate 4 that increases by 50% at 
night. This finding may suggest that most of the pathways are used for regular activities during 
the working days, yet similarly quite active in the weekend. 

The relation between spatial configuration and movement can be seen by comparing the ‘gate-

Figure 1 - Diagram showing the pedestrian flow in The Meadows within three observed periods during 
the weekday (left) and weekend (right). The vertical axis indicates the movement per hour captured 
during the observation while the horizontal axis represents the gates.
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counting’ observation data with the value from space syntax measurements. Several radii 
are tested using the Depthmap software to determine which measurements of Integration 
and Choice perform better in predicting movement (Hillier & Iida, 2005). This is the point of 
assessment to seek whether the proposed method can be used to distinguish the night time 
spatial configuration. Figure 2 illustrates how the segments in The Meadows start to give higher 
values of both NAIN and NACH in 800 m radius, meaning that the park performs well as a 
destination and route choice in this scale. However, the results from NAIN measurement show 
how the park is less dominant compared to its neighbour, Bruntsfeld Links, which suggests that 
it works better as a through-movement, but not as a destination. 

NAIN r400

NAIN r800

NAIN r1200

NACH r400

NACH r800

NACH r1200

Figure 2 - Analysis of NAIN and NACH measurements using the Depthmap software. Source: EDINA Digimap 
(background) and Space Syntax Limited (segment map).
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The next step is to associate the observed movement with the analysed segment map to 
see whether the two are relevant to each other. The R-squared values show more relevant 
results between NACH and observed movements in the park, with only some discrepancies 
at the particular period on the weekend (17:00-19:00). It may be an impact of the weekend 
activities that are more spontaneous, in contrast to the regular movements on the weekday. 
This finding signifies that people use the pathways inside the park as part of their daily routes, 
which corresponds with Dalton’s (2001) research that suggests how people tend to retrace the 
preferable routes, given the opportunity to return to their destination origin. This situation 
suggests that the regular movements in The Meadows are not disrupted by the change of 
time, which is probably due to the maintained visibility during the dark. To attest the verdict, 
the relationship between spatial configuration and movement pattern at night needs to be 
analysed with the support of illuminance data. While the data were not gathered in the pilot 
study, they are collected and analysed in relation to the spatial configuration for the studied 
parks in London. The illuminance data will then be associated with the movement and NACH 
values to see the impact of the night time visibility to the spatial configuration. Meanwhile, 
NAIN values are omitted due to the irregularities in the movement data correlation (Table 1).

Measures
Weekday Movement Weekend Movement

12:00 – 14:00 17:00 – 19:00 19:00 – 21:00 12:00 – 14:00 17:00 – 19:00  00

NAIN 0.53492 0.38601 0.41026 0.44580 0.13634 0.44867

NACH 0.71817 0.80261 0.78861 0.86411 0.35626 0.69955
 

Table 1 - R-squared values from the linear regression analysis, showing the correlation between space syntax 
measurements and observed movements during the appointed three periods of the day, both in weekday and 
weekend.

3.2 SPACE, MOVEMENT, AND LIGHT

Following results from the pilot project in Edinburgh, a similar method is then applied to the 
parks in London, starting up with finding the most appropriate scale for the NACH measurement 
(Figure 3). The analysis in NACH confirms higher values in almost every pathway inside Green 
Park from 800 m radius onwards. Analysis for a catchment area of 400 m radius only shows 
small parts of the park showing high NACH value while r1200 show similar results with r800. 
Hence, the preferred radius is set in 800 m. Clapham Common, on the other hand, works best as 
through movements in radius 1200 m with almost equal values in all segments. In this manner, 
each of them will be measured using two different radii, as a result of the different size of the 
parks. 
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Green Park NACH r400

Green Park NACH r800

Green Park NACH r800

Clapham Common NACH r400

Clapham Common NACH r800

Clapham Common NACH r800

Figure 3- Analysis of NACH measurements on London parks using the  Depthmap software. 
Source: EDINA Digimap (background) and Space Syntax Limited (segment map).
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Forty gates were observed in Green Park and thirty-three in Clapham Common, based on the 
highest values in the NACH measurement. Morning rush hour period (07:00-09:00) were also 
added to neutralise the change of movement pattern during the early evening (17:00-19:00) 
where the data may become biased due to the commuting activity within this period. Both 
morning and early evening period are then combined as ‘rush hour’, as they demonstrate 
similar situations (Figure 4 and 5).

Figure 4 - Recorded movement pattern in Green Park within three periods of a day.
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Figure 5 - Recorded movement pattern in Clapham Common within three periods of a day.

Looking at the trend in the above figures, it is evident that more movements are captured at 
the gates located near the attraction points that Hillier (1993) refers to ‘multipliers’. In Green 
Park, Gate 4 connects the park to the underground station with a straight route to Buckingham 
Palace, while Gate 27 and 28 heads directly to the Palace. Clapham Common has fewer 
attractions than Green Park, with only the first five gates lead to the underground station. The 
recorded pattern indicates how the ‘multipliers’ work in an extreme manner, as they multiply 
the number of movements in the urban structure. In this sense, the space syntax measurements 
need to be adjusted by adding these multipliers into the segment map before correlating them 
with the observation data to get more relevant results. Using the logic that segments with more 
proximity to the attraction points should have higher values, Metric Step Depth is added to the 
measurements as it calculates the distance from an assigned point to other segments. Thus, the 
following formula is used: 

M1 = Metric step depth from multiplier 1 (Underground station)
M2 = Metric step depth from multiplier 2 (The Buckingham Palace)
M3 = Metric step depth from multiplier 3 (Hyde Park Corner)
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By adding the Metric Step Depth into NACH measurement, the highest values are shifted to the 
nearby attraction points. As they now share more resemblance with the observed movement 
patterns, it becomes possible to correlate the two data using the linear regression method 
(Table 2). The correlation result suggests that the two parks have a different situation regarding 
the recorded movement trends. Despite the high number of movement recorded between 
12:00-14:00 in Green Park, the movement only corresponds better with the NACH value on 
the weekday early evening, while Clapham Common demonstrates relatively consistent 
patterns in all time periods. It clearly illustrates how tourism activities bring high impact to 
the configuration, since it creates unsystematic patterns of movement due to the indistinct 
destinations. The issue with tourists is that they are trying to meander through space instead of 
navigating 1 through the network (Hillier and Iida, 2005). This presumption is supported by the 
lower R-squared values in the Green Park’s weekend correlation which shows how the irregular 
movements from the tourists, who use the space rather freely, dominate the space.

The next step is to see if the artificial illumination brings a direct impact to the visibility of 
the spatial configuration. This can be assessed using the multiple linear regression method 
by correlating both movement and space configuration with the measured illuminance in the 
network structure. Horizontal illuminance that represents the amount of light received on 
each pathway may be used to evaluate, as it has direct relation with the street segment and 
can be measured technically. Hence, it is possible to associate the horizontal illuminance with 
values from movement and space configuration. The value itself can be obtained by summing 
up the highest and lowest horizontal illuminance between two light sources, and dividing the 
aggregate value with the distance (Figure 6). The average illuminance is then divided by the 
length of its street segment to get a quantitative value for lighting. Using this measurement 
technique, it is now possible to correlate illumination level with both space syntax values and 
observed movement data to see how the artificial lighting creates a different spatial hierarchy 
at night.

The on-site lighting measurement shows a contrasting situation in the two parks. Green 
Park, which is dominated by the use of the Victorian gas lamps, does not follow the minimum 
requirements from Lighting Guide 6 (SLL, 2012) and requires to be manually lit each night2. 
The lamps only contribute the maximum value of 20lux (horizontal) and 2lux (vertical), while 
most of the pathways only have 3lux (horizontal) and 1,5lux (vertical). This condition generates 
a contrast situation between the park and its surrounding streets, with the average illuminance 
in Piccadilly Street between 14-38lux (horizontal) and 17-29lux (vertical). 

1 	 According to a study of human cognition (Golledge and Gärling, 2002), there is a distinct meaning between 
navigation (a certain knowledge on the routes is assumed) and way-finding (no predetermined criteria is defined 
which cause to involve search and exploration through space).	

2	 As reported by Maev Kennedy in an article posted in The Guardian online on 25 December 2015 (https://www.
theguardian.com/culture/2015/dec/25/londons-last-gas-street-lamps).

Parks
NACH – Weekday Movement NACH – Weekend Movement

12:00 – 14:00 17:00 – 19:00
19:00 – 
21:00

12:00 – 14:00 17:00 – 19:00 19:00 – 21:00

Green Park 0.35969 0.47759 0.23790 0.27323 0.17952 0.15196

Clapham 
Common 

0.43682 0.64064 0.65608 0.44969 0.52186 0.63481

 
Table 2 - R-squared values from the linear regression analysis in Green Park and Clapham Common, showing different 
results between movement and the weighted NACH in each appointed radius.
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A different situation is recorded in Clapham Common, where the light is almost evenly distributed 
on the pathways using metal halide and sodium lamps. On average, the metal halide post lamps 
generate 13-36lux (horizontal) and 11-35lux (vertical), while the sodium lamps range between 
4-25lux (horizontal) and 3-25lux (vertical). These illumination levels are slightly lower than the 
surrounding areas from LED post lamps that provide uniform illuminance with 40-45lux on the 
ground and 34-36lux vertical. However, the level drops quite significantly on the Southern side 
of the park, with the average illuminance 3-19lux (horizontal) and 1-8lux (vertical). This situation 
creates an early presumption that the configuration of space may change in areas with the poor 
visual recognition at night. 

To support this premise, linear regression analyses between NACH and illuminance values in the 
two parks are performed separately. As expected, Green Park shows relatively low R-squared 
value compared with Clapham Common that indicates the higher correlation between 
illuminance and space measurement with R2 = 0.48504 on the weekday and 0.47748 on the 
weekend. This finding signifies a relation between space-movement and space-illuminance, 
with the higher value on the space-movement being linear to the space-illuminance, as shown 
in Table 3. It may indicate a prediction that higher correlations on space and illumination 
might generate more movements. Further evaluation of the relationship between the three 
measurements is performed in the final process using the multiple linear regression method. 
It uses the Stepwise method in the SPSS statistic software that calculates each independent 
variable to the dependent, as well as both independents to the dependent. 

Figure 6 - The measurement technique to get the value representing the lighting intensity in the segment analysis. 
The highest and lowest illuminance generated by each lamp post are summed and divided by the total distance 
covered by them.
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Parks
Weekday NACH & 

Illuminance 
(Eh)Lunch Rush hour Evening

Green Park 0.35969 0.47759 0.2379 0.14292

Clapham 
Common 

0.43682 0.64064 0.65608 0.48504

 

Parks
Weekday NACH & 

Illuminance 
(Eh)Lunch Dusk Evening

Green Park 0.27323 0.17952 0.15196 0.02245

Clapham 
Common 

0.44969 0.52186 0.63481 0.47748

 
Table 3 - Comparison between R-squared value from the first 
linear regression with the correlation between NACH and average 
horizontal illuminance.

The independent variables are the defining factors that are reliable for the dependent value. In 
this sense, movement is placed as the dependent variable, while NACH and illuminance values 
are calculated as the independent variables, since movement may become the outcome of the 
spatial configuration shaped by the spatial configuration and lighting hierarchy. This is in line with 
Hillier et al.’s observation (1993), that “…configuration may influence movement but movement 
cannot influence configuration”. In this sense, the values from space syntax measurements and 
illumination may define the number of movements as they shape the spatial configuration and 
hierarchy, either during the day or night time.

In this analysis, the significant factor is determined by finding the calculated probability3 (P 
values) of each element. For this reason, NAIN is excluded due to the inadequate Significance 
(P value ≥ 0.05). Both case studies are then assessed using an identical method, although the 
illuminance factor is excluded in Green Park due to the high P-value, that is 0.084 on weekday 
and 0.811 on weekend (P-value ≥ 0.05). The analysis implies that the movement value only 
corresponds with NACH r800, although it does not show high R-squared value, with only 
0.238 on weekday and 0.152 on weekend (Table 4). On the contrary, Clapham Common shows 
positive results when the illumination factor is included to the analysis, while the Significance 
value is recorded to be 0.000 in both weekday and weekend data. Two models are calculated: 
first, using NACH r800 as the only independent; second, using both NACH r800 and illuminance 
value as predictors which simulates the multiple linear regression analysis. The result shows 
higher R-squared value in the second model, compared to the first one (Table 5). This finding 
shows how the illuminance value becomes a reliable predictor for movement once it has the 
higher correlation with the NACH measurement. It may suggest that the illumination factor only 
works when there is a strong correlation between space and movement, as shown previously in 
Table 3 where the Green Park’s R-squared values cannot exceed 0.5.

3 	 Standard scientific practice, which is entirely arbitrary, usually deems a P value of less than 1 in 20 (expressed as 
P < 0.05, and equivalent to a betting odds of 20 to 1) as “statistically significant” and a P value of less than 1 in 100 
(P < 0.01) as “statistically highly significant” (Greenhalgh, 1997, p.423).	
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Weekday Summary

Model R R Square Adjusted R Square Std. Error of the Estimate Sig.

1 .488a .238 .218 203.900 0.001a

 

Weekday Summary

Model R R Square Adjusted R Square Std. Error of the Estimate Sig.

1 .797a .635 .623 130.714 .000a

2 .855b .731 .714 113.971 .000b

 

Weekend Summary

Model R R Square Adjusted R Square Std. Error of the Estimate Sig.

1 .797a .635 .623 130.714 .000a

2 .855b .731 .714 113.971 .000b

 

Weekend Summary

Model R R Square Adjusted R Square Std. Error of the Estimate Sig.

1 .390a .152 .130 364.461 0.013a

 

a.	 Predictors: (Constant), Weighted NACh R800

a. Predictors: (Constant), Weighted NACh R800

a. Predictors: (Constant), Weighted NACH R1200
b. Predictors: (Constant), Weighted NACH R1200, Eh/m

a. Predictors: (Constant), Weighted NACH R1200
b. Predictors: (Constant), Weighted NACH R1200, Eh/m

Table 4 - Data summary of multiple regression analyses in the Green Park using weekday and weekend night time 
movement data as the dependent variable and NACH as the independent, excluding illuminance due to the P value 
(Sig.) ≥ 0.05.

Table 5 - Data summary of multiple regression analyses in Clapham Common using weekday and weekend night time 
movement data as the dependent variable, NACH and average illuminance as the independent, which results higher 
R2 value in the second model.

3.3 CORRELATION PATTERNS

For a better understanding of the change of visibility in the spatial configuration, the results 
from multiple linear regression analysis are then plotted on top of the segment maps (Figure 
7 and 8). This procedure helps to see how the R-Squared values from space and movement 
correlations create several clusters that indicate different characters on each segment. The red 
lines resemble high NACH value with high movement, while the green lines indicate the lowest 
values on both. Two periods of time are compared to identify the change of the visible spatial 
configuration during the day and night time in each park. 
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Figure 7 - The clusters in Clapham Common found in the correlation between NACH r1200 and 
weekday rush hour movement (top). The pattern remains at night (bottom). Source: EDINA 
Digimap (background) and Space Syntax Limited (segment map).

The plotted maps demonstrate how Clapham Common maintains the same spatial hierarchy 
in both day and night time, while in Green Park the visible structure is shifted at night as the 
high movements do not follow the high NACH values.  This situation can be attributed to the 
scattered movement of tourists who dominate the park. The lack of correspondence between 
movement and space configuration is shown in grey colour, indicating the weak relation 
between movement and NACH value. This finding suggests that the change of visibility, as the 
result of the presence of artificial illumination, may generate different movement patterns at 
night. Accordingly, equal distribution of light may help to maintain similar visibility levels to the 
ones during day time across the park’s spatial configuration. 
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Figure 8 - The clusters in Green Park found in the correlation between NACH r800 and weekday 
rush hour movement (top). The pattern disappears at night following the change of spatial 
configuration (bottom). Source: EDINA Digimap (background) and Space Syntax Limited 
(segment map).
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4. CONCLUSIONS

This research aims to assess whether there is a possibility to develop the night time model 
for predicting pedestrian movement patterns, using the space syntax analysis and quantitative 
lighting measurement values. The idea comes from the change of visibility at night where the 
artificial illumination replaces daylight. While some areas are maintained by the equal provision 
of light at night, unlit pathways remain dark and turn themselves into visual boundaries. 
Subconsciously, people move towards spaces that provide better visual recognition as an 
implication to safety and security issues. 

This study examines the way that public area lighting in the outdoor environment influences 
the change of visibility in a spatial structure, which may affect the pattern of movement, as 
an implication of the route choice. The hypothesis is scientifically and empirically tested using 
technical and observation data. It reveals high correlations between movement and Normalised 
Angular Choice (NACH) at night when the lighting strategy follows the spatial configuration. 
Further research on this matter may lead to create a guidance to develop lighting master plan in 
urban structures; in the sense that higher illuminance may indicate higher movement, and the 
contrary. It also helps to improve earlier studies by Choi et al. (2006, 2007) that use Integration 
as a measurement to develop lighting master plans, by suggesting the use of Normalised 
Angular Choice (NACH) as a better predictor for natural movement at night. It suggests that 
Integration may be used to determine the required lighting intensity, while Choice defines the 
areas that may need to be lit. In the future, it might be possible to create a forecast model for 
the night time environment by inserting illumination factor as a new variable.
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PERSPECTIVES ON CULTURE
to witness, engage with, show, or do in cities

ABSTRACT

This paper addresses how ‘culture’ is or can be present in a city, where culture is understood 
in a wide sense as cultural activities and output of creative activity as well as partaking in or 
making use of the same. The main line of argument is that this requires consideration of how 
to work with configurational analysis, which has implications for a wider set of issues but made 
apparent in the specific focus.

While this is anchored in empirical analysis, the main point is a theoretical-methodological 
discussion. In short, the paper proposes a model where culture needs to be understood from 
four perspectives—to witness, to engage with, to show, and to do—since these are differently 
related to the built environment in the conditions for how they appear, what effects they might 
have, and in what ways they are affected by and affect urban environments.

Specifically, the empirical analyses point to how inequalities between areas can be understood. 
The conditions for making sculptures and how this affects and is affected by its surrounding, 
simply put, is different from the effects and conditions for the placing of public sculptures, as 
are their effects on public and private life. 

By use of specific and particular examples of activities or outputs, the article will also highlight 
qualitative aspects that need to be considered in relation to more precisely what kind of ‘culture’ 
that is intended to be supported, and how this relates to questions of democratic development 
and social equality.

KEYWORDS

Public Culture, Equality, Cultural Activity, Cultural Presence, Access To Culture

1. INTRODUCTION

City and culture are terms that are difficult to separate, meaning that to analyse their interrelation 
is fraught with dangers in definitions, cut-out issues and partiality of accounts. But also that 
how the investigation is framed is central to what understanding comes out of it. Our aim in 
this paper is to give a focused account of understanding ‘city’, ‘culture’, and their interrelation 
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in order to develop knowledge of how such relations can be investigated: we will present 
four perspectives of the relation between architecture and culture that raise methodological 
challenges and demonstrate dependency not only on different analytical techniques, but on 
different stances regarding culture, architecture, public space, society, and urban life. Central 
questions will revolve around how, for whom, by whom, for what purpose, and to what effect, 
which in the concluding discussion will be tied to questions of democracy and equality. This, we 
argue, will further highlight important questions of how analysis is performed more widely. In 
conclusion, the perspectives will be drafted as a proxy model for analysis. Before moving into 
the perspectives, however, it is in place to briefly contextualise the work in a wider discussion 
on cities and culture.

2. CITIES AND CULTURE

In a wide understanding the city, whether considered as life and processes or as built 
environment, is culture, just as processes in cities are culturally conditioned and culturally (re)
productive. The way we build, arrange, articulate and symbolise society spatially and materially 
through architecture and infrastructure is one of the foundational ways through which society 
reifies itself, negotiating and communicating how we relate to one another, what we value, 
what we give importance, and what we disown or neglect (e.g. Markus, 1993; Foucault, 1986). 
The cultures of cities affect social, economic, and ecological development as well as identity 
and political processes (e.g. Griffiths and von Lünen, 2016) in how it embeds and communicates 
societal knowledge and norms (Marcus and Koch, 2017). Socio-spatial configurations are 
cultural formations as well as formative of cultures (Palaiologou et al, 2016; Peponis, 1985)1. The 
way cities relate to what is often more explicitly recognised as culture is part of such a process 
and varies over time and space, which can be recognised in how Miwon Kwon (2002) identifies 
paradigms of public art:

“Three distinct paradigms can be identified within the roughly 35-year history of modern 
public art movement in the United States. First, there is the art-in-public-places model 
exemplified by Alexander Calder’s La Grande Vitesse in Grand Rapids, Michigan (1967) 
[…] The second paradigm is the art-as-public-spaces approach typified by design-
oriented urban sculptures of Scott Burton, Siah Amajani, Mary Miss, Nancy Holt, and 
others, which function as street furniture, architectural constructions, or landscaped 
environments. Finally, there is the art-in-the-public-interest model, named such by critic 
Marlene Raven and most cogently theorized by artist Suzanne Lacy under the heading of 
‘new genre public art.’”  (60)

While these paradigms can hardly be seen as exhaustive, Kwon points to radical changes to 
conditions of making as well as evaluating art with conflicted relations to political issues; ‘public 
interest’ is, for instance, not an easy concept to define as it holds a complex relation to who this 
‘public’ is, and how its interest is understood and determined. Both Kwon and Dario Gamboni 
(1997) respectively provide clear examples of the political significance embedded in artworks 
and exhibitions intended for the general public, Gamboni through the conflicts around the 8th 
Swiss Sculpture Exhibition in Bienne in 1980 (170-181) and Kwon through the problematic of 
site specific art and inhabitants’ sense of being represented or excluded (56-79). Even more 
pointedly one could relate to Gamboni’s discussions of the public art of dictatorships—also 
closely investigated by e.g. Groys (1992)—and their destruction. Widening the question of 
representation, Sharon Zukin critically discuss issues of representation and representativity in 
public space as highly complex questions that over time builds what she terms ‘public culture’ 
through constant negotiation. That is, analysis of ‘culture’ needs to acknowledge and handle 
the issue that any definition will be informed by norms and perceptions of what constitutes 
‘culture’, recognising that this will also mean a limitation to, as Zukin points out, who’s culture 
is being considered.

1   We deliberately avoid the term ‘spatial cultures’, because we believe that our discussion has different aims than 
the discussion on spatial cultures in e.g. Peponis work on the spatial culture of factories (1985) or Palaiologou et 
al’s (2016) discussions on how configurations contribute to a city’s culture.
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3. FOUR (ARCHITECTURAL) PERSPECTIVES ON CULTURE

The main thrust of this article is a prototype analytical model considering culture in cities 
from four perspectives: to witness, to engage with, to show, and to do. The intention is to 
demonstrate how different perspectives on ‘culture’ demands different analytical approaches: 
different sites or activities would be relevant, would hold different meanings and implications, 
and would influence and afford different ranges of activity and interpretation. Arguably, the 
perspectives also challenge some common notions in discourses concerning cities and culture 
(see e.g. Deutsche, 1996). The focus will be on ‘traditionally’ cultural activities and objects such 
as art, theatre, music, and literature, largely discussed through philosophy of art, and given 
concreteness through empirical examples. These delimitations are made to provide theoretical 
robustness and clarity, while we otherwise subscribe to a much wider understanding of ‘culture’. 
The perspectives are developed specifically to relate to architecture, and we will go through 
them in an order that arguably begins in a more familiar end of urban research and moves 
towards less investigated and theorised areas.

3.1. TO WITNESS

In The Work of Art in the Age of Mechanical Reproduction (2008), Walter Benjamin 
distinguishes between two types of experience of art, the immersed experience of a 
gallery visit, and the distracted experience of the everyday:

“Distraction and immersion constitute opposites, enabling us to say this: the person who 
stands in contemplation before a work of art immerses himself in it; he enters that work—
as legend tells us happened to a Chinese painter on once catching sight of is finished 
painting. The distracted mass, however, absorbs the work of art into itself. Buildings, 
most obviously.” (33).

In a sense, Benjamin compares what could be called non-reflective experience to a deliberately 
aesthetic engagement. The perspective here labelled ‘to witness’ studies culture from the former 
perspective, a position that arguably is a familiar one in space syntax (Hillier and Hanson, 1984) 
research. In more recent aesthetic theory, ‘to witness’ can be linked to aesthetics of the everyday 
(e.g. Mandoki, 2007) with roots in pragmatist aesthetics of Dewey (1934). However, everyday 
aesthetics is not necessarily as Dewey concerned with the experience of beauty in everyday 
environment but a wider set of experiences2. In this article, we here consider ‘witnessing’ 
inclusively as distracted experience from the point of view of humans as cultural beings.

2  Kupfer (1983) points to the importance to understand for instance violence in modern society as holding an 
aesthetic dimension, and Shusterman (1992) brings in additional sensory experiences (in particular the bodily 
experiences of soma-aesthetics).

Figure 1: Isovists (see Tandy, 1967) from public artworks in Skärhomen and Vårberg, south of Stockholm (left), and 
how the isovist cover axial lines in a selection of the area (right). In the larger map, we have blurred the edges that 
we have created to represent topography or nature since the exact boundaries are not possible to present. In the 
zoom in, the thickness of the turquoise lines indicate number of isovists covering the segment. The figures are made 
with a low resolution of detail to illustrate the principle. Figures made in Spot with Paths, by Pablo Miranda Carranza 
(Miranda et al, 2013), touched up in photoshop.
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A concrete example is the public sculpture which we see every day but seldom stop to reflect 
upon or look closely at, which we engage with mainly as a place to sit or let children play, or 
which we use as a landmark. ‘To witness’ thus concerns what is present in everyday life; what 
is seen on the way to work or school, when heading to the grocery store, when taking a stroll, 
from one’s window, et cetera. This suggests a twofold question of on the one hand the relative 
presence of cultural objects, institutions and activities ‘as such’, and the different ways in which 
they are present on the other. Here, we show an analysis of public artworks in public space using 
Isovists (Figure 1). These isovists show both the density of visible artworks in public space, from 
where specific artworks can be seen, and, considered per artwork, provide information of the 
narratives, situatedness, and possible approaches to the different artworks. In extension, one 
could consider the way they form extended continuous or interrupted narratives as Stavroulaki 
and Peponis do regarding sculptures in Castelvecchio (2003), or how artworks are confined to 
particular spaces or if they reappear in different views throughout the city, as Psarra discusses 
the staging in Soane’s museum (2009). Finally, the figure demonstrates how walks along a small 
set of chosen streets have different presences of public art: it is not only about the artworks, but 
also about the way they make art present in everyday life which is not only about where they 
are specifically located, but how this location extends in spatial configuration.

Before continuing to the next perspective, it is worth returning to Benjamin’s statement, 
specifically that the distracted mass absorbs the work into itself. He continues to discuss 
architecture as the historically prevalent—even archetypical—example of this mode of aesthetic 
experience which is grounded in habit and casual observation. Ballantyne (2011) expands on this 
notion of habit as central to the link between the built environment and society: 

“If everything is going well, we do not focus on the building but rather on what we are 
trying to do in it. […] In this regard, the appropriate conceptual model for the building is 
not the artwork, but the tool, and the aesthetic appreciation of the building cannot be 
separated from what it does.” (43)

But he continues clearly with that “[t]his in no way undermines a ‘contemplative’ appreciation 
of buildings […] but if we want to understand how buildings come to be more closely implicated 
in people’s lives and identities, then we need to understand something of the bond that is 
established through habitual use.” (43-44) Everyday is thus not an essential but a relational 
property, and any particular environment or artwork can alter in whether it is experienced in a 
distracted or engaged manner. 

‘To witness’ thereby becomes an important question in the negotiation of public culture 
(Zukin, 1995), including the relation between witnessing—or perhaps better, witnessing or 
not witnessing—and showing as will be discussed below. We can also link this to research into 
segregation both through effects of co-presence (Legeby, 2010, 2013) and through what kind 
of environments and expressions one encounters throughout daily life: whether we encounter 
diversity, otherness and challenges to norms and ideals, as well as whether we encounter 
diversity or similarity in everyday (aesthetic) experience. Drawing on Ballantyne and Benjamin 
above, ‘to witness’ can be linked to transmission of cultural norms through architectural 
configuration as discussed by for instance Hanson (1998) and Markus (1993).

Cities in this perspective become material mediators of awareness of multiple kinds. One is the 
awareness and perception of ‘culture’ in the sense of art, literature, theatre, and so on. Another 
is the awareness and perception of the potentials and possibilities of engaging with either—
be it as experiencing or making subject. In both interpretations, this relates to potentials and 
possibilities locally and in society at large. That is, if we remain in a narrow discussion of art 
as example of culture: is art an integrated part of society and urban life, or is it for selective 
audiences, for specific, intentional museum visits, or even not present at all? Furthermore, to 
the extent it is present, how is it present, with which variation and under which conditions?
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3.2. TO ENGAGE WITH

The second perspective we suggest is the other side of Benjamin’s argument, which he 
describes as the experiencing of art that “[…] calls for the immersion of the viewer.” (33) This 
is a thoroughly investigated subject, not only in how it relates to the notion of art and what art 
is, but also how it shapes and conditions aesthetic experience. For instance, critique concerns 
how the discourse focuses on aesthetic experience understood as the deliberate engagement 
of a (single) subject with specific pieces of art (e.g. Bourdieu and Darbel, 1991; Bennet, 1995)3. 
Here, we do not confine ‘to engage with’ to certain settings; rather, active engagement as what 
defines ‘to engage with’, which is therefore not limited to specific artefacts, places, or people. 

This said, there are arguably places, events, and activities that are linked to an ‘aesthetic’ 
attitude out of norms and habits as well as because of how many of these places require 
either entry fees or an active choice of seeking them out (for the purpose of experiencing), 
but also because there are qualities and experiences that are only available through conscious 
engagement. The typical example of ‘to engage with’ would be the museum visit, the concert, 
the gallery exploration, and similar.

Active engagement, however, does not remove the experience from situational and contextual 
dependency. Both the immediate spatial and social setting and the narratives and memories 
leading up to it participate in defining the experience as well as interpretation of the artwork, and 
museums and galleries take part in the formation of specific attitudes and ways of understanding 
and experiencing art (Kaye, 2000; Buskirk, 2002; Tzortzi, 2015; Zamani and Peponis, 2010). An 
analysis that considers ‘to engage with’ therefore needs to incorporate qualitative interpretation 
just as much as the analysis of ‘to witness’, even if part of the packaging of the experience more 
commonly comes in the form of institutionalised settings. Thus, while there are arguments 
to make for investing in public institutions in locations with good accessibility, limiting the 
notion to such settings also limits the range of possible aesthetic experiences which they can 
provide. A more nuanced understanding of culture must incorporate allowance for discoveries, 
particularities, and the quiet contemplation in mostly ‘empty’ spaces, including the range of 
narratives leading to the experience, and the range of narratives possible in the experience. 
Tzortzi and Hillier (2016) here provides a clear case in discussing the staging of exhibitions of 
performative arts in museums, and how performativity can be partially re-enacted qua specific 
types of configurations.

Pragmatically, whith care taken to not limit this perspective, institutions can provide concrete 
examples because of the institutionalisation of aesthetic engagement. For instance, in analysing 
how a city distributes density, accessibility, or exposure of institutions (compare Figure 2).

3    The ‘immersed experience’ is central to a (western) discourse of aesthetics that can be traced back to for instance 
Hegel (1975) and Kant (1974) and works by Bourdieu and Darbel (1991), Bennet (1995), Buskirk (2003), and Kaye, 
2000, and in space syntax research amongst others Psarra (2009),  Tzortzi (2011), and Tzortzi and Hillier (2016), 
examine and critique the extent to which aesthetic experience depends on knowledge in how to experience art on 
one hand, and how architectural staging conditions the experience.
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Figure 2 - The minimum distance to libraries in the Stockholm Municipality as measured in 
number of meters along axial lines (above), and the population the libraries are expected to 
serve according to the municipality (below). In the diagram, blue represents the municipal 
plan, and red and green accessible population within 1 and 2 kilometres respectively. Analysis 
in PST (Ståhle, Marcus and Karlström, 2005). Figure originally in Legeby, et al. (2016b).
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As the figure shows, there is first an inequality in how these institutions are distributed 
geographically, and second, that this inequality is even further enhanced through configuration 
of accessibility. This is the result of combinations of localisations of the institutions and 
morphology of the access network rather increasing than, as could be the case, evening out 
the difference in conditions. Adding the layer of distribution through space (Koch, 2017) to the 
analysis, one can see how the effects and reach of singular institutions or clusters thereof not 
only depend on the institution as such, but the configuration of its context.

3.3. TO SHOW

Rather than being concerned with the audience’s active or passive experience of and 
engagement with (to witness, to engage with) culture, ‘to show’ focuses on the author’s 
possibility to express, demonstrate, exhibit, display, or otherwise communicate their work 
to an audience. That is, it focuses on the play’s actors rather than the play’s audience in the 
shared experience of the theatre (e.g. Weston, 2012; Read, 2014; Feuerstein and Read, 2013), 
or the artist’s possibility to communicate their work to an audience, rather than the audience’s 
reception thereof. It thereby incorporates relational aspect of that which someone might 
wish to show, the possibility to show it under the conditions it is wished to be shown, and the 
links between author, audience and environment for in considering what that which is shown 
would turn out to ‘be’ (e.g. Pelettier, 2013). To show is thereby differentiated from the next 
perspective—to do—in its communicative aspect. They are not opposites in the direct sense of 
being different activities per se, but in that ‘to show’ is intrinsically dependent on an audience, 
whereas ‘to do’ is independent of audience (not audience rather than no audience). 

To show thus clearly—and obviously—relates to witnessing and engaging with, but it is 
important to consider the differences: the possibility to witness or engage with outdoor theatre, 
for instance, is not symmetrically related to the possibility for any individual to perform outdoor 
theatre. Similarly, the degree and diversity with which one can witness art in public space is 
fundamentally unrelated to the extent to which any individual can show (exhibit, perform, 
demonstrate, etc.) in public space. In some regimes, performing or exhibiting is limited to a 
few select individuals, and in others it is a possibility for if not all then at least many. Different 
urban settings also have different allowances. The affordances and allowances of showing 
thereby becomes one of the most deeply political questions of the perspectives and another 
of the central negotiations in public culture (Zukin, 1995)—who is allowed to show, where, and 
under what conditions? Arguably, this is a reason why it is a highly contested issue in many 
cases (see e.g. Gamboni, 1997; Foucault, 1986; Gabrielsson, 2012)—conflicts concern as much 
or more who should have the right or priority to show as the art itself or what it symbolises. As 
argued by Zukin (1995), showing, and a distributed and equal right to, becomes a fundament in 
a democratic public space.

To illustrate the affordances and possibilities of ‘showing’, we analyse the accessible number of 
outdoor stages, scenes, culture houses and galleries in the municipality in Figure 3. While they 
offer quite different types of opportunities, they together can be seen to represent a diversity 
of options. The difference in the city is remarkable, shifting between zero and 178. Large parts 
of the municipality have very little opportunities while the central city has good coverage 
throughout.
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Figure 3 - Accessible number of outdoor theatres, scenes, culture houses and galleries within 2 km, measured 
per axial line, and in walking distance along axial lines. Analysis in PST (Ståhle, Marcus and Karlström, 2005). 
Figure originally in Legeby, et al. (2016b).

3.4. TO DO

For the final aspect specifically, revolving the discussion around art helps clarify the point. As 
Boris Groys points out clearly in Going Public (2010), the concept of aesthesis in classical Greek 
thinking formed only one aspect of the philosophy of art concerning experience, interpretation 
and evaluation. The wider philosophy of art also included poesis and techne. In a simplified 
translation, this comes down to the difference between how art is experienced and valued, 
how art is created and imagined, and how art is produced through skills and techniques. 
Arguably, most discussion on public art as well as cities and culture are from the point of view 
of aesthetsis. This also concerns discourses exemplified by Richard Florida (2005), that rather 
looks at economic and cultural benefits generated for others by art than either art or artists in 
themselves or the conditions for a wider population to engage in ‘doing’. Whether leaning on 
Groys or Adorno (1997), these are aesthetic approaches in the sense that aesthesis concerns 
the perspective of ‘consumption’, subjecting art and artistic work to a consumer market and 
its value to consumer value as compared to for instance values of individuals or collectives 
engaging in artistic practice as such.

However, as discussed by Groys, the three aspects are not strictly concerned with producers 
and consumers. Production of art always involves all three aspects of aesthetic experience and 
judgement, explorative and generative poesis, and the crafts and skills of techne. The reason 
to bring the discussion in is the general lack in discourses on urbanity on the spaces, processes 
and conditions of poesis and techne. Arguably, when these are discussed it tends to be in how 
they can generate aesthesis—that is ‘creative activity’ considered through how it produces 
experiences or goods for consumption, including the experience or consumption of secondary 
outputs embedded in notions of the artists contributing to local culture via their presence (e.g. 
Deutsche, 1996; compare Florida, 2005; Sacco, 2013; Glaeser, 2011).
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We are not denying that ‘doing’ is central also for aesthesis in the longer term, the need of skill 
and creativity to ‘produce’ what is culturally ‘consumed’ (i.e. to develop and foster poesis and 
techne), but it needs to be recognised that such arguments risks posing onto creative processes 
that their end purpose is to generate aesthetic experience, which leaves out a vast range of acts 
that are simply creative explorations and may even be possible only under the conditions that 
it is not to be made subservient to the experience (and judgement) of others whether ‘amateur’ 
or ‘professional’. Such a view subscribes all human activity under a paradigm of productivity 
measured through consumable value. Or, more pointedly, it can in line with Rosalyn Deutsche’s 
argument (1996; also Kwon, 2002) be claimed that in a democratic and free society, allowance 
and opportunity for creativity without the expected link to consumption must have its place, 
since practicing creativity can have values on individual and collective levels regardless of 
whether it produces anything tangible for society to experience or consume4.

An analysis that eschews the notion that poesis and techne is for the purpose of concurrent or 
forthcoming collective or individual aesthesis can set up another range of analyses, and make 
other interpretations of the result. What is at stake is the difference between what ‘creative 
practice’ and the actors engaging in it contribute to the life of others and liveliness of an area on 
one hand, and what the conditions for engaging in the practice for whichever sake it is engaged 
in allow, enable, restrict or prevent on the other. Or, if we analyse the density or presence of 
artist ateliers in an area as in figure 4, do we do it to understand what the area affords in terms 
of supporting poesis and honing of techne, or do we do it do it to see how the activity and people 
who engage in it contribute to urban life and to the experiences of others?

We should stress here, that we are not looking for ‘right’ or ‘wrong’ in posing these questions. 
Rather, we stress how either is a limited understanding of architecture, culture, cities and 
societies, but that knowledge of how to analyse conditions of poesis and—even more so—
techne is comparatively underdeveloped.

4  Deutsche also critiques large part of the then-concurrent art discourse for too often confusing democracy and 
the rights and position of specific, avant-garde artists (Deutsche, 1996, 257-268). It is in line with this discussion, 
which can be further enriched by its relation to Kwon’s, Gamboni’s, Groy’s, and Zukin’s works, that we argue for a 
difference between the possibility for ‘anyone’ to engage in ‘poesis’—or, to ‘show’ or ‘do’—and the amount of such 
activities for consumers or the existence or affordance for professionals respectively. 
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Figure 4 - Accessible number of Ateliers within 300 meters, measured from axial lines and along axial lines. The 
ateliers in the dataset are the ateliers with economic support from the municipality. Analysis in PST (Ståhle, Marcus 
and Karlström, 2005). Figure originally in Legeby et al. (2016b).

4. A NOTE ON CULTURE, NARRATIVES AND STAGING

Before concluding, we wish to again point to how cultural experiences and activities considered 
from all the perspectives above are situationally and contextually dependent. Some depend 
on seclusion, remoteness, calm, or being deliberately sought out while others on accessibility, 
presence, repetition, chance encounter, or spontaneous audiences (see e.g. Liebst, 2013). 
This holds true for works and activities in all four perspectives, even if, arguably, there are 
tendencies in the perspectives towards certain types of contexts. The situation also defines the 
activity or experience itself: think of the difference between an intimate small concert room, an 
arena concert, and a performance in a central square or a mall (compare: Pelettier, 2013). The 
relational, social, and narrative aspects involved can completely redefine the experience, and 
constitutes affordances for what artists and audience can do.

Characters such as seclusion can here be provided either by distance or boundaries, although 
the kind of seclusion would differ, and the narratives leading to the activity would become 
different—which affects the experience and interpretation. Similarly, large audiences can 
come from centrality or exposure, but also via other means such as large concerts, festivals, 
and arenas often rather draw audiences to themselves by means of attraction of the activity 
or institution ‘despite’ being relatively remotely located. This can be discussed as in Figure 5, 
showing a schematised interpretation of situations where certain activities or experiences are 
more likely to occur.
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Figure 5 - A figure illustrating some of the activities and places discussed with the municipality, and how 
they may relate to socio-spatial situation in terms of both presence of others, and the character of this 
presence (a remaining group, or for passers by). The figure relates to principles developed in Koch (2007), 
on the right.

Tzortzi and Hillier (2016) demonstrate how quite local configurational operations can enable 
experiential characters that are unlikely to occur in other configurations, in how specific spatial 
strategies stage exhibition qualities that comes closer to performative than others. In a similar 
manner, Psarra (2009) discuss the different narrative experiences of Acropolis and Parthenon 
as staged by configurational narratives, where the stories are encountered as an overviewed 
whole or through sequencing (Hanson, 1998) of partial views. She further explores how Sir John 
Soane’s museum operates with repeated exposure of certain artworks to construct a complex 
narrative of differentiated relations and interpretations as one moves through the exhibition.

The point here is to stress that also in the quantitative analysis above, it is important to include 
qualitative considerations: a work of art does not become inherently better because it is seen 
by more people or more often—or fewer more seldom. Furthermore, the way it is staged is 
an intrinsic part of the experience as such. While this may sound obvious, it has large impacts 
on analytic frameworks, challenging many habitual interpretations of for instance density, 
integration, and co-presence. The quality from individual, collective, societal, aesthetical, or 
any other points of view may as much lie in rarity of and exclusivity in encounter, such as when 
walking along a secluded path as in the repeated, daily presence in everyday experience. The 
kind of expression and experience may be dependent 0n configurations of narratives, which 
therefore must be central to discourses on relations between architecture, cities, and culture. 
Similarly, ‘doing’ or ‘showing’ is contextually dependent: certain forms of ‘doing’ depends on 
seclusion or even isolation whereas others depend on audiences in various ways, and ‘showing’ 
holds a complex relation to what it is that is being shown and under which conditions it works 
to be shown. Arguably, a productive coexistence and development of subcultures depend on a 
varied and distributed set of affordances (Williams, 2011), and whether they become isolated or 
integrated in the sense of sometimes meeting in public is in large part affected by architectural 
configurations of space.

5. ON THE INTEGRATED CHARACTER OF CULTURE

As should be clear from the above, the perspectives do not purport to form neatly separated 
categories into which people, institutions, functions, artworks, activities, or sites distribute 
themselves. Rather, most forms of culture find their existence in most perspectives, and the 
perspectives are interdependent. However, most forms also emphasise different perspectives: 
art museums respond primarily to the idea of engaging with art whereas an artwork in a central 
square tend to rather be witnessed. While ateliers can be understood as places focused on to do, 
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they often double up as exhibition spaces. In many cased doing is tightly linked with showing, 
witnessing, and engaging with: the possibility to show, which in extension depends on people 
who may witness or engage with, is of great importance for someone trying to make their living 
on cultural activities—but doing and showing are only sometimes co-located in time and space. 
Conversely, witnessing and engaging with culture is only weakly dependent on local opportunities 
for showing and doing. The culture industry, arguably, rather builds on disconnecting the two in 
similar ways as consumer society in general tends to separate production and consumption 
(Baudrillard, 1998; Lefebvre, 1991). We wish to acknowledge and address this as an analytical 
challenge: it is important to recognise the integrated character of culture, but most cultural 
activities, places, and objects stress one or some of the perspectives. In a more substantial 
analysis, therefore, libraries might show up in several categories (to witness, to engage with, 
to do), whereas cellar rehearsal spaces would potentially be limited to ‘to do’, while potentially 
absolutely necessary for the existence of a rich culture of local youth bands (e.g. Williams, 2011; 
Koch, 2016).

6. CONCLUSION

The perspectives allow and require a broad notion of the question of architecture or urban 
design, in that it becomes difficult to discuss several of the perspectives—even if perhaps most 
obviously ‘to witness’ and ‘to do’—with a limitation to public space. Rather, understanding 
the conditions and activities of ‘culture’ in the focused sense as discussed here by necessity 
transgresses dichotomies between private and public, while their character as integral aspects 
of culture simultaneously demonstrates the necessity for such a transgressive analysis.  It also 
extends notions of communication and interaction in time and space, as the relation between 
‘to do’, ‘to show’, and ‘to witness’ are interlinked but not bound to actors being co-present 
per se. With the added understanding of cultural activity as situated practices, the discussion 
can become more nuanced and qualitatively informed and explored not in a single combined 
spatial analysis, but in a set of qualitative and quantitative analyses interrelated, for instance as 
exemplified in figure 6.

Seen from a perspective of democratic society and social equality, this poses challenges for 
how to plan and provide opportunities and possibilities: providing cultural institutions does 
not necessarily answer to all the perspectives. At the same time, some activities depend on 
conditions that are not the focus on much discourse on urban planning and design: remoteness, 
seclusion, quiet contemplation, et cetera. However, from such a point of view, the built 
environment not only affords, but restricts and limits. It is our contention that there is need 
for a more conscious and deliberate engagement in working with a broader and more nuanced 
view of culture, taking into account different conditions of different aspects of ‘cultural activity’. 
This article constitutes a step in this direction.
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Figure 6 - Looking at each perspective from a set of different perspectives, environments could be evaluated in a rich 
and nuanced way. Potentially, a ‘minimum’ or ‘target’ level could be included in the evaluation as here represented 
in a dashed circle. The diagram is conceptual and while some aspects may be quantified, there is also a range that 
cannot be quantified or may work better as a qualitative estimation. Figure variant of figure in Legeby, et al. (2016a).

It is furthermore our argument that while we have limited our discussion in this article around 
rather traditional forms of culture, the reasoning behind the perspectives hold true for a much 
broader understanding, and points to issues with analytic methods in general that focus on 
issues analogous to aesthesis, and furthermore analogous to particular forms of aesthesis—
lively streets as a proxy for community, and effect on reflective experience as an understanding 
of architectural quality. For example, ‘to do’ could be political activity or hobbies—the former 
necessary for local formation of opinions and discussions—where ‘to witness’ for another part 
for an ongoing public democratic discourse in building awareness and potentially understanding 
of diversity through everyday encounters (e.g. Legeby, 2010). The interplay between the 
perspectives, arguably, become as important as any perspective in itself. As an architectural 
problem, all perspectives are integral, and cannot be restricted to ‘public space’, whereas 
specific administrative agencies may need to operate in the public realm primarily (or entirely).
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ABSTRACT

When investigating links between the physical environment, experience and behavior, the 
theoretical framework of space syntax prioritizes the geometry related properties of space to 
explore the social function of that space. The present research aims to draw attention on other, 
aesthetic properties linked to materials. For this, the article explores how patterns in spatial 
choices of users are related to the qualities of a sub-space in a spatial system both in terms of 
geometry (configuration) and material quality (surface structuring). Changing the qualities of 
the physical environment (either configurational features of spaces or surface structuring) will 
affect the functional and aesthetic mental representation of space by the user and therefore 
influence behavior. The paper looks at the inter-relations between the factors above through an 
experiment, which is designed to map changes in user preference in space usage by changing the 
aesthetic material-related variables, while fixing the ones related to geometry (configurational 
variables). 
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1. RESEARCH TOPIC AND MAIN THEORETICAL ASSUMPTIONS  

1.1. RELATIONSHIP BETWEEN SPATIAL CONFIGURATION, MATERIAL QUALITY AND USER BEHAVIOR

There is a threefold relationship between variables related to (1) the geometry of space such 
as spatial configuration involving the structural relationships between spatial units (Hillier and 
Hanson, 1984, Hillier, 1996), (2) variables related to material quality (physical variables such as 
colors, textures, 2 dimensional shapes - collectively referred as surface structuring variables in 
the present research) and (3) user behavior and experience. Changing the qualities of the physical 
environment (1,2) above (either configurational features of spaces or surface structuring) will 
alter the experience of a certain space and will affect spatial choices made by the users. 

1.2. THE FUNCTIONAL AND AESTHETIC MENTAL REPRESENTATION OF SPACE 

The functional and aesthetic mental representation (cf. Eysenck and Keane, 1995) of space 
of the user is induced by both geometry related and material related environmental features, 
and also dependent on the subject’s previous knowledge, experiences and other psychological 
conditions. The functional and aesthetic mental representation of space are concepts that 
the authors wish to include in theorizing links between objective environmental variables 
(geometry, material quality) and observed behavioral effects - giving the opportunity to involve 
certain theoretical standpoints of affective psychology (related to emotions, associations, etc.) 
in the investigation of the relationship between spatial choices and spatial/aesthetic variables. 
Nonetheless, this paper is not touching upon specific theories of affective psychology.

1.3.  TWO LAYERS OF THE ENVIRONMENTAL VARIABLES

When investigating links between the physical environment, experience and behavior, the 
theoretical framework of space syntax prioritizes the geometry related (configurational) 
properties that are linked to the social function of space (Hillier and Hanson, 1984; Hillier, 1996; 
1999), and developed indicators and measures to describe those properties.  Nevertheless, other 
variables also need to be considered when exploring connections between space, experience 
and behavior, including some rather aesthetic features linked to material quality (Valtchanov 
and Ellard, 2015, Berlyne, 1974, Nasar, 1994, Bafna, 2012). The present research aims to draw 
attention on the latter factors. 

Based on this, two major layers of environmental variables are explored in the present research, 
the functional and aesthetic ones (labels used by virtue of simplification). Both sets of variables 
have an influence on the mental representation of space (Eysenck and Keane, 1995) of the user, 
potentially influencing patterns of spatial choices. The functional layer includes the variables 
that are in the focus of the traditional methods of space syntax (Peponis et al.,1997; Turner 
et al., 2001), that is the configurational geometry of the spatial system. As for the aesthetic 
ones (Bafna, 2012), the research looks at the physical features of vertical and horizontal planes 
such as texture, material quality, color patterns, reflectivity, etc. The research investigates the 
dynamic in which one or the other layer may become dominant depending on various situations 
(the situations in this paper are elaborated in detail in section 1.5 and 3.) exploring to what 
extent geometry and material related spatial qualities influence the functional and aesthetic 
mental representation of space in the user. 

1.4. SPATIAL UNITS IN THE RESEARCH

An initial assumption is that users identify subjective sub-spaces based on one hand on 
environmental variables, on the other hand on their motives of visit, former spatial experiences, 
perception, social background, etc. The psychological effects of the qualities and relations of 
subjective spatial units can be mapped by examining behavior - in this case spatial choices of 
users. For methodological considerations the authors also assume that the user’s subjective 
sub-spaces are corresponding the rooms in the office environment used as a case study, and 
the participants make their spatial choices based on this division - as a result the participants 
choose rooms first and position within that room subsequently.
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1.5. THE GENERATION OF CREATIVE IDEAS AS A SOCIAL FUNCTION OF A WORKING 
ENVIRONMENT  

The research investigates environments that are beneficial for the generation of creative 
ideas. Our focus is the office environment with organizations where creative ideas (Duffy, 
1974, Peponis et al., 2007) are important for the productivity of the organization, which can 
be regarded as one of the social functions of a working environment. Creative ideas need a 
special inner psychological state, and beyond this a particular type of social interaction, which is 
“the casual, non-threatening encounter that makes it easy for relative strangers to talk to each 
other” (Gladwell, 2000:2). Based on the work of Peponis (1987, Peponis et al., 2007) and Gladwell 
(2000) we assume that the psychological state of mind needed in the context of creative ideas 
is - among others -  an openness for encounter, which is the degree of presumed openness of 
the user to have physical encounter that is either coincidental or initiated by the other users 
in a moment that is not entirely controlled by the subject. In the present research we call this 
the “degree for openness for coincidental encounter”. In the present study we assume that the 
non-space related psychological conditions linked to openness for encounter in the context of 
creative office work are time pressure and the  level of focus needed to perform a certain task 
(beside others).

According to Hillier (2004), spaces with different syntactic qualities are providing different 
types of social experiences. Patterns of certain permeabilities are offering a definite set of 
potential relations: the disposition and number of entrances of a sub-space in a spatial system 
is critical in terms of privacy, the level of control offered by that sub-space.  Spaces with high 
permeability such as passages, shallow spaces (Hillier and Hanson, 1984) are maximizing the 
number of encounters. A space with better visibility and accessibility may generate more 
face-to-face interactions (Rashid, 2009). In the present research we investigate the behavioral 
effects – effects on spatial choice – of a certain type of social experience, which is the one of the 
creative workplace. The relevant syntactic variables investigated in this research are presented 
later in section 3.1.

2. RESEARCH HYPOTHESIS

The research explores how patterns of spatial choices made by users of a creative office 
environment are related to the qualities of the sub-spaces in terms of spatial geometry 
(configuration) and material quality (surface structuring). In the experiment the program of 
the building is represented with experimental social scenarios and users need to make spatial 
choices in the context of this program. The initial research hypothesis is that when users are 
put in scenarios (social situations) opened for encounter to a higher degree, they are more 
likely to choose more integrated locations (geometry-related measure) (See 3.3. and Table 2 for 
geometry/configurational related measures used in the research) , while in scenarios with a lower 
degree of openness for encounter participants are less likely to choose integrated locations due 
to the perceptual and functional affordances (Gibson, 1977) of the configuration (geometry) 
of space; Nevertheless, material related environmental variables can become dominant in the 
subjective process of creating a mental representation of space and alter patterns of spatial 
choices that would exist if only geometry-related variables were considered. 

3. METHODOLOGY 

3.1. GENERAL DESCRIPTION OF THE EXPERIMENT

The office environment used as a case study is a spatial system composed of 6 sub-spaces (5 
rooms and a corridor, as shown on Figure 1). The case study environment is based on a real-
life project - the reconstruction of a heritage building in Budapest, Hungary -, which is at the 
time of writing in the design development phase, and will give space for a creative research 
organization. Certain architectural characteristics of the case study virtual environment were 
derived from the features of the historical building and its actual architectural program - these 
characteristics have not been modified for the sake of the experiment. When designing the 
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moods based on material-related considerations, the designer team aimed to deliver designs 
that can be applied to a certain extent in reality. Experimenting with a realistic design, on one 
hand, meant a wide range of given environmental features that were creating experimental 
stimuli, posing a challenge in the controllability of environmental variables. On the other hand 
these conditions were beneficial to make the research ecologically valid and reflect on its 
results in the design process (ecological validity refers to the degree the results of a research 
will actually appear in real life conditions, cf. Dhami, Hertwig and Hoffrage, 2004). 

The 6 sub-space are visually well distinguishable because of the vaults in-between them, 
though movement is not obstructed by any doors (Figure 1). The division of the environment 
into the sub-spaces in the experiment matches the division that the designers were working 
with in the actual project. The participants need to navigate visually through the virtual model 
of the building and choose a seat in different given experimental social scenarios. While the 
participants are asked to choose a seat, the research examines room preferences for the reasons 
above and the assumptions presented in section 1.4.

Due to technical limitations navigation happens on a fixed route by showing a slideshow. 
Because of the fixed route and the slideshow being replayed until the submission of the filled 
questionnaire, the participants can make their choices by get acquainted to all parts of the 
spatial system. The participants are receiving exclusively visual information.

Figure 1 - Room labels and seating diagram

The various configurational features of the spatial system and the sub-spaces are likely to affect 
user choices as explored with the methodology of space syntax (Turner et al., 2001, Bafna, 2003, 
Peponis et al., 1997), as presented later in section 3.3.1. The configurational variables of the 
spatial system and the sub-spaces are fixed in all the cases (social situations and environment 
types). The virtual model is altered in the factors linked to the affective-aesthetic variables (are 
based on designer intuition, but only with changing well defined surface structuring variables). 

An online questionnaire is used for collecting data. Different subjects are given different 
experimental task sequences (sequences of scenarios) in different environmental settings. The 
questionnaire contains demographic data (gender, age, occupation), furthermore familiarity 
with 3D virtual environments and the degree of immersion.  Convenience sampling was applied.

3.2. DESCRIPTION OF THE EXPERIMENTAL SOCIAL SCENARIOS

The experimental social scenarios are representing the program of the building (research and 
creative institute functions). The participants need to imagine the way the lounge functions, 
which is based on the situations. Other potential clues such as unique function-related elements 
or other agents are not coming into play for methodological reasons. The same furniture is 
used in all of the rooms, so that only the syntactic relations between the rooms (geometry) and 
the changes in the material qualities are supposed to be influential. The designer team had to 
consider these limitations while creating the two different moods used in the study (see section 
3.3.2.). Also, other agents are not modelled or included. User choice  (sitting preference in the 
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experiment) is representing the expectation of other people to come and move around  based 
on the situations.

The situations (see in Appendix 7.3) are designed based on a degree of presumed openness of 
the user to have physical encounter that are either coincidental or initiated by the other users 
in a moment that is not entirely controlled by the subject. The situations had been formulated 
to be lifelike and aiming involvement of the participants for the sake of ecological validity. 
This implies elements in the text that contain information/variables potentially distorting the 
results. This possible inaccuracy is compensated by the multiplication of the situations (a set of 
situations are based on a higher and a set on a lower degree of presumed openness, and similar 
results are expected to each set of situations). The similarity between the situations is based on 
variables of time pressure and the degree of required focused work with control dimensions of 
solitary/group situation and if the subject is centered rather on working or consuming (Table 1). 
In situations S1 and S3 participants are expected to be open for encounter to a higher degree, 
while in situations S5 and S7 participants are expected to be less opened for encounter. Table 1 
gives an overview of the logic of setting up the scenarios.

Primary Dimension Control Dimension

Presumed degree of 
openness for coincident 

encounters
Time pressure Focused work

Solitary / Group of 2 

S/G

Scenario 1 (S1) Higher Lower Lower S

Scenario 3 (S3) Higher Lower Lower G

Scenario 5 (S5) Lower Higher Higher S

Scenario 7 (S7) Lower Higher Higher G

Table 1 - Scenario design1

According to the theoretical assumptions presented above, the program of the building is 
influencing spatial choices depending both on the configurational geometry-related and 
material related (surface structuring) environmental variables. 

3.3. DESCRIPTION OF THE ENVIRONMENTS USED AS A CASE STUDY

3.3.1. GEOMETRY - SPATIAL CONFIGURATION

The probabilistic patterns of movements and other functional patterns are affected by the 
topological relationship between spatial components of a spatial system (Bafna, 2003). 
According to Hillier, configurational features are related to the degree of permeability, 
accessibility and visibility in space. Space syntax research has developed several analytical 
methods to describe spatial relationships, methods on which the present research is building 
upon. Notions and measures introduced to describe spaces within a system include the depth 
of a space in a spatial system and spatial integration (Hillier and Hanson, 1984, Hillier, 1996). 
Stamps (2005) is using the notion of permeability (the degree of possible movement through 
space) as a factor influential in movement patterns through space. Visibility qualities of 
subspaces of a spatial structure are unraveled by means of isovists, inter-visibility graphs, axial 
lines and other methods.  

The sub-spaces of the spatial system (Figure 1.) in the experiment have markedly different 
spatial qualities: the depth of spaces relative to each other are different (Table 2., Graph 1.), 
room A and E are “dead-ends” with only one entrance (uni-permeable space), room D, C and 
B are passages with multiple access points (bi-permeable spaces). Room A and E are less 

1	 The scenarios not presented in the current  paper (S2,S4,S6,S8) are centered on consuming instead of working, 
as a second control dimension;



Proceedings of the 11th Space Syntax Symposium

INVESTIGATING CHANGES IN SPACE USAGE PREFERENCES BY CHANGING AESTHETIC 
ENVIRONMENTAL VARIABLES 131.6

integrated, while rooms D, C and B are more integrated. Selected configurational measures of 
the sub-spaces are shown in Table 2. The selection was based on their relevance in the context 
of the social situations presented to the participants, and on their suitability for the spatial 
typologies found in that specific spatial system.

No. of access 
points

Total 
Depths

Permeability
Avg. visibility 

from tables
Visual 

Integration
Depth from 

entrance

Average degree 
of spatial 

integration 

A 1 14 low 61 low 4 low

B 2 10 medium 102 high 3 medium

C 2 8 high 83 high 2 high

D 3 8 high 114 high 1 high

E 1 12 low 93 medium 2 medium

Table 2 - Configurational variables of the rooms

Graph 1 - J-Graph of the spatial system

3.3.2. MATERIAL QUALITIES - SURFACE STRUCTURING

The previous section explored those physical features of the environment which were given and 
fixed. This section presents how material quality variables are defined and the sort of challenges, 
questions relate to their definition. 

While the long-term goal of the research is to define a systematic categorization of material-
related variables which can be applied for a wider variety of situations (and to map their 
relationships with configurational variables), the moods defined in the experiment have been 
created without that sort of systematization. We call “mood” the sum of the material-related 
environmental elements that are controlled by the designer and that are relevant in the 
subjective process of the functional and mental representation of space of the user. Figure 2 
and Figure 3 show the same space with different moods. 

While researches that are categorizing and discussing variables related to material quality exist 
(cf. Sadalla and Sheets, 1993, cf. Stamps and Krishnan, 2006, cf. Nasar, 1994, cf. Soliman, 2013), 
these categorizations couldn’t be applied for the case study and assumptions of the present 
research. A designer team composed of architects got the task to design moods (Mood_1 
and Mood_2) that are (1) very different from each other, (2) generate strong moods that have 
positive affective effects on the users, (3) that are credible and (4) to design by changing material 
qualities variables that can be controlled in the experiment. Some methodological issues and 
observations related to the design process are described in detail in the Appendix (7.1). The 
geometry and position of the furniture was kept the same in all rooms in all environments, 
not to affect any configurational (geometry-related) features, so both moods (Mood_1 and 
Mood_2) had to be adjusted to that specific furniture.
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Figure 2 - Mood_1 in room C and D and Mood_2 in the distance in room E

Figure 3 - Mood_2 in room C and D and Mood_1 in the distance in room E

3.4. QUESTIONNAIRE TYPES

Different cases (questionnaire types, see the online questionnaire links in the Appendix 7.2) 
are generated by changing the surface structuring qualities of the rooms and the order of the 
scenarios (Table 3). The configurational variables (Table 2) of the spatial system are the same 
in all of the cases. Two sets of designs ( Mood_1 and Mood_2, see in Figure 2 and Figure 3.) are 
used to differentiate the cases in terms of material quality. In the homogeneous cases all rooms 
have the same surface properties. E1: all the rooms use the first set of design (Mood_1); E2: all 
the rooms use the second set of design (Mood_2). In the heterogeneous cases one room of the 
spatial system has different material qualities than all the others. E3: room E uses the first set of 
design (Mood_1), while all the other rooms the second (Mood_2); E4: room E uses the second 
set of design (Mood_2), all the other the first (Mood_1). The configurational/geometry-related 
aspects of space are fixed. (See Figure 4 about the overview of the combinations of the moods 
applied to the rooms.) The article presents results obtained for E1 and E4.
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Questionnaire 
Type

Order of scenarios
Environment 

Types
Mood

A From Higher degree of openness to 
coincidental encounter to a lower 

degree

S1-S3-S5-S7 E1 Homogenous M1

B S5-S7-S1-S3 E4 Heterogenous M1-M2

C From a lower degree of openness to 
coincidental encounter to a higher 

degree

S5-S7-S1-S3 E1 Homogenous M1

D S5-S7-S1-S3 E4 Heterogenous M1-M2

Table 3 - Questionnaire types and orders of the scenarios

Figure 4 - Overview of design arrangements. Current study focuses on E1 and E4

4. RESULTS

107 respondents have completed the experiment2. The convenience sampling aimed to reach 
respondents who can easily relate to the given situations. The number of architects and 
non-professional respondents were balanced. The present study does not investigate the 
differences in results by user groups. The participants evaluated their immersion into the virtual 
environment on an average of 4,03 on a 1-5 Likert scale.

The research hypothesis (see section 2.) was the following:  when sub-spaces in a spatial system 
are different in terms of their configurational measures and heterogenous in their surface 
structuring (material qualities), there will be cases when the latter variables are dominant in the 
subjective process of the functional and mental representation of space, which is influencing 
patterns in spatial choices. In these cases spatial choices are altering relative to those which 
would exist in the same setting of spatial configuration but with homogenous material qualities. 
We have used an office environment composed of 6 sub-spaces to test this, with generating 
different cases (questionnaire types) as described in section 3.4.  In the heterogeneous cases 
room E has different material qualities than all the other rooms, therefore - as in the research 
hypothesis - we expect to get different patterns in spatial choices compared to the homogeneous 
cases. The rooms do not have precisely the same physical features (angles of the walls, number 
of seats. etc) - as they are based on the actual heritage building -, therefore the rooms are 
not comparable with each other in only homogenous or in only heterogenous cases, however, 
changes in seating pattern between the homogenous and heterogenous can be examined.

2	 Females: 47, males: 60; age: 34 year ± 0,89 year, min. 23 year; max. 73 year; architects:43, other professions: 63
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Chart 1 -  Comparing seating patterns between”default” and homogeneous seating pattern and between the 
homogenous and heterogenous environments in Scenario 1

Chart 2 - Comparing seating patterns between”default” and homogeneous seating pattern and between the 
homogenous and heterogenous environments in Scenario 3
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Chart 3 - Comparing seating patterns between”default” and homogeneous seating pattern and between the 
homogenous and heterogenous environments in Scenario 5

Chart 4 - Comparing seating patterns between”default” and homogeneous seating pattern and between the 
homogenous and heterogenous environments in Scenario 7
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4.1. COMPARISON OF SUB-SPACES IN SEATING PATTERNS IN HOMOGENOUS ENVIRONMENTS

Looking at seating pattern in homogenous cases gives the opportunity reflect on the effects 
of certain configurational features and to compare the social situations with each other. In 
terms of configuration Room A is a dead-end, a deep space, it has low visual integration, it 
is located far from entrance - it has little permeability and low spatial integration; Room B 
is a passage, medium in terms of depth, it is relatively far from the entrance and has a high 
visual integration. Room C is a passage, shallow space, permeable, it has high overall visual 
integration but containing tables with low visibility, near to the  entrance; Room D is a passage, 
a shallow space, the closest to the entrance of the lounge, it has a high integration visually 
as well; Room E is also a dead-end, it’s a deep space, but located near to the entrance and it 
has higher visual integration than room A (see Table 2). In the homogeneous cases all room 
have the same material qualities, therefore only configuration is expected to influence spatial 
choices depending on the social situation. 

While the rooms can’t be directly compared to each other due to the different number of seats, 
the seating pattern in the different situations can be compared with a default seating pattern 
(Chart 1)3. The default seating pattern is a seating pattern that is assumed when all the rooms 
are similar in the selected configurational variables (e.g. the rooms are isolated from each 
other and as a result total depth is zero, the number of access points is zero, visual and spatial 
integration is low, etc.) and there is no social situation presented. 

The results show significant differences in overall room choice patterns in the cases of S1 
(Chi²=20,370; df=4; p=0,000**) and S7 (Chi²=20,964; df=4; p=0,000**), in comparison with a 
default seating pattern, while in the case of S3 (Chi²=6,333; df=4; p=0,176) and S5 (Chi²=3,370; 
df=4; p=0,498) no significant differences were found. When looking at the individual rooms, 
further observations can be made (see Chart 1):

•	 In situations in which the participants are expected to be more open for coincident 
encounter (S1 and S3), lower preference is expected for “deep” spaces further away 
from the entrance and with low visibility (compared to the default seating pattern and 
compared to situations in which there is a presumably lower degree of openness for 
coincident encounter). The expectation above is confirmed in the case of room A (st. 
res.>1.95) . Also, Room B in S1 is more preferred than in the default setting. This might be 
explained by taking into account that spaces with a high level of movement can result in 
lower levels of unplanned interaction (Penn, Desyllas and Vaughan, 1999), which could 
result in the participants choosing room E or maybe B (medium spatial integration) over 
C or D (high spatial integration), as E or B is less of a space of movement, but it still has a 
high visual integration (Table 2). 

•	 In situations in which participants are less opened for coincident encounter (S5 and S7), 
compared to S1 and S3, the participants are expected to choose rooms further away from 
the entrance, they are expected to have less preference for passages and shallow spaces 
and more preference for sitting in deep spaces. When comparing the number of users 
choosing a certain room, these presumptions are in general confirmed only in S7, in the 
case of room A (Chart 1).  

4.2. COMPARISON OF HOMOGENEOUS AND HETEROGENEOUS ENVIRONMENTS

While in the previous section effects of one environment type has been investigated, this section 
compares two different environment types - one has the same material qualities (mood) in all 
of the rooms (homogeneous environment), in the other one Room E has markedly different 
material qualities than all the other rooms (heterogeneous environment). Changing material 
qualities in room E was expected to influence user choices compared to the homogeneous 
cases. First overall seating patterns in homogenous and heterogenous cases are compared, 
then the single rooms are compared in the different environments types.
3	 The default pattern is generated with the distribution based only on the number of chairs in each room:  A: 23.8% 

(24 seats), B:19% (16 seats), C:23.8% (24 seats), D 9.5% (8 seats), E: 23.8% (24 seats) based on the number of seats 
in each room.
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When comparing overall seating patterns in the spatial system between the homogenous and 
heterogenous environments by situations, there is significant difference only in the case of S3 
(Fisher’s Exact Test=9,522; df=4; p=0,046*), where significant changes are caused by the higher 
seating preference for room B (p=0,006**) and lower seating preference for room E (p=0,028*) 
in heterogenous environment4 (Chart 1). In cases S1 (Fisher’s Exact Test=7,316; df=4; p=0,116), 
S5 (Fisher’s Exact Test=1,599; df=4; p=0,824), S7 (Fisher’s Exact Test=1,931; df=4; p=0,807) there 
is no significant difference between heterogenous and homogenous cases in terms of overall 
seating pattern.

In order to understand the role of single rooms, the comparison of every pair of rooms has been 
made.  Initially the pairs including Room E were in focus, so the - potentially - direct effects of 
changing the mood in Room E could be investigated. Secondly all other relations have been 
looked into to see if changing the mood of E can generate differences in room preferences in 
the relation of other pairs as well (Table 4)5. 

4	 Although, when using the strict adjusted Bonferroni corrected p values (in this case p<0,005), there were no 
significant differences between the homogeneous and heterogeneous environments in room choices in S3. 
Although the difference in the case of room B was very close to the strict level of significance (in this case the p 
value is 0,006).

5	 The conservative two sided Fisher’s Exact Test was run on the data because the low frequencies in certain 
categories.

S1 S3 S5 S7
Cases with significant 

or tendency level difference

A-E p= 0,023* p= 0,440 p= 0,385 p=0,383 S1

B-E p= 0,053 p= 0,004** p= 0,253 p= 0,257 S1; S3

C-E p= 0,340 p= 0,229 p= 0,534 p= 0,472 NO

D-E p= 0,616 p= 0,177 p= 0,541 p= 0,455 NO

B-A p= 0,238 p= 0,103 p= 0,452 p= 0,362 NO

B-C p= 0,332 p= 0,049* p= 0,231 p= 0,449 S3

B-D p= 0,180 p= 0,359 p= 0,522 p= 0,611 NO

A-C p= 0,137 p= 0,555 p= 0,338 p= 0,617 NO

A-D p= 0,074 p=0,414 p=0,621 p=0,509 S1

C-D p=0,452 p=0,423 p=0,490 p=0,533 NO

3 cases 2 cases NO cases NO cases

Table 4 - Deviation from homogeneous cases when materials in room E are altered,  p<0.05 is statistically significant, 
p<0.1 shows difference at a tendency level;
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5. INTERPRETATION OF THE RESULTS AND CONCLUSIONS

1.	 The rooms in the spatial system of the lounge are different in terms of their configurational 
features (based on the geometry-related indicators chosen). The differences in 
configuration affects patterns of space usage depending on the social situations, 
confirming the importance of configuration in choosing seating  (corresponding to a 
certain degree of openness for coincident encounter) - but not in all the cases examined.

2.	 Changing material-related environmental variables (the way described in the 
methodology and results section of this article) affected patterns of room choices 
in certain cases, while in other relations no significant difference could be observed. 
The fact that there were cases with shifting spatial choices draws attention on the 
importance of rather aesthetic features linked to material quality (surface structuring). 
As a consequence, further investigation in material-related environmental variables is 
needed. 

3.	 While the effect of changing the moods is apparent in certain cases, the reasons need 
further investigation. Two possible explanations are: (1) the certain material qualities 
used to create mood have such effects, (2) the proportion and disposition of the moods 
relative to each other is the reason for the differences in spatial choices when comparing 
heterogenous and homogenous environments. The next phase of the present research 
will test E2 and E3 environments with Mood _1 and Mood_2 swapped (Figure 4).

4.	 A long-term goal of the research is the conscious (non-intuitive) design of moods along 
the theme of openness for coincident encounter, based on further research into relevant 
material-related environmental variables (and a systematic categorization of those). 

5.	 An important methodological aim was to carry out an experiment that is ecologically 
valid (see in 3.1.) and the results can be potentially used by designers as well. The 
participants found the experiment credible and real life-like based on the results of the 
control question regarding immersion, showing that the designer and researcher team 
succeeded in creating moods and situations that are immersive and the participants could 
relate to. Nevertheless, favouring an ecologically valid experiment (based on a real-life 
project in the design phase) over an experiment with all variables tightly controlled might 
explain certain controversies in the results.  
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APPENDIX

METHODOLOGICAL ISSUES RELATED TO THE DESIGN PROCESS 

•	 The designers found hard to design environments that provide a strong spatial experience 
without being able to work with variables that are linked to the geometry of the sub-
spaces and the furniture, as - according to the designers - the effects are dependent on 
a certain synchronization of materials and geometry. Defining what can be regarded as 
material quality was also allotted to the designers, as a more accurate definition has yet to 
be developed. An example for the occasionally inexact definitions and selection of design 
elements is the vertical bookshelf texture on the walls in Mood_1. In case the bookshelves 
have rather aesthetic  and associative effects (such as association to calmness, wisdom, 
etc.) it can fit in the given methodological concept, but it can raise methodological 
concerns if the shelves also have strong functional connotations (Peponis et al., 2007).

•	 A design challenge was to set up a balance between the simplification of the physical 
features to control variables and real life complexity of the heritage building and 
program used as a case study. Researches on environmental preferences show that a 
certain degree of complexity is needed (depending on the context) for a higher degree 
of preference (Kaplan, 1987, Berlyne, 1974). A major design challenge to reach sufficient 
complexity despite the homogeneity/standardization needed between the sub-spaces 
and moods. The design team and the researchers based their decisions with a regard on 
these contradictions. The furniture had to be kept homogenous: the size and geometry 
of the tables, number and height of the lamps (etc) are the same in each rooms and both 
Moods. Above these features the colour and the material were the same in each mood in 
all sub-spaces. 

•	 An appropriate design tool for creating a “strong mood” is the application of unique 
elements with strong affective effects (such as plants (Kaplan and Kaplan, 1989). Each 
room contains a unique element that is linked to either Mood_1, or Mood_2, so no single 
room is prioritized.

QUESTIONNAIRE LINKS

Questionnaire A 

Questionnaire B

Questionnaire C

Questionnaire D

TEXT OF THE SCENARIOS USED IN THE QUESTIONNAIRE

S1 - SCENARIO 1

You have  just finished your morning working session at your desk which is on the first floor, as you 
needed all your notes that you left on your table yesterday. Some change in the environment could 
be beneficial, so you decide to have a coffee in the researchers’ living room and to dive into your 
new topic on what you will be working on the rest of the week.

S3 - SCENARIO 3 

You were very happy to learn that a young colleague from the States is going to spend a semester 
in Budapest, and going to use the library of your organization. You have contacted him and invited 
for a meeting, to find a common research topic. You choose a table for both in the lounge, hoping 
that your colleague will get a good impression of your workplace.
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S5 - SCENARIO 5 

You have plenty of work to do, you have been sitting at your desk on the first floor for days buried 
in work. You really need to concentrate on your job, but you feel you need  a different environment 
to go on, so you go down to the lounge to continue working there. You are ordering a coffee.

S7 - SCENARIO 7 

You will have an important meeting to discuss a research with a fellow colleague of your age. The 
deadlines are very tight and you are stuck in solving a problem that needs urgent answer. Usually 
you work in the library but now you’re sitting down in the lounge. You are ordering a coffee, papers 
are all around the table.
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ABSTRACT

We report an experimental study investigating how changing vantage points and the context of 
viewing can lead viewers to shifts of attentional emphasis towards given architectural elements 
within an isovist, leading to different interpretations of these elements. We exposed a set of 
participants to interior views of the gallery space of Pulitzer Foundation for the Arts designed 
by Tadao Ando (St.Louis, US) that differed in vantage points and in a task context, and then 
asked them to register their impression of two prominent elements visible in the views—a 
long window and a parapet wall—and of the shape of the overall space of the gallery. Our 
results showed that the interpretations of the window changed with shifting viewpoints, but 
not those of the parapet. Nevertheless, we could manipulate the dominance of the potential 
interpretations by presenting different visual information and introducing different contexts. 
Our results indicate that while interpretations of objects may not change completely, the 
strength of the interpretations can increase and decrease significantly. We were also able to 
confirm that changes in viewpoints significantly changed the perception of the overall shape of 
the space. The broader aim behind this study was to learn what influences shifts in attention of 
what is available in the isovist, and how that can produce changes in aspects or interpretation 
of the seen objects. This kind of knowledge can help us understand how design decisions by 
architects influence not only the shape and size of isovists in buildings, but also what is actually 
registered by a viewer within them.
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1. RESEARCH TOPIC AND MAIN THEORETICAL ASSUMPTIONS 

As a basic element in the syntactical description of space, the isovist has always been conceived 
of as being ecumenical with respect to what is actually registered by the situated observer 
(Peponis et al., 1997; Benedikt, 1979). And so what is captured in isovist, or field-of-view based 
metrics such as in Depthmap’s VGA, are potential fields of view (Turner et al., 2002). The study 
we intend to present is part of a research based on investigating the difference between what 
is potentially available and what is actually registered by situated viewers, the premise being 
that the task that the viewers are engaged in would alter the salience of what they attend to 
within the visual field (Shiffrin, 1988; Mack and Rock, 1998). If some systematic qualities  can be 
found in the change of relative salience of what is noticed, then subtler structural descriptions 
of spaces can be developed that are more sensitive to architectural qualities (Zook and Bafna, 
2016).

Our study is a further development of ideas that we originally investigated in an experimental 
study in Bafna, Losonczi, and Peponis (2012).  There, the main intention was to test if the 
changing of positions in a simple cuboidal volume would produce a systematic or predictable 
shift in visual attention1. The positions were differentiated by being placed within different 
e-partition spaces. E-partitions create regions that are by definition informationally stable, 
and any movement across an e-partition always results in a change in information (Peponis et 
al., 1997). The study found that shifts in visual attention were not simply associated with the 
information actually available in the isovist from the position selected, but was influenced by 
the path on which the position was located. The nature of attention could vary for the same 
position depending upon which path the position was associated with. 

The present study investigates these issues further. The emphasis here is on how visual 
attention can pick-out different aspects of what is given in the isovist of a point location 
inside an architectural interior. The shift in attention, we think, should happen according to 
two distinct sets of factors, both working independently. The first factor is spatial location. As 
one moves within a building, and is attending consciously to it, he or she will be exposed to 
visual information about the building elements in different order (Eisenkolb, Schill, Röhrbein, 
Baier, Musto, and Brauer, 2000). If this is true then the observer is likely to attend to different 
attributes as his or her position changes; the position change creates a dynamic change in his 
or her attention. In a carefully designed building, the way in which this information is revealed 
can be carefully considered and is often treated as an aspect of the design itself (Bafna, 2013). 
Architecture, in a manner of speaking, turns buildings into machines designed to guide attention 
to themselves. 

A second factor in controlling attention has to do with the fact that attention is purpose or 
task-dependent (James, 1890, 447-50). To attend to something is to attend to it as a part of a 
particular task or activity. If the attention is without purpose, then it becomes aimless and can 
quickly dissipate. In fact, work on inattentional blindness has shown that under certain tasks 
participants can actually be blind to very large objects in their visual fields (Mack and Rock, 
1998). The specific type of attention we refer to here is focal visual attention. A form of attention 
that is associated with maintaining alertness has a different character altogether (Posner, 1994) 
and is not the subject of our study here. It follows that arming an observer with a specific task 
should have a notable effect on what he or she attends to in the space. Architects, it is true, 
cannot control the kinds of tasks visitors to their buildings may be occupied with, but insofar 
as they design buildings to be looked at and appreciated, it is useful to know how a purposeful 
visual examination of building can influence what is seen in the building.  

1	 We are using the term attention to refer exclusively to visual attention in this paper.
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2. EXPERIMENTAL DESIGN 

2.1 SET UP: ATTENTION TO ARCHITECTURAL ELEMENTS AND INTERPRETATIONS

In order to study the effect of both spatial location and the task-related context, we designed 
a study in which we exposed a set of participants to interior views of a large room, while they 
were placed under a variety of conditions related to both these factors. 

The views were presented as 1800*1200 pixels images2 of interior scenes obtained from a 
three-dimensional computer model of the gallery space in the Pulitzer Foundation for the Arts 
at St. Louis Missouri, designed by Tadao Ando. Ando’s design for the interior of this room is 
very sparse, but with a very distinctive and unique organization. The room is very long (168 
feet) and high (24 feet) for its width (24 feet), and features plain white walls and ceilings and 
a light grey floor. A few elements relieve the plainness of the entire space; these include 1) 
wide steps going down at one end, 2) leaving a narrow passage on one side at the same level 
along the main floor 3) a large, horizontal, glazed window running along the passage, 4) a low 
parapet along the passage, and 5) a hidden skylight at the far end. None of these elements is 
typical; all are ambiguous as to their function and character. Our aim was to see if exposing 
participants to views taken from particular viewpoints or having them involved in specific task-
related conditions would lead them to attend to different aspects of these elements, or to see 
them in one way or another.

We collected data on two elements as well as on the overall understanding of the shape of the 
space as the participants saw it. The selection of the elements3 and their potential interpretations 
used in the experiment was derived from a series of previous studies by the research group (cf. 
Losonczi et al., 2014 and 2015). One of the elements was the long window on the right side 
of the gallery space (Figure 1a). Sometimes it appears to be a long glass wall that brings light 
and can be interpreted as kind of a light-giving object or lightsource that is, as an object that 
provides light  (in the questionnaire we used the Hungarian term fényforrás). In other views, 
it appears to be kind of an aperture or void cut out into the solid wall that is connecting up 
the inner and the outer spaces (in the questionnaire we used the Hungarian term nyílás). The 
other element was the low horizontal parapet that runs along the narrow passage next to the 
window.  The parapet wall can be interpreted either as a wall that divides the space of the room 
into two parts, or as a slab placed on the floor of the bridge for safety4.

We introduced one more feature of the design in our experiment to which participants had to 
respond, the space of the entire gallery. Focal attention to the building is not always narrowly 
focused on individual elements or parts of the building; it is also broadened to include an 
understanding of the entire space. The design of the room subtly alters the perception of its 
shape under different conditions. From some points of view, depth seems like a dominant 
dimension, and from others width or height do, and sometimes dominance may be shared by 
two dimensions. We wanted to test if the attention of the viewers would be sensitive to the 
shifts in such perceptions. 

2	 We used a photorealistic model of the gallery, created using Autodesk Revit Architecture (2011) and Autodesk 3ds 
Max Design (2011) to generate the views, rather than actual photographs of the gallery. The virtual model and 
the renders were produced with the help of Matthew Swarts, research scientist, School of Architecture, Georgia 
Institute of Technology. 

3	 We are investigating the role of the elements and their interaction with the space and the perception of the space 
(instead of investigating only the role of the whole space) in order to explore the possible consequences of each 
design decision separately. So as to designer architects can use the outcome of the research in a more efficient 
way. In our previous studies we found that the potential moves considered by the designers were all related to a 
small set of elements of an architectural setting (Losonczi et al., 2014).

4	 There are no equivalent English terms to the Hungarian ones used in the experiment for the reading of the 
window. Therefore we give a description of the terms here (above) and we will use later on the following labels: 
“light-giving object” vs. “void/aperture” for the interpretations of the window. Labels for the interpretations of 
the parapet wall will be “slab+protection” vs “wall+division”, labels used by virtue of simplification.
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In this paper we were not interested in comparing the differences between the three items 
(window, parapet wall and entire space), but in checking to see if our hypotheses held across 
each of them independently. However, as we will discuss later, the perception of space is 
holistic and we had some general assumptions that users’ perceptions of different aspects of 
the window and the parapet would be aligned with their perceptions of space.

Figure 1a - Pulitzer Foundation for the Arts (St.Louis, USA) designed by Tadao Ando; Five vantage points used in the 
experiment5 

5	 See footnote 2 above

Figure 1b - Pulitzer Foundation for the Arts (St.Louis, USA) designed by Tadao Ando; Plan, section and the four 
vantage points used in the experiment
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2.2 EXPOSURE TO FACTOR 1: SHIFTS IN SPATIAL LOCATION 

The exposure to the spatial location factor was created by selecting distinct vantage points from 
which rendered views of the room were generated. The views looked in the same direction, so 
assembling them in sequence suggested a path. Each participant was exposed to three vantage 
points for each item one after the other, as he or she considered responses to the window, the 
parapet wall, and the overall space. The vantage points and the three routes are illustrated on 
Figure 2. The route designed for the window-task is identical to the route used for the space-
task; and have two vantage points that are identical with the first and third views of the parapet 
route.

Figure 2 - Window set of views  (W1, W2, W3); Parapet set of views (P1, P2, P3); Space set of views 
(S1, S2, S3)

For window, we hypothesized that from the first view (vantage point W1), the window appearing 
small and relatively opaque, and contrasting with the relatively dark gallery would appear more 
strongly like a “light-giving object”. For the second view (vantage point W2), we hypothesized 
that it would show increased identification as a “void/aperture” as the viewer picked out the 
attributes like the absence of frame, the floor level as the sill level of the window, the unusual 
proportions of the window, and the solid wall. The third view (vantage point W3) showed both 
expanse outside, but with the visual interruption created by the parapet, we hypothesized that 
it would create ambiguity in identification. 

For the parapet, we hypothesized that the first view (vantage point P1) would orient participants’ 
attention to the difference at the floor level in the bridge-like space and the space on the other 
side of the low-height wall (parapet wall) along the bridge. And this focus would lead to an 
identification of the parapet wall as a low slab placed on the floor of the bridge for safety; “slab+ 
protection”. From the second view (vantage point P2), when the other side of the parapet is 
appearing in the visual field, they would perhaps attend also to its surface-like quality and tend to 
see it both as a “wall+division” and “slab+protection”. Then in the next view (vantage point P3), 
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when they encountered the parapet next to the steps, its height and enclosing quality become 
more dominant and they tend to see it more likely as a wall dividing the space; “wall+division”.

The hypotheses about how the overall space would be read from each vantage point were quite 
straightforward: “depth” was expected to be found as the dimension dominant in participants’ 
perception for vantage point S1, “width” for vantage point S2, and “height” for vantage point 
S3. 

2.3 EXPOSURE TO FACTOR 2: TASK-RELATED CONDITIONS 

The varying exposure to the task related condition was created by constructing two narratives 
and asking the participants to perform a small task at the beginning and at the end of the 
exercise. In story A, the participants were asked to think of the room as a gallery where an 
exhibition is being held. Their task was to help the curator to find the place for 3 sets of antique 
paintings that are quite small in size with each set consisting of 6-8 pieces. Participants were 
asked to imagine themselves in the space showing the curator their suggestions about where 
to hang the paintings. In story B, the participants were asked to again consider as a setting 
for contemporary art in which an event consisting of an exhibition and an interactive dance 
performance was planned. Participants were tasked with helping to the curator find locations 
for 6 poster-like artworks printed on a semi-transparent and waterproof textile. The posters 
were described as being about 2 meters high and 3 meters wide each. Participants were also 
asked to find a place for those people who would want to observe the interactive event without 
participating actively in it. Participants were asked to imagine themselves in the space showing 
the curator their suggestions about where to hang the artworks and where to place the people. 
To create a comparative benchmark for the participants’ attention we also created a control 
condition, in which the participants were not exposed to any task, but were simply asked to 
record their changing interpretation of the two elements and overall space with the change of 
vantage points. 

The participants were divided into three groups, with each group being exposed to one of the 
task-related condition. 

In case of story A we expected that the participants’ attention would focus on the walls, their 
size, the light falling on them, and on distances from which “small-size” paintings are seen. 

In case of story B, we expected the participants’ attention to be distributed over the entire 
space, focusing not just on walls, but on the floors as well, and bringing into consideration 
views across the entire room. Because the posters to be located were transparent and large, 
participants had an opportunity to consider non-traditional hangings, say in the middle of the 
room, in the space outside the window etc., and because they were asked to accommodate 
passive and active observers, we expected them to think actively about primary and secondary 
spaces of the room (such as narrow passage next to the window, the space outside the window, 
the steps etc.) considering the spatial relations between them as well.

In comparison with the control condition, exposure to story A, therefore, was expected to result 
in increased identification with the window as “light-giving object”, whereas exposure to story 
B was expected to result in a simultaneous identification of the window as both “light-giving 
object” and “void/aperture”. The parapet was expected to be more strongly perceived as a 
“wall+division” by participants in condition A, and as a “slab+protection” in condition B. 

2.4 PROCEDURE 

2.4.1 PARTICIPANTS

93 adult participants were recruited for the experiment (mean age=26.1 years min.=20 max.= 
55). Most of them were university students who got credits for participation. The number 
of participants per the three task-related conditions was balanced 30/30/33 participants for 
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stories A and B and the control condition C respectively. The age, sex, and profession6 of the 
participants were matched in case of the three task-related conditions. 

As described above, different groups of participants were exposed to different task-related 
conditions, but within each group, each participant was exposed to all three sets of vantage 
points as each participants were asked about all the three items — the two building elements 
and the overall space.

The survey was conducted through an online electronic interface in Hungarian language. At 
the beginning of the survey 5 views of the space were presented to the participants, they were 
asked to study them and to become familiar with the room presented. In the same page of 
the survey the participants were given the description of the imaginary situation (the stories A 
and B) that included a task. Participants were asked to keep the task in mind during filling the 
questionnaire. It was optional to give a comment/answer on this page and participants were 
told that they will be asked again about the same task at the end of the questionnaire. The aim 
was to keep the task active in the mind of the participants as they answered the question. The 
task (especially in case of story B) was not easy to solve. We supposed that participants doing 
their imaginary walks in the space will be searching for specific information being able to do the 
task. So thus participant groups (A, B) will be aware of slightly different information according 
to the stories (A, B) given on the first page of the survey. 

After this section participants were asked about potential interpretations of the window and 
the parapet wall. The interpretations of both elements had to be considered one by one by the 
2X3 vantage points linked to the elements (3 vantage points to each, according to the theory 
described above). Each vantage point of the window set was linked to the same question 
“How well do the following phrases describe the long window on the right side of the room?” 
Participants were asked to rank the following answers 1. “A light-giving object” (1: Not at all 
- 7: Very well); 2. “A void/aperture connecting to the outside” (1: Not at all - 7: Very well); and 
they were asked to give an optional answer in case they were thinking about another phrase 
describing the window better. The questionnaire of the parapet wall section was designed 
similar way. Each vantage point of the parapet wall set was linked to the same question “How 
well do the following phrases describe the parapet seen in the middle of the room?”  Participants 
were asked to rank the following answers 1. “A wall that divides the space of the room into two 
parts” (1: Not at all - 7: Very well); 2. “A slab placed on the floor of the bridge for safety” (1: Not 
at all - 7: Very well); and they were asked to give an optional answer in case they were thinking 
about another phrase describing the parapet wall better.

Questions about the perceived shape of the entire space followed. Participants were asked to 
imagine themselves standing in the art room and asked about their perception of the space seen 
in the pictures presented to them. We suggested that “the space can be described as extending 
in three dimensions: 1. Along a vertical axis, extending up or down, parallel to a standing human 
body, 2. Along a horizontal axis parallel to the plane of the picture, extending left or right , and 3. 
Along a horizontal axis extending in depth away.” Participants were asked the same questions 
about each views of the Space route and were asked to choose one of the 4 options: “For each 
picture you see, along which one of the three dimensions do you feel the space extends most 
strongly? 1. Depth (extending into or out of picture plane); 2. Width (extending left or right 
parallel to the picture plane); 3. Height (extending vertically up or down); or 4. No dominant 
dimension”.

6	 We assume that space-competence matters in the process how visitors (participants of the experiment in this 
case) read an architectural setting.

	 In further analysis we are interested in how architects and human experts are different in so elementary functions 
like spontaneous visual attention. In this paper, we do not analyze neither gender differences, nor divergencies 
between architects and non-architects.
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3. ANALYSIS PROCEDURE 

As we explain the analysis procedure the reader may find it useful to keep in mind the summary 
of raw scores obtained from the entire experiment. See Table 1.

Table 1 - Summary of raw scores obtained from the entire experiment
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We analyzed the (absolute or relative) change of the interpretations according to the shifts 
of spatial locations (viewpoints) in case of the window and the parapet across the three task-
related conditions. 

We conducted four types of analyses which focused on different aspects of the results (we only 
report statistically significant results)7:

1.	 To get a general view of the effects of the experimental manipulations (task-related 
conditions; viewpoints; offered interpretations) and the interaction of the manipulated 
factors we used the original 7-scale-scores and ran the following statistical analyses 
on them separately for the two spatial objects (window and parapet). To be able to see 
the effect of the two types of manipulations (within- vs. between-subject variables) in 
general, we ran a 3x2x3 mixed ANOVA where the two repeated-measure factors (within-
subject variables) were the three viewpoints and the two interpretations “light-giving 
object” vs. “void/aperture” for the window and “slab+protection” vs “wall+division” for 
the parapet. When the sphericity criterion was unfulfilled we applied the Greenhouse-
Geisser correction. The independent variable (between-subject variable) was the task-
related condition (3 levels). As a post-hoc test for the between-subject effect we applied 
the Bonferroni calculation.

2.	 We were also interested in the relative difference between the two interpretations 
of the objects so we converted the subjects’ scores for each of the two elements into 
dichotomous variables: for each interpretation therefore, if the subjects’ score was larger, 
the value of the variable assigned was 1 and if it was smaller the value assigned was zero. 
. If the two scores were equal both of the interpretation variables were assigned zeros. 
Using these dichotomous variables as response variables, we ran Wilcoxon signed ranks 
tests for each of the three viewpoints in the three task-related conditions separately. As 
it is not possible to use such non-parametric tests to conduct ANOVA type of factorial 
analyses, the differences between task-related conditions can only indirectly signify the 
different background processes. However, we see this kind of calculation as being more 
sensitive in capturing the dynamics of the viewpoint changes. This kind of analysis was 
suitable for determining the actual dominance of one interpretation over the other in 
case of the two objects. 

3.	 Similar relative variables were calculated for determining the change of interpretations 
between the three viewpoints. When the subjects’ interpretive scores were bigger in 
viewpoint 1 compared to viewpoint 2 we marked viewpoint 1 as having the value 1, and 
viewpoint 2 as zero. When the two scores were equal we marked both variables as zero. 
This coding was repeated for viewpoint 2 versus 3. We ran Wilcoxon signed ranks tests 
on the four variables  for each interpretations in the three conditions separately. The 
four variables come from comparing changes in the successive viewpoints (variable 1 is 
when scores for viewpoint 1 is greater than for viewpoint 2; variable 2 is when scores 
for viewpoint 2 is greater than for viewpoint 1; variable 3 is when scores for viewpoint 2 
is greater than for viewpoint 3; variable 4 is when scores for viewpoint 3 is greater than 
for viewpoint 2). All the limitations we describe in the second point (ii) above for non-
parametric tests are valid here too. But again, the advantage of these calculations here 
is to show the possible dynamic change of interpretations due to the viewpoint changes.

4.	 Since the vantage points used for the overall space (S1, S2, S3) were identical to those of 
pictures representing the three different viewpoints (W1, W2, W3) in case of the window 
it seems reasonable to match the participants’ interpretations for the overall space to 
the relative dominance of any of the interpretations for the window. For these types 
of analyses we created another transformation on the original raw scores. We recoded 
the original responses within each interpretations according to the following rule: those 

7	 The statistical analyses that we refer to below are standard tests for hypothesis-testing—variants of ANOVA or 
Chi-Square, as well as some of their non-parametric analogues. For the readers not familiar with such tests, a 
glossary appended at the end of the paper gives their definitions, as well as those of the corrections that we 
applied, and sources for learning about them further.
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scores that were below 5 were recoded into value zero (interpretation-low), and the 
scores above 4 were recoded into value 1,  (interpretation-high) In consequence, we had 
two dichotomous interpretation variables (“light-giving object” low-high, “void/aperture” 
low-high) for the three viewpoints. We with a help of chi-square tests could compare the 
distribution of the low-high values to the distribution of the three spatial dimensions 
(“height”/”width”/”depth”). Here the main question was whether the dominance of an 
interpretation (e.g. high values for the “light-giving object” interpretation) correspond 
to the dominance of any of the three spatial dimensions within the actual vantage point 
(e.g. the dominance of “height” values within S1)

4. RESULTS

1.	 In case of the window the 3x2x3 mixed ANOVA produced a significant main effect of the 
viewpoint F (2,180) = 41.24 p > .001 η22= .31. Neither the other main effect (interpretation), 
nor the interactions were significant, and nor was the between-subject effect for the 
task-related conditions. 

Based on the contrast analyses we can state that the significant effect was caused by the 
overall increase of the values for both functions in case of the viewpoint 2 compared to 
the two other viewpoints (viewpoint 1 vs viewpoint 2: F (1, 90) = 49.81 p < .001 η2= .36. 
viewpoint 2 vs. viewpoint 3 F (1, 90) = 68.51 p < .001 η2= .43.). Figure 3 demonstrates this 
change in general, for all task-related conditions.

Figure 3 - Average value changes for the two interpretations 
according to the three viewpoints in all task-related 
conditions. Whiskers represent standard error values. Stars 
represent the value of significance (p < .001).

In case of the parapet the 3x2x3 mixed ANOVA produced a significant main effect for 
the interpretation variable F (1,90) = 33.22 p < .001 η2= .27. Neither the other main effect 
(viewpoint) or interactions were significant, nor the between-subject effect for the task-
related conditions.

According to the contrast analyses we can state that the significant effect was caused by the 
bigger average scores for the “slab+protection” interpretation in general. This difference 
was stable across viewpoints and task-related conditions. Figure 4 demonstrates this 
change in general, independently of the type of the task-related conditions.
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Figure 4 - Average value changes for the two 
interpretations according to the three viewpoints in all 
task-related conditions. Whiskers represent standard error 
values. Stars represent the value of significance according to 
the following rule: ***p < .001 **p< 01.

Figure 5a - The relative dominance of the “light-giving 
object” interpretation of the window in task-related 
condition A based on the Wilcoxon signed ranks test. 
Numbers are representing the number of ranks towards the 
given interpretation, and the cases when both values were 
equal. 

As figure shows contrast analyses revealed another significant result: the averaged 
values for both interpretations were bigger in case of viewpoint 3 compared to viewpoint 
2 F (1,90) = 10.27 p < .01 η2= .1. 

2.	 In case of the window we found significant differences between the two interpretations 
in the story A condition in viewpoint 2 (Z = -1.96 p< .05). This difference was caused 
by the dominance of the “light-giving object” interpretation over the “void/aperture” 
interpretation. In general, the “light-giving object” interpretation did get bigger scores 
according the absolute value-calculation but if we focus on the differences between 
the two interpretations we see a significant dominance of the “light-giving object” 
interpretation in condition A in viewpoint 2.

Figure 5a shows this relative difference of the two interpretations under the condition of 
story A in viewpoint 2.

To be able to compare this relative calculation with the original, absolute one we present 
a similar visualization for the mean values for the dichotomous variables related to the 
possible dominance of one of the two window interpretations (see Figure 5b).
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Figure 5b - Mean values in case of the relative calculation for 
the dominance of one of the two window interpretations. 
(* = p < .5)

In case of the parapet the dominance of the “slab+protection” interpretation was present 
also in the non-parametric test so the Wilcoxon signed ranks tests in each viewpoint were 
significant (Viewpoint 1 Z = -4.23 p < .001; Viewpoint 2 Z = -4.22 p < .001; Viewpoint 3 Z 
= -3.01 p < .01 ). These significant effects were also present in all conditions separately 
except the task-related condition A where the dominance of the “slab+protection” 
interpretation was not significant in Viewpoint 38.  

Figure 6a shows this stable dominance towards the “slab+protection” interpretation in 
each viewpoints in all task-related conditions. 

Here we also present another visualization of the results as we did in case of the window. 
Figure 6b shows the differences of the mean values of the dichotomous variables in case 
of each viewpoint in all task-related conditions.

8	 This later result is important as it shows the validity of this calculation: the significant difference between the 
two viewpoints in case of the parapet in the original calculation was probably caused by this difference in the 
distribution of the values according to the two interpretations.

Figure 6a - The relative dominance of the “slab+protection” 
interpretation of the parapet in each viewpoints separately, in all task-
related conditions based on the Wilcoxon signed ranks test. Numbers 
are representing the number of ranks towards the given interpretation, 
and the cases when both values were equal.
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Figure 6b - Differences in the mean values for the two interpretations 
of the parapet according to the relative calculation in each viewpoint in 
all conditions. Stars represent the value of significance according to the 
following rule: ***p < .001 **p< 01.

Figure 7 - Differences in the mean values for the two 
interpretations of the parapet according to the relative 
calculation in each viewpoint in all conditions. Stars 
represent the value of significance according to the following 
rule: ***p < .001 **p< 01.

3. 	 In case of the window we got the same impact of the viewpoint as we saw before as in case 
of both interpretations in viewpoint 2 got more ranks compared to viewpoints 1 and 3. 

In case of the parapet this analysis showed something extra: the increase of the 
“wall+division” interpretation was present only in condition A when viewpoint changed 
from 2 into 3 

(Z = -2.98 p < .01). 

4. 	 A Friedman test revealed significant differences between the mean ranks of the three 
views encountered for the questions for space (Vantage points S1, S2, S3) χ2 (2) = 60.07 
p < .001. In case of the first view (Vantage point S1) the “depth” answers were dominant, 
in case of second view (Vantage point S1) both “depth” and “width”, and in case of the 
third view (Vantage point S1) the “height” answers were dominant.  The chi-square tests 
were significant only in case of the second vantage point (S2) where the “void/aperture” 
interpretation in  got significantly more “width” answers for the space questions.  On the 
contrary, those subjects who gave bigger scores to “void/aperture” interpretation in the 
same situation, also found the space to be significantly to be more associated with the 
“height” dimension (χ2 (2) = 7.18 p < .05; see Figure 7.) This double dissociation seems to 
represent the same underlying process.
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5. DISCUSSION 

5.1 EFFECTS OF THE CONDITIONS

In this study our aim was to investigate how the changes in salience of visual information 
created either by being pre-occupied in a specific task, or simply changing position within 
the environment can create different interpretations of the elements of an architectural 
environment. Our results showed that both our exposure factors did create some change in 
interpretation, but differently for the two elements. 

In case of the window there was a significant change in the strength of both interpretations9. In 
case of the parapet wall however, the strength-values were more stable. We found that one of 
the interpretations of the parapet wall – (“slab+protection”) - was more likely to be dominant 
throughout10. However in case of the window the strength of both interpretations were 
generally similar. These characteristics of the elements did not change by viewpoints.

We also did not find a significant main effect for the second factor — task-related context, 
but results showed that for specific locations task A had a stronger effect on the participants. 
The result supports the idea that the effect of task-related conditions is to focus attention on 
particular attributes. Task A, for instance, would have led the participants to focus attention 
specifically on wall-surfaces, their enclosing quality, relative illumination, and their visibility 
closely, as the participants decided where to place pictures on the walls. Task B, on the other 
hand, could have created a more diffuse attention because it asked the participants to keep a 
more complex and larger set of attributes in mind, as they figured out how to locate people 
and how to hang large translucent posters within the space of the gallery considering potential 
cross-views as well11.

5.2 SHIFTS BETWEEN THE INTERPRETATIONS

Our results did not confirm the assumption that interpretations can change completely with 
changes in either location or task-related context. This could be caused by the heterogeneity 
of participants’ answers. They differently used the 7-point scale, and also, were not equally 
sensitive to the differences between the two interpretations. Furthermore, there were cases 
when the consensus was lower. This question needs further modifications of the experimental 
design.

Our results indicate that while interpretations of objects may not change completely, the 
strength of the interpretations can increase and decrease significantly, and in the predicted 
direction, with both locations and task-related context. And because the two interpretations can 
co-exist in the mind of the participants, the shifts in the strength of their interpretation can be 
independent of each other. For instance in case of the window at the second viewpoint (general 
task-related condition), the strength of both interpretations significantly increased compared 
to the ones at the first and third viewpoints. Similarly, in case of the parapet wall, one of the 
analysis shows a significant increase of the strength of the interpretation as “wall+division” 
and a stability of the strength of the interpretation as “slab+protection” that results in a higher 
level of ambiguity in readings. That leads to the assumption that even elements with stable 
interpretation can be modified to be more ambiguous in specific conditions.

9	 Both interpetations of the window - “void/aperture” and “light-giving object” - had significantly larger values for 
viewpoint 2 as compared to viewpoints 1 and 3.

10	The differences between the strength of the interpretations of the parapet wall - “wall+division” and 
“slab+protection” - were significant in case of all views in all task-related conditions (except in case of task-related 
condition A viewpoint 3).

11	 Participants were asked to respond to the verbal tasks in a descriptive way. Qualitative analysis of the verbal data 
supports the assumption that Task B made participants to understood and used the space in a more creative way 
than in case of Task A. 
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5.3 ARCHITECTURAL ASPECTS

We included the questions about the perception of the entire space in order to extend the 
research to a topic that is more likely meets with the interest of designer architects. We assume 
that the interpretations of the elements of an architectural setting contribute to the overall 
reading of the space. For instance the window being read as “void/aperture” and the parapet 
being read as “slab+protection”, instead of a surface dividing the space  - “wall+division” - can 
contribute to the perception of the width of the space as the dominant dimension. We assume 
that the synchronized effects on interpretations can lead to a particular architectural quality. 
Results supported our hypothesis that the space was perceived as being stronger in “width” 
dimension when the window was read as “void/aperture”12.  

5.4 RESEARCH OF CATEGORIZATION

While this paper does not focus on specific theories of categorization, its approach gives the 
opportunity to continue investigating specific types of interpretations that are more likely 
exclusive and understand them as categories. If we think of these interpretations as labels of 
the functional categories of these spatial objects then the relative difference between the two 
interpretations should be highlighted. We found evidence for the differentiation between the two 
interpretations even in this setting where we let the participants use the scales independently 
from each other. This raises the question, what happens if we ask them to choose between the 
two interpretations focusing on one aspect of the object. This approach might reflect better the 
dynamic nature of understanding the objects via moving in the space. We know from earlier 
studies that categories are flexible (Barsalou, 1983), and that objects labels have an impact on 
category decision (cf. Fulkerson and Waxman, 2007). At the same time we also know that the 
original label can influence the categorization of an object (cf. Bloom, 1996; Kelemen, 2004). It 
is our next theoretical question whether spatial objects behave as cultural artifacts and so their 
form and original use give the dominant interpretation which is culturally different or the space 
and the movement in the space make categorization more flexible.

12	Participants who gave higher rates for “void/aperture” considered the perception of the width of the whole space 
more important, and similarly participants who gave lower rates for “void/aperture” considered the perception 
of the height of the whole space more important. These results seem to support the same - assumed - underlying 
process.
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APPENDIX

GLOSSARY OF STATISTICAL TESTS USED IN THE STUDY

The definitions listed here are adapted from several sources, as noted below. The text has been 
edited for relevance and context. Readers not familiar with these tests or those wishing further 
information will find it in standard textbooks on the subject. Alan Agresti, Categorical Data 
Analysis (3rd edition, 2013) is a common useful reference.  

ANALYSIS OF VARIANCE (ANOVA)

Analysis of variance (ANOVA) is a collection of statistical models used to analyze the differences 
among group means and their associated procedures (such as “variation” among and between 
groups). In the ANOVA setting the observed variance in a particular variable is partitioned into 
components attributable to different sources of variation. ANOVA provides a statistical test of 
whether or not the means of several groups are equal13.

BONFERRONI CORRECTION

The contrast analyses in case of repeated-measures ANOVA break down the main effect inform 
us about where the differences between the groups lie. A similar calculation for the between-
subject variable is the post-hoc test. In case of variables of more than 2 values it run pairwise 
comparisons to be able to reveal whether there are significant differences between all the 
levels. In the IBM-SPSS software we can choose between two types of analyses. One of them is 
a Bonferroni correction we preferred here14.

CHI-SQUARE TEST 

A chi-squared test is any statistical hypothesis test wherein the sampling distribution of the 
test statistic is a chi-squared distribution when the null hypothesis is true. Chi-squared tests are 
often constructed from a sum of squared errors, or through the sample variance. A chi-squared 
test can be used to attempt rejection of the null hypothesis that the data are independent. 
The chi-squared test is used to determine whether there is a significant difference between the 
expected frequencies and the observed frequencies in one or more categories15.

FRIEDMAN TEST

The Friedman test is the non-parametric alternative to the one-way ANOVA with repeated 
measures. It is used to test for differences between groups when the dependent variable being 
measured is ordinal. It can also be used for continuous data that has violated the assumptions 
necessary to run the one-way ANOVA with repeated measures (e.g., data that has marked 
deviations from normality)16.

13	 adapted from: Analysis of variance. (2017, April 17). In Wikipedia, The Free Encyclopedia. Retrieved 17:25, April 25, 
2017, from https://en.wikipedia.org/w/index.php?title=Analysis_of_variance&oldid=775807211

14	Field, A. (2009). Discovering statistics using SPSS. Sage publications. 
15	adapted from: Chi-squared test. (2017, March 28). In Wikipedia, The Free Encyclopedia. Retrieved 17:37, April 25, 

2017, from https://en.wikipedia.org/w/index.php?title=Chi-squared_test&oldid=772664938
16	adapted from: Friedman test. From: https://statistics.laerd.com/spss-tutorials/friedman-test-using-spss-

statistics.php
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MAUCHLY’S SPHERICITY TEST

Sphericity is an important assumption of a repeated-measures ANOVA. It refers to the condition 
where the variances of the differences between all possible pairs of within-subject conditions 
(i.e., levels of the independent variable) are equal. The violation of sphericity occurs when it is 
not the case that the variances of the differences between all combinations of the conditions 
are equal. If sphericity is violated, then the variance calculations may be distorted, which would 
result in an F-ratio that would be inflated17.

WILCOXON SIGNED-RANK TEST 

The Wilcoxon signed-rank test is a non-parametric statistical hypothesis test used when 
comparing two related samples, matched samples, or repeated measurements on a single 
sample to assess whether their population mean ranks differ (i.e. it is a paired difference test). It 
can be used as an alternative to the paired Student’s t-test, t-test for matched pairs, or the t-test 
for dependent samples when the population cannot be assumed to be normally distributed. A 
Wilcoxon signed-rank test is a nonparametric test that can be used to determine whether two 
dependent samples were selected from populations having the same distribution18.

17	 adapted from: Mauchly’s sphericity test. (2017, March 15). In Wikipedia, The Free Encyclopedia. Retrieved 17:34, 
April 25, 2017, from https://en.wikipedia.org/w/index.php?title=Mauchly%27s_sphericity_test&oldid=770485807

18	adapted from: Wilcoxon signed-rank test. (2017, April 25). In Wikipedia, The Free Encyclopedia. Retrieved 17:37, 
April 25, 2017, from https://en.wikipedia.org/w/index.php?title=Wilcoxon_signed-rank_test&oldid=777163157 
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ABSTRACT

This paper discusses the strategies adopted at the Park of Monserrate, a UNESCO World 
Heritage Site forming part of the Cultural Landscape of Sintra, in order to facilitate accessibility 
for a wide range of people of all ages with extended mobility needs, without affecting the site’s 
heritage values. More specifically, it explores the role of the space syntax descriptive model as a 
decision-making tool and assesses its contribution to the identification of priorities that support 
the implementation of accessibility interventions and lead to less biased and more informative 
alternatives in the context of cultural landscapes.

The decision-making process involves identifying and prioritising problems and strategies 
in order to prevent unacceptable damage to heritage, selecting appropriate actions for the 
implementation of such measures and assessing whether the desired results are achieved. 
Consideration is given to the design of a three-layer prototype mapping profile to structure 
information and to provide a spatial framework within which accessibility conditions can 
be compared and monitored. The aim is to provide a simple way of exploring accessibility 
constraints, prioritising areas of intervention and communicating with key stakeholders.

The first mapping profile provides a general picture of the existing accessibility conditions 
within the park by identifying opportunities and constraints, while the second profile explores 
the significance levels of points of interest within the park, in order to understand which ones 
constitute priorities in the attraction of visitors. The third mapping profile makes use of space 
syntax techniques to obtain a more comprehensive analysis of the park’s spatial properties, 
including the expected spatial behaviour of visitors. These mapping profiles are combined to 
produce an integrated approach, capable of identifying ideal circuits that lead the visitor to the 
main points of interest, as well as those paths that must be given priority in the implementation 
phase. Wandering, observing and mapping made it possible to understand and represent the 
different paths of the park and to define priorities for the formation of an access plan to be 
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applied to the Cultural Landscape of Sintra under the scope of the “Parques de Sintra Welcome 
Better” project.

The paper is divided into three parts. The first one addresses the challenges facing accessibility 
to heritage sites. Key aspects are reviewed in order to increase understanding of how both 
conservation and accessibility requirements can be assessed in a balanced and sustained 
manner. The next part describes the “Parques de Sintra Welcome Better” project, emphasising 
how it has improved physical accessibility conditions. The final part focuses on the case study 
of the Park of Monserrate. The site and its specific features are described and the procedures 
used to develop the mapping profile are explained, paying attention to the use of space syntax 
techniques. It is concluded that such techniques provide both a supporting rationale for making 
informed, defensible decisions and an analytical process for selecting appropriate accessibility 
actions. Space syntax does this by stimulating critical thinking and an in-depth discussion of a 
range of strategies that can help to reduce the range of uncertainty.

KEYWORDS

Cultural landscape; accessibility; space syntax; decision-making tool

1. INTRODUCTION 

Access to culture is recognised as an individual right (UN General Assembly, 1948) and should 
not be limited by a lack of accessibility to physical spaces, information or communication. 
Accordingly, in considering that everyone has the right of access to cultural sites, the European 
Commission has prioritised the inclusion of a wide range of people in all stages of life, with 
extended accessibility needs including people with disabilities accompanied by friends or 
family; families with young children; people with temporary or longstanding health problems; 
pregnant women, elderly people and overweight people, and has introduced various plans of 
action that enable such people to gain access to cultural heritage sites, as well as to knowledge 
and leisure. 

Improving accessibility to cultural heritage sites offers both direct and indirect benefits to the 
whole community. Besides sending out the message that an engagement with culture, and 
in particular with the cultural heritage, is highly valued, it helps to conduct a more efficient 
allocation of resources in the heritage sector, while also promoting equal opportunities in 
the broadest sense, with positive impacts on community well-being, the sense of place, and 
therefore social sustainability (Council of Europe, 2005).

But to what extent is it possible to find a balance between a restrictive view about the protection 
and preservation of cultural heritage sites and the need for free access for all types of visitors, 
knowing that most historical sites were not built for people with special needs?

Professionals dealing with heritage sites are being increasingly challenged to fulfil a dual, and 
seemingly conflicting, mission: to protect and sustain natural and cultural heritage for future 
generations, while simultaneously providing high-quality and enjoyable experiences to all 
visitors, under conditions of autonomy, safety and non-discrimination. 

International cultural heritage charters and guideline documents have been published since the 
end of the nineteenth century with the main purpose of safeguarding heritage values in their 
natural and cultural settings and in their social context (ICOMOS, 1964; 1994, 1999). Over the 
course of the last two decades, the concept of “adaptive reuse”, which includes interventions 
made to the built heritage in order to adapt it to new conditions or functional and technical 
requirements, such as accessibility, has gained greater prominence under the scope of these 
documents, with the need being recognised to respond to an ever-changing social and economic 
context (ICOMOS 1999, 2008). 

A considerable number of general design guidelines governing physical accessibility to heritage 
sites have been produced under the scope of these documents. Their aim is to establish criteria 
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to ensure that accessibility improvements will not affect heritage values. In this sense, they 
tend to concentrate on the technical difficulties that are generated by working on heritage 
sites, being, in general, complaint-based, rather than proactive. 

Although it is not always possible to adapt a site according to the recommendations and 
technical standards suggested by heritage charters and guidelines, this does not mean that it is 
impossible to improve physical accessibility. 

The tendency to give design guidelines a performance-based approach should facilitate their 
application, while also taking into consideration the constraints imposed by preservation and 
conservation work, as well as the “geography of accessibility” and the consequences of territorial 
and mobility-related needs. Rather than adhering to rigid rules, a paradigm shift recognises 
that, while a complete set of accessible design solutions will not be possible for all heritage 
sites, it might be possible to respond to specific site features and contexts by defining a range of 
methodological and decision-making procedures that can be used to identify priorities, as well 
as defining strategies and technical solutions on a customised basis. This is a complex process 
that calls for unconventional responses. The challenge is to enhance accessibility through an 
adaptive project, thus encouraging creative responses not only from designers, but also from 
the cultural heritage sector, while, at the same time, reaching a compromise in the application 
of both cultural heritage guidelines and codes. 

Thus, it is argued that accessibility improvements are only justified when cultural, technical 
and economic-based criteria operate together in a balanced fashion. It would be pointless to 
improve physical accessibility if the intervention did not take into account the need for greater 
progress in terms of access to culture. Accessibility solutions must enable heritage sites to 
cater for both present and future needs. It is at this stage that ‘accessibility’, in its cultural/
architectural sense, can really be implemented. 

This paper provides an overview of the “Parques de Sintra Welcome Better” project. The project 
was implemented in Portugal in order to improve accessibility to Parques de Sintra, an area 
that was inscribed in the UNESCO World Heritage List in 1995, under the Cultural Landscape 
category. The purpose is to discuss the decision-making framework used in the course of the 
design process in order to identify and break down physical barriers to accessibility and thereby 
to facilitate the mobility of people with special needs without affecting the site’s heritage 
values. This decision-making process has involved identifying and prioritising problems and 
strategies to prevent unacceptable damage in terms of heritage values, selecting appropriate 
actions for implementation, and assessing whether the desired results are achieved. 

2. “PARQUES DE SINTRA WELCOME BETTER” PROJECT 

Parques de Sintra is a major tourist destination in the Lisbon region, receiving more than 2 
million visitors in 2016, and showing a consistent year-on-year increase. In particular, it presents 
a diversity of built and natural heritage, some of which is of great relevance in the area of 
Portuguese romantic architecture and landscape design. With a large variety of sites, each with 
its own individual features, the provision of accessibility does not lend itself to a standardised 
approach or solution and, as mentioned before, is potentially in conflict with the imperatives of 
preservation and conservation. 

According to Portuguese legislation, Listed Heritage Sites are considered to have exceptional 
conditions in terms of accessibility compliance. Physical transformations are not required if 
this implies damage to the site. Nevertheless, when a site is unable to fully comply with the 
national accessibility code, this does not mean that partial compliance may be disregarded. On 
the contrary, efforts must be made to ensure better accesses for as wide a range of visitors as 
possible. Moreover, it is necessary to assess the consequences of the lack of total compliance 
in terms of legal responsibilities and consequently to judge the effects of using various parts of 
the site. Limitations of use are an integral part of this process. 

The “Parques de Sintra Welcome Better” project was launched in 2013 with the main objective of 
removing barriers to access by intervening in three specific areas: buildings and infrastructures; 
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services; information and communication. The project was first tested in the form of a pilot 
phase implemented in the Park of Monserrate, and this was later replicated at the other two 
major sites of tourist attraction, namely the Park and Palace of Pena and the Moorish Castle. 

In order to allow physical transformations to be carried out without affecting heritage values, a 
specific two-stage methodology was adopted. 

The first stage – the General Diagnosis – sought to establish a platform to organise, record and 
deliver information about the existing accessibility constraints associated with Inclusive Design 
principles, about the site’s compliance with normative measures and about the level of historical 
importance and significance of elements inside the park.  This comprised a macro-analysis of 
the whole site and was developed through data triangulation, taking into account the following 
features: i) a preliminary accessibility assessment of the whole area of the Park of Monserrate 
(the accessibility audit), designed to identify the main constraints; ii) the identification of the 
points of interest and the main ‘conservation barriers’; and iii) a syntactic analysis of the global 
system of Monserrate’s footpaths. 

Data triangulation was used as a tool for making decisions beyond those of just regulatory 
compliance. The goal was to identify the decisions that needed to be taken, namely major 
improvements and the priorities for possible changes, as well as the remedial actions that were 
necessary to remove obstructions, alter them, avoid them, or provide reasonable alternative 
solutions. 

The second stage (the implementation plan) is a more action-focused document, developing 

the key actions at a greater level of detail and in a structured manner. It included the provision 
of: (1) safe, convenient and understandable access routes and walking trail routes, paying 
particular care and attention to changes in level, surface materials, drainage, protective guards, 

Figure 1 - Monserrate was inspired by the painter William Stockdale and the master gardener Francis Burt, but above 
all by the romantic spirit of Francis Cook (1817-1901), a wealthy English textile industrialist, who purchased the 
Monserrate estate in 1856. Built on the top of the hill, the ornately balustraded terrace around the palace has views 
over the park and the ocean in the distance. Image of Monserrate, 1828; Credits: PSML
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lighting and signage; (2) motorised vehicles and equipment designed to improve the mobility of 
visitors when, for conservation and preservation reasons, it is impossible to make any physical 
transformations or when general accessible aids like wheelchairs cannot be used;  (3) physical 
and virtual models and the equipment necessary to provide visitors with a greater awareness 
and understanding about those places that they cannot physically experience; (4) an outdoor 
garden plan and general information in large print to identify plants, explain different areas of 
interest and recommend walking trail routes to be followed by visitors with special needs, as 
well as to indicate areas with steep slopes and to provide other information about the site’s 
different features.

This stage therefore concentrated on defining access interventions and solutions and on 
monitoring and evaluation. Design interventions were outlined and detailed, as well as 
the targets and timeframes for carrying out works according to the priorities identified. 
Monitoring involved systematic tracking of the ways in which improvements affect visitors. 
Field observations, interviews and self-administered questionnaires were conducted in order to 
examine how visitors perceived the question of access and the barriers to the various features 
of the sites, and how they assessed the different solutions. This evaluation procedure measures 
whether progress is being made towards achieving key targets and objectives, while also 
identifying issues that require further attention.

3. PARK OF MONSERRATE 

Monserrate is located four kilometres from Sintra’s historic centre and thirty kilometres from 
Lisbon. The site covers an area of about 32 hectares and comprises a park and a palace. Most 
parts of the site have a hilly topography, which is gently to moderately rolling. Steep slopes of 
more than 6% are common, and nearly flat tableland is quite rare. The highest gradients are 
about 17-18% and represent a major barrier to mobility. 

Monserrate is representative of nineteenth-century eclecticism, and has often been described 
in various travel journals. Together with the Palace of Pena, it is recognised as one of the most 
important examples of Romantic architecture in Portugal. Lord Byron is said to have visited the 
palace and its grounds, and was inspired to write here.

Based upon the English landscape garden model, Monserrate differs from the baroque gardens 
that were favoured in Portugal at that time, being considered one of the most important English 
landscape gardens beyond the shores of the British Isles (Luckhurst, 2009). It is a park-like 
setting, characterised by sweeping vistas across rolling lawns, distant groves of trees, natural 
ponds and lakes, some discreetly placed Greek and Roman “ruins”, and a sense of pastoral 
peacefulness following the presence of carefully considered views of “natural curiosities”. 
Different scenic effects are offered along the paths that lead visitors through the park, with 
the sudden appearance of age-old araucarias and palm-trees, and tree ferns from Australia and 
New Zealand, as well as agaves and yuccas recreating a corner of Mexico. 

One of the most distinctive features of Monserrate is its complex network of paths and vistas, 
allowing visitors to choreograph their own experience of the park according to their particular 
interests and needs. Upon entering the park, visitors are presented with a few visual clues about 
which path to take and where the palace lies. The first part of the park is a shady forest garden 
planted on a steep slope. A system of winding paths leads visitors down the side of the hill, 
steadily revealing views over the canopies of the trees and shrubs below, with the interplay of 
natural and formal elements being evident throughout. As visitors make their way through the 
park, the palace remains a central and eye-catching visual feature, repeatedly emerging from 
multiple perspectives along the steeply sloped, densely vegetated, circuitous paths. The major 
barriers to accessibility are high slopes and physical obstacles such as steps. 

3.1 GENERAL DIAGNOSIS

The general diagnosis represented the start of a critical phase in the process of improving 
accessibility. Consequently it should be seen as a flexible group of decisions and actions 
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implemented with the aim of achieving key targets and objectives. It contemplated the design 
of a three-layer prototype mapping profile to structure information and to provide a spatial 
framework within which accessibility conditions could be compared and monitored. 

The aim is to provide a simple way of exploring accessibility constraints, prioritising areas of 
intervention and communicating with key stakeholders. 

The first mapping profile was intended to provide a general picture of existing accessibility 
conditions within the park by identifying opportunities and constraints. 

Paths were identified and assessed according to their walking routes, including their arrival and 
departure points, their size and the type of barriers that they presented.

The identification of these barriers with different colours allowed for an immediate understanding 
of the predominant ones. Green dots correspond to high slopes or pavements in need of repair 
and/or conservation, while blue dots identify physical barriers such as the presence of steps or 
narrow passages, which usually cannot be overcome. Red dots identify the absence of resting 
points or accessible toilets. 

The spatial distribution of all these barriers and impediments enables us to categorise paths in 

terms of their accessibility and to understand their potential for improvement.

The analysis highlighted the existence of three main paths starting from the entrance point 
(identified 1 to 3, in black, in the previous map) which do not lead visitors directly to the main 
points of interest and facilities. 

Path 1 leads directly to Beckford’s waterfall and offers privileged access to the Fern Valley, the 
Chapel and the ornamental lakes. It has several flights of steps, which are extremely narrow and 
have handrails (marked with dots in different shades of blue), constituting an inaccessible path 

Figure 2 - Mapping profile of accessibility constraints in Monserrate
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with constraints that cannot be overcome at the present moment;

Path 2 offers a more direct access to the Palace and the service area, although the presence of 
steps along the way, at a spot where physical transformations are not possible, makes this path 
inaccessible. Furthermore, it is not a priority path at the present moment;

Path 3 constitutes a priority path to the Palace. It is marked only with green and red dots, since 
it does not include any steps and has suitable dimensions. 

From the Palace to the main gardens, two paths are evident, identified with 1 and 2, in orange. 
Path 1 has a series of steps along the way.  Path 2 has steep slopes, as well as degraded 
pavements in some sections.

The combination of Path 3 (in black) and Path 1 (in orange) constitutes a priority path to be 
targeted with access improvements (grey line), since it represents the most suitable route to 
be followed by visitors, connecting the entrance to the gardens, and is the path that makes it 
possible to reach most destinations without any significant barriers. 

The second mapping profile explored the significance levels of points of interest within the 
park, in order to indicate which ones constitute priorities in the attraction of visitors: 1) Main 
points of historic interest – the Palace of Monserrate, the lawn in front of the Palace, the Rose 
Garden, the Mexican Garden, and the Fern Valley; 2) Secondary points of historic interest – the 

ornamental lakes, the Chapel, Beckford’s Waterfall, and the Boulder House; 3) main facilities for 
visitors – entrance and ticket office, the toilets, the cafeteria, and the shop.

The Rose Garden, the Mexican Garden and the lawn are accessible via the same path (black 

Figure 3 - Main points of historic, aesthetic and cultural interest. The Rose Garden, the Mexican Garden and the Fern 
Valley have exotic botanical elements from all around the world. The lawn was the first example of a planted lawn 
in Portugal
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line). All of them can be reached from the Palace. The ornamental lakes, a secondary point of 
historic interest, are also accessible via the same system of paths. The potential of this path is 
highlighted, as it connects five points of particular interest. 

These two mapping profiles were combined to form an integrated approach, which makes it 
possible to identify ideal circuits taking visitors to the main points of interest, including those 
paths which should be given priority in the implementation phase.

A preliminary assessment of the priority paths is identified in Figure 4. The green path includes 
some barriers that can be overcome with assistive devices or slight physical transformations, 
such as repairs and/or conservation works. It connects six points of historic interest (the Boulder 
House, the Palace of Monserrate, the Lawn, the Rose Garden, the Mexican Garden and the 
Ornamental Lakes), as well as the Cafeteria, the Shop and the toilets.

As was mentioned previously, Monserrate is inscribed as a cultural landscape in the UNESCO 
Listed Heritage Sites with a particular set of physical characteristics and a high level of cultural 
significance, which must be preserved. To obtain a more comprehensive analysis of the spatial 
properties of the park, including the changing vistas experienced by visitors, as well as their 
expected spatial behaviour, a third mapping profile was introduced as part of the decision-
making tool, making use of space syntax descriptive techniques. The possibility of differentiating 
the paths according to their capacity for leading visitors to main points of interest also justified 
the use of space syntax techniques.

A syntactic description of Monserrate was made using axial mapping techniques – axial maps 
and segment maps – showing the paths within the park and their internal relationship. The park 
is considered as a system, because of its morphological configuration, which is fully encircled 
by walls. As such, despite the occurrence of an edge effect, the map still constitutes a fair 
representation of the reality of the park.

Figure 4 - Preliminary path that constitute a priority to the implementation of better access conditions
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The axial description considered the overall circulation system and four variables, namely 
integration, normalised angular integration, choice and normalised angular choice. The 
integration analysis made it possible to measure the ease of access from other paths in 
Monserrate’s overall system, as well as to understand whether improvements are being made 
to a path that has the potential to be a major destination for visitors to the park. The choice 
analysis made it possible to assess the likelihood of a path being followed by visitors making 
their way around the park, as well as its importance in their decision-making about movement. 
The choice of path identifies the focal points of the system. If there are two or more options for 
accessing a point of interest, the choice value reveals which one will most likely be used for this 
purpose. The normalised variables make it easier to compare the configurations of different 
paths at different locations inside the park, as well as to compare Monserrate with other sites 
run by Parques de Sintra in a subsequent phase.

Axial and segment maps were drawn using QGIS software (QGIS Development Team, 2016) 
and analysed with Space Syntax Toolkit (Gil, 2015) over a layer of cartography, considering both 
formal and informal paths. For this analysis, all constraints and barriers were included, since the 
information obtained from the syntactic analysis was compared and cross-checked with other 
data sources, namely those illustrating the existing constraints to access and those referring to 
the places with greater levels of interest for visitors, being preferred for their historic or cultural 
values, or for the functions and services that they offer. 

 The Monserrate syntactic model shows that the highest integration values correspond to the 
paths leading to the Palace, which, with the highest value of 0.5685, represents the core of the 
system, as can be seen in the following figure. These paths converge together in front of the 
balustraded terrace around the palace and then lead to the northern entrance to the park. It 
is also significant to note that the closed entrances are not directly linked to these paths. The 
integration results suggest that the middle of the park is the most integrated area, which means 
that the middle part is more topologically accessible in comparison to other parts, and that they 
are therefore easier to access from other parts of the garden. Around the middle area of the 
park, there are various “natural curiosities” to be discovered. The paths with lower integration 

Figure 5 - Integration values for Monserrate
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values include the entrance and the area close to the Mexican Garden with values of 0.2641 and 
0.2946 respectively. While their sinuous configuration requires successive changes in direction, 
they enhance the visitors’ experience of the park with the desired “sense of discovery”.

Moreover, the integration analysis shows a direct relationship between visibility conditions and 
integration values. The occurrences with greatest visual impact are close to, or embedded in, 
the more integrated paths. These are incorporated into the main circulation routes, in contrast 
to those paths with lower integration values and lower visibility. Among the main circulation 
spaces, both edges – the main entrance and the Mexican Garden – appear as relatively 
segregated spaces, since they are not visible from the adjacent areas. The segregation of the 
main entrance takes on particular importance here since the results obtained are consistent 
with the clear difficulty in returning to the entrance after finishing the visit to the palace and 
park. This reflects the implications of an enclosed park surrounded by walls, which produces a 
clear break in the physical and visual continuity of many paths.

For a better understanding of the potential of those paths with the highest integration values, 
there is a need to cross-check the data thus obtained with those relating to accessibility 

constraints. These data are shown in the following figure, which reveals another opportunity 
(identified with a circle in Figure 6) offered by the path leading to the Chapel. This path combines 
high integration values with accessibility barriers that can potentially be overcome (high slopes 
and a pavement requiring repair work). 

As far as the choice analysis is concerned, the results highlight the importance of the paths 
leading to the palace and those encircling it on the eastern side. The analysis (Figure 07) indicates 
that there is clearly one main path identified by connecting the high-choice intersections. This 
path runs from the north-west to the south-east of the park. The result suggests that this is 
the main path that visitors are likely to follow. The main attractions are accessible from this 
path. Furthermore the palace stands at the end of this path, providing an important point of 
reference to draw visitors along the path.

Additionally the syntactic analysis shows a relatively low intelligibility, suggesting that, in 

Figure 6 - Cross-check data from Access Constraints analysis and Integration values
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Monserrate, visitors find it difficult to understand the space as a whole. However, at a more 
local level, the network of high-choice positions suggests that the garden is more intelligible 
as a collection of small-scale interconnected subsystems. It might be assumed that practical 
navigation (mental map reading) within the park would occur at a local scale rather than in 
relation to the whole system. This supports the underlying principle for the design of the 
English landscape garden model where the main attractions and the carefully considered views 
of “natural curiosities” are “hidden from sight” so as to offer visitors a “surprise”. These findings 
may also be interpreted as indicating that the organisation of this park-like setting is more 
easily understood in terms of intersections rather than pathways. 

The normalised variables – angular choice (NACH) and angular integration (NAIN) – measured 
through the analysis of the segment map, were expected to show more refined data for organic 
structures such as Monserrate (Hillier, 2012; Medeiros et al, 2007) Consequently, they provide 
better information for comparison purposes, which is more useful for creating a successful 
decision-making tool.

The potential of the path leading to the chapel is reinforced by the NAIN analysis. 

When considering the normalised angular choice, the following analysis was used to clarify 
the analysis of the choice through the normalisation of its angular measure, presenting a more 
refined analysis. 

According to Hillier et al (2012) the maximum NACH value for small systems is normally around 
1.4, sometimes reaching values of 1.5 and 1.6. The results emphasised in the next map show a 
greater diversification of values. The higher values include the already mentioned areas leading 
to, and encircling, the palace. However, the maximum NACH value obtained is 1.3771, which is 
lower than the reference values, but which can be justified by the size of the map. 

After comparing the two layers of the mapping profile, it was possible to conclude which paths 
offered real potential for implementing accessibility interventions and which paths were not a 
priority.

Figure 7 - Choice values
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Path 1, which presents high values of normalised angular choice, is likely to have a high flow 
of pedestrians. However, due to the fact that it contains a series of physical barriers (such as 
steps), it is not considered a priority path for possible improvements; 

The central node, towards which most paths converge, presents the highest values of integration 
and choice, in both axial and segment map analysis. It is an integral part of the path defined as a 
priority (Figure 04) because it presents better opportunities for improvement;

The route to the Rose Garden also presents high values of normalised angular choice, also 
forming part of the priority path;

The path leading to the chapel and the Ornamental Lakes shows great potential, both in terms 
of its NACH and NAIN values. However, due to the existence of flights of steps, it should only be 
considered as a potential priority as far as the chapel itself, after which it becomes inaccessible.

Space syntax techniques and the analysis of integration, choice and NACH and NAIN variables 
made it possible to identify other paths which may constitute priorities for intervention, within 
the general diagnosis. As shown in Figure 10, after cross-checking the normalised angular 
variables with the physical barriers, crucial information was gained, which underlined the paths 
that should be integrated into the implementation phase of the “Parques de Sintra Welcome 
Better” project. Data triangulation was used to identify priorities when considering the 
adaptation of paths within the Park of Monserrate. In defining the strategy of implementation 
for the “Parques de Sintra Welcome Better” project, the diagnostic phase made it possible to 
identify the needs of access and conservation and the expected impact of the improvements.  

Figure 8 - Normalized angular integration values
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4. CONCLUSIONS - INCLUDING SPACE SYNTAX IN DECISION-MAKING TOOLS AND 
THE GEOGRAPHY OF ACCESSIBILITY

Accessibility interventions at cultural landscape sites are often viewed as experiments involving 
value judgments, and the Monserrate case study is no exception. Heritage experts and decision-
makers are left with the difficulty of deciding how much accessibility is appropriate, what kinds 
of actions are acceptable, and how visitor use is to be managed. The ability to predict the 
consequences of these actions and in particular their negative impacts on the heritage site is 
limited because there is a great deal of uncertainty about how visitors interact with natural and 
cultural resources. Thus, the choice of appropriate decision-making tools is critical.

This paper outlines a decision-making tool based on a three-layer mapping profile that helps 
to assess the geography of accessibility in cultural landscapes, while also identifying and 
interpreting problems related to accessibility constraints and the possible options for solving 
them. 

The geography of accessibility in the particular context of cultural landscapes is typically 
assessed through the use of qualitative surveys and perspectives focusing on historical records, 
individual experiences, narratives and interpretations. Providing a non-arbitrary descriptive 
tool combined with qualitative assessment procedures to be followed over the course of the 
design process offers a tangible resource (mapping profile) that can be incorporated and used 
formally or informally in the design of the access plan. Moreover, it makes it possible to take 
advantage of local knowledge of the project site, fostering a greater understanding of project 
challenges and opportunities and thus guaranteeing the coherence of actions.

Assuming that the spatial layout of Monserrate influences visitors’ experiences (Hillier, 1994), 
space syntax tools were used to interpret the park’s spatial properties and the visitors’ intuitive 
engagement with it (Hillier & Vaughan, 2007). This made it possible to recognise and categorise 
priorities that support the integration of accessibility strategies and actions, i.e. to provide: i) a 
supporting rationale for making informed, defensible decisions; and ii) an analytical process for 

Figure 9 - Cross-Check data from Access Constraints analysis and normalized angular choice
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selecting appropriate accessibility actions. It does this by stimulating critical thinking and an in-
depth discussion of a range of strategies that can help to reduce uncertainty. Moreover, space 
syntax offers interpretable quantitative results, and visually appealing maps, which facilitate 
communication between stakeholders and decision-makers.

Although the results of this research are necessarily limited, as only one single case is examined, 
this framework is now being applied to a larger sample, which will help to develop a more robust 
set of results.

Figure 10 - Green paths correspond to priority actions; red paths correspond to paths not considered as priorities, 
either because they do not lead visitors to the main points of interest or because of access constraints; blue paths 
correspond to paths that were identified after the space syntax analysis had been carried out and which should be 
included in the implementation phase.



Proceedings of the 11th Space Syntax Symposium

133.15WANDERING, OBSERVING AND MAPPING. 
Understanding the “geography of accessibility” in the cultural landscape of Sintra 

REFERENCES

Buhalis, D., Michopoulou, E., Eichhorn, V. and Miller, G. (2005), Accessibility market and stakeholder analysis – one 
stop-shop for accessible tourism in Europe (OSSATE). Guildford: University of Surrey.

Council of Europe (1975), European Charter of the Architectural Heritage. Strasbourg: The Council of Europe.

Council of Europe (2005), The Framework Convention on the Value of Cultural Heritage for Society (Faro, Convention, 
2005), Faro, 27.X.2005. Strasbourg: Council of Europe Treaty Series.

European Commission (2002), Improving information on accessible tourism for disabled people. Luxembourg: Office 
for Official Publications of the European Communities.

Hillier B. and Vaughan L. (2007), “The city as one thing”. Progress in Planning, 67(3): 205-230.

ICOMOS (1964), International Charter for the Conservation and Restoration of Monuments and Sites (the Venice 
Charter), 2nd International Congress of Architects and Technicians of Historic Monuments, Venice.

ICOMOS (1999), The Burra Charter. The Australia ICOMOS Charter for Places of Cultural Significance. Melbourne: 
Australia.

ICOMOS (2000), The Charter of Krakow – Principles for Conservation and Restoration of Built Heritage. Krakow: 
Bureau Krakow 2000

ICOMOS (2003), Principles for the analysis, conservation and structural restoration of Architectural Heritage. 
Zimbabwe.

ICOMOS (2007), Charter for the Interpretation and Presentation of Cultural Heritage Sites (ENAME Charter). Final 
Draft, Quebec.

ICOMOS (2014), Florence Declaration on Heritage and Landscape as Human Values. 3rd UNESCO World Forum on 
Culture and Cultural Industries – “Culture, Creativity and Sustaining Development, Research, Innovation and 
Opportunities”. Florence.

Pegg, S. and Stumbo, N. (2008), “Creating opportunities and ensuring access to desirable heritage and cultural tourist 
services and leisure experiences”, in Prideaux, B., Timothy, D. J. and Chon, K. (eds.), Cultural and Heritage 
Tourism in Asia and the Pacific (pp. 250-256). New York, USA: Routledge.

UN General Assembly, Universal Declaration of Human Rights, 10 December 1948, 217 A (III), available at: http://
www.refworld.org/docid/3ae6b3712c.html [accessed on 7 December 2015].

UNESCO (2013),  UNESCO  Global Report: Opening New Avenues for Empowerment – ICTs to Access Information 
and Knowledge for Persons with Disabilities. Paris.

Yates, K. (2007), “Understanding the experiences of mobility-disabled tourists”. International Journal of Tourism 
Policy, 1 (2): 153-166.



Proceedings of the 11th Space Syntax Symposium

134.1THE CONFIGURATIVE KNOWLEDGE OF ARCHITECTURE: 
From childhood to adulthood uncovered by the space syntax analyses

#134
THE CONFIGURATIVE KNOWLEDGE OF ARCHITECTURE: 
From childhood to adulthood uncovered by the space syntax analyses

JOSEP MUNTAÑOLA
Universitat Politècnica de Catalunya, Barcelona, Spain
jose.muntanola@upc.edu

MAGDA SAURA
Universitat Politècnica de Catalunya, Barcelona, Spain
magdalena.saura@upc.edu

SERGI MÉNDEZ
Universitat Politècnica de Catalunya, Barcelona, Spain
smndz84@gmail.com

JÚLIA BELTRAN
Universitat Politècnica de Catalunya, Barcelona, Spain
julsbel@gmail.com

J. NATHAN MARTÍNEZ
Universitat Politècnica de Catalunya, Barcelona, Spain

S. C. MOLARINHO MARQUES
Universitat Politècnica de Catalunya, Barcelona, Spain

ABSTRACT

We have applied space syntax analyses in order to uncover the configurative architectural 
knowledge into two different, however complementary, scenarios. One scenario, the children 
constructions of city models with wooden blocks, from 5 to 9 years of age, and in teams of 
six children, three boys and three girls. The studies show a lot of differences in relation to 
school, family background and social qualities of places where children live. However, the main 
differences come from the dialogical qualities of the social interactions among all these factors, 
and we think that the space syntax analyses are able of measuring these dialogical qualities.

The second scenario is urban history scenario in medieval villages in Catalonia and we have 
analysed thousands of them, and they are deposited in the Catalan National Archive of 
Catalonia. We use the space syntax analyses to uncover the knowledge of the generation of the 
urban structures, even if the meaning of them in history has been lost. The forms by themselves 
can show a lot of information invisible for the users of today. 

In this paper we will focus our attention into the first of these scenarios: The one related with 
architectural cognition and with architectural education in childhood. As Bill Hillier has stated: 
The configurative knowledge of architecture and planning is embedded into building and 
urban forms in a “generative way”, so we will analyse how this generative and configurative 
knowledge develops in children.
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1. INTRODUCTION

The configurative knowledge of architecture is studied through space syntax. Bill Hillier defined 
in his seminal book: Space is the Machine (Hillier B. 1996) the specific configurative qualities 
of architecture and the ways these qualities can be used in the architectural and urban design 
theories and practices.

Moreover, Professor Bill Hillier in his text about “The Art of Place and the Science of Space” 
(Hillier B. 2005) insisted upon a spatial quality of space itself that has eluded clear analysis until 
now. On the one hand, he insisted upon the consideration of urban grids as historical records 
of a city creative process driven by human activity. Second, space can be used in a generative 
manner or in a conservative one, to create or to support co-presence throughout movement, 
to various degrees. In public places often we maximize local and global integration to maximize 
movement and co-presence, but in residential spaces, according to culture, we restrict and 
modulate movement and co-presence. So the relation between space and activity is not direct 
but “generic”. The old patterns and new patterns of activities fit well in the same physical forms 
because space reflects the generic relationships between activities that need co-presence 
and activities that do not need them and, in this way,  it not reflects the relationships among 
activities in themselves. So, the configuration of space plays an intermediate role between 
physical forms and human activities. Then, the self-organization of cities is a positive power for 
the new innovative designs, instead to be a force to be defeat and, “consequently”, design can 
be a science and an art simultaneously.

Even though the use of space syntax expands around the world very fast, the understanding of 
their theoretical and practical powers are still unknown. The late work by Paul Ricoeur (Ricoeur 
P. 2003) reaffirmed this configurative dimension of the built environments that, according 
to him, configures the human space in a similar way that writers do in literary texts. This link 
between the verbal written text and architectural design was brilliantly described by Professor 
Michael Holquist in a lecture in Barcelona in 2015 (Holquist M. 2015).

Both, in architectural design and in literary works, the basic textual configurations are made 
by two basic structural frames. One between View Points or Displacements in the space-
time related to our cosmic environment in general, and another are the Voices, or subjects 
recognized and presented in the text. Paul Ricoeur takes these two basic structures from the 
known dialogical theories by Mikhail Bakhtin (Bakhtin, M. 1990). A clear difference between 
written texts and architectural design is related to the subjects or voices. In literature we have 
the author, the subjects, that is, the implicit authors included in the argument or script, and 
the readers confronted with the configurative text. In architecture, we have authors and users 
or, according to Bakhtin: The Potential Users, the virtual potential society, defined by Hillier. 
Since users are the readers of the configurative architectural text according to Ricoeur, in 
architecture and in the city life, the users are both, protagonists of the text and readers of the 
text, in some way similar to a verbal dialogue, where we are at the same time speakers and 
listeners; this is the basic origin of human communication. As late professor Pierre Kaufmann 
indicated, architecture organizes a “vis a vis” cultural communication, and it is a code for these 
“vis a vis” educative encounters too. That is, architecture organizes the co-presence and the 
best movements as defined by Hillier (Kaufmann P. 1995).

We will show some examples of these “vis a vis” encounters extracted from architectural 
children education. In this paper, we will just intend to confirm the chronotopic dimensions of 
the configurative knowledge of architecture and planning, according to their dialogical socio-
physical dimensions.
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2. THE COGNITIVE DEVELOPMENT OF THE CONFIGURATIVE KNOWLEDGE OF 
ARCHITECTURE IN CHILDHOOD

During forty years we have studied the way children built models of cities with dolls and wooden 
blocks (Muntañola J. 1973). We present here just some examples of city models built by three 
boys and three girls altogether, the process of socio-physical construction of the city models is 
analysed by different computer tools such as space syntax analysis and the Elan software. What 
we want to insist here is that the relationships between the physical forms and the functions and 
co-presences designed on them by children, follows the configurative knowledge announced. 
So, the configurative knowledge of architecture is not arbitrarily generated or produced by 
chance, it follows the cultural and educative social rules transmitted by the school and the 
families to the children, with an special role of some activities such as theater, group musical 
events, social parties events etc. The “virtual potential society”, defined by Hillier, is made of 
cultural shared values and costumes, or of the absence of them, and each city built process is a 
social co-presence construction as much as a physical material construction. (Muntañola J. et 
al, 2016. Muntañola J. et al, 2012)

The methodology has been carried out in different countries (Muntañola, 2007). We present here 
two examples of children’s conceptions of places to live in (figures 2 and 3) recently recorded 
from two different schools in Barcelona. The whole research analyzed six schools and in each 
school three different groups of children from 6 to 9 years of age were asked to participate. 
Each group gathers from 4 to 6 children, half boys, half girls. They are asked to build a city with 
a wooden block game without any other order. The VIDEOS last approximately thirty minutes, 
and include preparation, construction and verbal explanation of the model of city.

The findings were analyzed with a qualitative analytical tool for audiovisual data, ELANÒ, a 
software developed by the Max Planck Institute for Psycholinguistics, for gesture and small-
scale interactions. Systematic audiovisual analysis needs a strong model or codification to 
start with, in order not to get lost with the data. Our units of analysis were labelled Activity 
Recurrent Episodes (or ARE) [activity occurrences that are judged to be significant happening 
in the learning context and that are delimited by a change in theme (Barab, Hay & Yamagata-
Lynch (2001): p. 66).  Through the classification of (or ARE), we traced the directive interactions 
between the children when constructing the city.  We looked at the type of interaction (unisex or 
mixed), the modalities of communication involved (speech, touch, gesture, gaze, movement), 
and the moments for joint action, when the children moved blocks and planned the ideal city 
collaboratively. In figure 1 we see two snapshots of two sampled schools, both private schools 
located in Barcelona. The children came from Upper-Middle Class urban families, so they had 
a similar social background, We coded and analyzed in depth two representative schools of 
the overall sample (6 schools in Barcelona) dividing them into 2 different categories, A and B, 
depending on their resulting cities, monological or dialogical (see figures 2 and 3).

Our descriptive analysis of the interaction differences between the two types of schools is 
summarized in tables 1 and 2. 

Figure 1 - A snapshot from the ELANÒ software for qualitative analysis
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Comparing schools A and B, we see how the main type of interaction by gender varies: in the 
first schools, interaction takes place mainly among girls, with a 43,5% of all interactions, closely 
followed by girl-boy collaboration in a 42,6%, and a residual exclusive boys collaboration, 14%. 
In the second schools, the main collaboration is mixed, with almost a 70%, with a low 17% girls 
collaboration second, and a similar residual masculine collaboration as in school A, around 13%. 
From here we see how the interactions in schools like type B, the boy-girl interaction dominated. 
Taking into account that all groups where composed by 3 girls and 3 boys, it is apparent that 
school B types displayed closer transgender interactions, as a group, which also shows in figure 
5. The children from the type B school pose as a group next to their city, while in school A each 
kid stands next to his or her individual construction. Nevertheless, in both cases some common 

identification was expressed since the participants created a name for the city that integrated 
all the group components.  

If we look into the modalities of collaboration by gender, in table 2, we see how the distribution 
of modalities also varies by type of school. Both groups of girls’ interactions have building 
as the main interaction. However, while in schools B it represents a 76,6% of the total girls’ 
interactions, in schools A this percentage goes down to 55,6%, while 21,6% goes to passing 
around the blocks necessary for individual construction, which represents a lower level of 
coordinated actions. The second most common interaction is planning further actions, which 
implies common negotiation of what ought to be built, how, and where. The percentages are 
22’6% of all girls’ interactions for schools A, and 26% for schools B, so higher for the second 
type. So in all schools the girls’ interactions show a high level of joint action at the imagination 
level (coordinating intentions to decide what will be built next), with a lower involvement in 

Collaboration
Modalities (in %)

School A School B

Girls_
Collab

Boys_
Collab

Mixed_
Collab

Girls_
Collab

Boys_
Collab

Mixed_
Collab

Planning Action 22.6 0.0 26.9 26.6 0.0 35.4

Building 55.6 0.0 27.0 73.6 100.0 44.6

Passing Blocks 21.1 94.7 33.7 0.0 0.0 20.0

Question 0.7 0.0 5.6 0.0 0.0 0.o

Comments 0.0 5.3 6.8 0.0 0.0 0.0

Total Duration 100.0 100.0 100.0 100.0 100.0 100.0

Table 2 - Distribution of collaboration modalities by type, gender and school. 

Interactive 
Activity

School A School B

Duration
(in seconds)

% Total
Duration

Duration
(in seconds)

% Total
Duration

Collab_girls 789.6 43.5 102.7 17.4

Collab_boys 253.2 13.9 76.1 12.9

Collab_mix 772.9 42.6 411.3 69.7

Total Duration 1815.7 100 590.1 100

Table 1 - Distribution of children interactions by gender and school.
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actual building and higher involvement in the preliminary and secondary coordinated actions 
of passing around the building blocks in school A. 

The large difference comes in the boys collaboration group, which is the less collaborative 
groups, as shown in table 1. In school A, 95% of the interactions amounts to the peripheral 
activity of distributing blocks, while 5% amounts to comments related to complaints, critical 
comments and emotional interjections about the others’ behavior. In school B, 100% of the 
boys’ interactions amounts to building, which indicates a higher level of interaction than the 
other school. Interestingly, in none of the schools there is  an exclusive masculine interaction 
directed to planning. 

Finally, in the third group of interactions, which are those that cross gender boundaries and 
that we consider as indicators of higher interaction levels of and distribution of cognition, 
we see important differences. In school A the main type of interaction is passing blocks, that 
we classified as lower-level and less central type of collaboration, with 33,7% of total girl-boy 
interactions. In contrast, in school B the main interaction is building, with a clear 44,6%. So not 
only the collaboration boy-girl is higher in school B than in school A (69,7% for Ba nd 42,6% for 
A), but also in school B this collaboration seems to involve the central process, the building. 
Accordingly, the planning activity, which is also key to the building process as it involves the 
joint formulation of desires and decision-making, is more represented in school B (35,4%) 
than in school A (26,9%). Finally, while in school B comments and questions are not recorded 
as a single type of interaction (they do occur simultaneously to other types, such as building 
or planning), in school B we find an approximate 12% of verbal interactions that consist in 
questions about the identity or function of a construction built by an individual child, which can 
evolve in a suggestion of change of function or a negotiation of its physical location.
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Figure 2 - Model of a dialogical city: physical, social and Space Syntax analysis

Figure 3 - Model of monological city: physical, social and Space Syntax analysis
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Figures 2 and 3 show different types of cities built by groups of children from two different 
schools. The differences in types of cities come from the type of interaction that each school 
establishes in the social life of the school.

In the monological cities (Figure 3), each child built his or her own city, disregarding the cities 
built by others. There are not public places and space syntax analyses shows that the red spaces 
are out of the cities in empty places. In these schools children do not have theater, social 
celebrations or social events as essential components of their curriculums. Their parents are nor 
related to the school life in a relevant way, and often they do not share the same spatial values 
and meanings. The space syntax analyses in Figure 3 show the same lack of social interaction 
among children architects of the monological city, since red colors means the maximum of 
interaction and blue colors no interaction.

In the dialogical schools (Figure 2), cities represent the co-presence and the movements in the 
human space and time “shared” by children themselves. In these schools, theatre, music and 
social events and celebrations are essential in the curriculum and the participation of parents is 
crucial. Family environments and school environments share spatial values and social meanings. 
Then space syntax analysis represent the configurative interaction inside the physical form with 
the maximum red color just in the center of the city.

So the total lack of co-presence in the monological cities produce necessarily fragmented 
cities without public spaces and with poor social encounters. On the contrary, in the dialogical 
cities the co-presence and the movements that they allow are allowed by the configurative 
knowledge embedded on the city models. The geometry of the models is also an indication of 
the chronotopic specificities of each city and this can be analysed at a micro genetic level (figure 
4).

Figure 4b is a group of children that build a monological city. They do not look to each other, 
each child is alone and close to the building he has built. Figure 4a shows a dialogical city, and 
children gather as close as the city gathers itself. 

In conclusion, these findings points towards an interesting correspondence between the type 
of social interaction among children and the resulting city that is effectively constructed. Table 
3 and 4 explain this correspondence.

In spite of the concrete quality of this research focused on class activity in schools, the outputs 
explained in Table 4 go beyond any pedagogical consideration. The correlation between social 
intersubjective relationships and physical spatial and temporal object forms is extremely 
powerful, investing architectural design and planning with strong socio-physical significance 
and an ethical dimension.     

Figure 4A Figure 4B
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Table 4 - Socio-physical dialogical structures between subjects 
and objects in monological or dialogical cities

In this sense, architecture is made of socio-physical coexistence.  One of the outputs of this 
research has been the key indicators included by UNICEF in 2009 in the environmental 
evaluation of child friendly cities (Aranda and Muntañola 2009).  Presented in table 5, they are 
a good example of these specific qualities of architectural research too. Extremely different 
dimensions of human life are necessarily tied together in the children’s use of real cities. The life 
of children is affected by the combination of all these indicators. We have uncovered in this way 
a nice example of the interrelation announced by Aristotle between education, urban policies 
and architecture of our cities.

Further studies are uncovering new methods and analyses. As the figure 5 shows, we can 
measure micro genetically the built process with digital tools and ethno methodological 
surveys. These diagrams analyses the city model constructed by a set of three boys and three 
girls seven-eight years old. In these diagrams, first of all, the interaction between objects and 
subjects is measured according the kind of social interaction: If it is between girls, between boys 
or mixed, if is completed or not and the number of children in interaction, and so on. The second 
dimension shows the different meanings of the forms in relation their social significances, that 
is, the names of real places and the attachment of children to them. Finally there is a cognitive 
analysis of the city model in relation to the classical cognitive structure defined by Kevin Lynch, 
that is, the nodes, the itineraries and the open public urban places, looking at a formal abstract 
analysis of the physical form. However we are still working on that direction.

Monological City “A” Monological City “B”

Number of Different Elements 10 60

Parent Participation in School Does not exist High participation

Organized Visits and 
Celebrations

Does not exist Many

Theatre Does not exist Very important

Table 3 - Cultural dialogical differences in children’s conceptions of cities in relation to the curriculums of the schools 
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Table 5 - Ten indicators of urban quality for the assessment of child friendly cities (UNICEF 2010).

Indicator Definition Limits & Actions

l-1 
Noise levels

Noise as harmful for children.
Noise Measure Limitation: if it 
impedes human conversation 

(40 Db)

l-2 
Pollution

Pollution of air, water, earth and 
materials within a populated 

area.

Normal environmental controls, 
e.g. prohibition of asbestos, 
arsenic, polluted water, etc.

l-3 
Electromagnetic Radiation

Harmfull installation of aerials, 
high-voltage lines, etc.

Min. Distances: High voltage: 
Aerials: 200m.

l-4 
Safe playgrounds

Playgrounds near residential 
areas.

Max. Distances sq.m. per 
dwelling Max. Size

l-5 
Safe routes between main 

community areas

The importance of daily routes 
for the community.

Max. 15mins. on foot or 2 
Km, or well-planned school 

transportation.

l-6 
The school as a dynamic center 

Schools are open to the 
community as a social agents.

List of major activities at, or 
around schools.

l-7 
Public facilities for all age groups 

adapted and supervides for 
children’s use

Promoting the use of facilities 
by different age groups.

Public facilities within walking 
distance.

l-8 
Child-friendly public services

Adaptation of services for all 
age groups.

Facilities for the youngest age 
groups, adequate supervision, 
information/communication.

l-9 
Adequate privacy at home and 

in community

To ensure privacy as child 
grows, in accordance with each 

age needs.

From 7 y. of a: privacy at home; 
from 12 y. of a: privacy in quiet 

spaces and in public areas.

l-10 
Juxtaposition of built areas and 

the countryside

To ensure optimum spacing 
between built-up areas and 

countryside.

Min. distances to wooded areas 
or non-asphalted areas. Normal 

Easy? access to countryside.
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Figure 5 - Modelling the design process of a children ideal city
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4. CONCLUSIONS: THE FUTURE OF ARCHITECTURE AND OF THE SOCIAL SPATIAL 
COGNITION

We arrive then to the conclusion, in relation with the children configurative spatial cognition 
that, in real city life, we link creative and conservative chronotopes by mixing scientific, artistic 
and political human dimensions, and that the space syntax analyses, and other digital tools, 
can help our understanding of the feedback between physical forms and human activities in a 
generative way, looking at an equilibrium between real and virtual dimensions of the human 
experiences. 

So, new architectural urban design processes can be generated by a feed-back between virtual 
computer abstractions and representations and empirical analysis of historical urban forms and 
of the social uses of these forms. The theoretical implications of this dialogical feed-back, as Bill 
Hillier pointed out, are still ill-defined. (Figure 6)

When Bill Hillier analysed the social malaise caused by architecture, he insisted upon that 
the very idea of any architectural determinism that buildings have a systematic effect on 
human behavior, lead necessarily to the nightmare of the mind body confusion again. Also the 
proposition that it does not matter at all how environments are designed, because they are 
behaviorally neutral, is still less credible than the precedent one.

Fortunately a third possibility exists. We need to refine the analysis of both, the architectural 
physical forms and the social variables related to them. This can be done by the use of 
configurative cognitive modelling as a bridge between the physical and the social dimensions 
of the city, either at a low local level or at a high global level. Then we arrive at the uncovering 
of the patterns of natural co-presence, brought about through the influence of spatial design 
on movements related to other aspects of the use of the spaces, such as security, urban laws 
and so on. 

 If we are not mislead this same conclusion is the one that Professor Jonas Langer from Berkeley 
(Langer J. 2016) is making in his web today:

“My research on the evolution and development of cognition in human and non-human primates is 
currently expanded from two to three-pronged. The first is the origins and development of physical 
(e.g. causal) logical (e.g. classification) arithmetic (e.g. numerical) cognition from early infancy 
on. The second is the comparative development of these cognitions in human, chimpanzees and 
monkeys. The third, which is totally new and just beginning, comprises computer simulation 

Figure 6 - Space Syntax analyses of the church of Männistö by Juha Leiviskä, in Kuopio, Finland (1986-1992). 
The red horizontal line coincides with a step in between the altar and people looking at the ceremony. A nice 
feedback between experiential and virtual realities



Proceedings of the 11th Space Syntax Symposium

134.12THE CONFIGURATIVE KNOWLEDGE OF ARCHITECTURE: 
From childhood to adulthood uncovered by the space syntax analyses

experiments to investigate and model aspects of the evolution, origins and development of 
cognition that cannot be studied in real time with real subjects”.

Then, the interfaces between different levels of co-presence between adults, children residents 
and strangers, can be measured by space syntax modelling both, on the one hand, children 
architecture and education and, in the other hand, city planning and city modelling. As professor 
Langer points out, this is a new research development and it is just beginning.

Finally, we should noticed, that we are talking about three “pronged” cognitive developments. 
In this view, architectural and planning design bridges infancy education and social and historical 
developmental cognition, throughout a three pronged simultaneous cognitive evolution. 
However we are just analyzing the tip of the iceberg.
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ABSTRACT

Purpose: This study looks at the utility of Space Syntax measures for analysing signs for 
improved noticeability and usability. It identifies spatial properties of signs locations that 
positively influence users’ capacity to find their destinations in an educational setting.

Hypothesis: In this study, we contend that different spatial properties of signs’ locations, as 
measured using space syntax, will show consistent correlations of different strengths with the 
number of times people report seeing signs and using them in a wayfinding task. 

Research design: The independent variables of the study include the spatial properties of the 
locations of signs measured on building plans using the VGA and Isovists techniques of space 
syntax. The dependent variables are the number of times people reported seeing specific signs 
and using them in a wayfinding task. This data was collected using pre-established observation 
protocols. 

Findings: Using correlation analysis, the study concludes different effects of space syntax 
measurements on the number of times users see and use signs in their wayfinding tasks. The 
findings of the study demonstrate the usefulness of applying the space syntax approach to help 
designers when placing signs in educational settings. 

KEYWORDS

Space Syntax, Signage, Wayfinding, Assessment Tool, Educational Settings

1. INTRODUCTION 

It has been demonstrated in previous studies that the signage system plays an important role 
during first-time users’ wayfinding experience because they provide directional information 
that is explicitly available in the environment (Holscher, Buchner, Brosamle, Meilinger, & 
Strube, 2007; Rousek & Hallbeck, 2011; Vilar, Rebelo, Noriega, Teles, & Mayhorn, 2015) (Conroy, 
2001; Vilar, Rebelo, & Noriega, 2012). Using signs in a wayfinding task is not a random process, 
because it follows the psychological patterns of visual perception that guide an individual to use 
some signs more than others (Vilar, Rebelo, & Noriega, 2014). Under such circumstances, it can 
be difficult to predict whether the designs of a particular signboard or its location render the best 
usability that support users’ navigation or simply add to the visual clutter in the environment. 
The current study focuses on answering this question. Specifically, it assesses the relationship 
between signboards use and the spatial properties of their locations. It targets the impact of 
signs’ visibility on individuals’ capacity to view and use them while finding a destination. 
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The study applies Space Syntax techniques – Isovists and Visibility Graph Analysis (VGA) – in 
order to imitate, as closely as possible, the visual field of signs and their visual relationships. 
Using Space Syntax techniques, the study will be able to identify and measure the possible 
role of specific spatial features of signs’ locations that are associated with their use. The study 
combines behavioural data collected from the site of investigation using behavioural tracking 
protocol. Thirty-two participants volunteered for the study. A prior approval for the use of 
human subjects in this research project was required and received from the Office of Research 
Compliance Institutional Review of the University of Kansas.

1.1. INSIGHTS FROM THE LITERATURE ON SIGNBOARD DESIGNS 

Although enhancing signage design and planning can provide an accessible and cost-effective 
means for supporting way-finders in unfamiliar environments, there is little evidence-
based information available to guide architects in designing buildings to promote signage’ 
noticeability and usability (Buechner, Wiener, & Hölscher, 2012; Rousek & Hallbeck, 2011; Tzeng 
& Huang, 2009).  Designers usually develop their expertise by applying standard guidelines 
and knowledge about best-practices in particular environments to come up with ideal solution 
(Buechner et al., 2012). However, this traditional approach may not always work, because some 
environments are architecturally and geometrically complex and might have a high amount of 
movements. In addition, different user groups with different goals or motivations may have to 
be served. 

Some previous studies have focused on changing the physical qualities of signboards by 
changing the size, colour, font and shape, and on changing interior finishes of the existing 
building to attract potential users (Lomperski, 1997; Rousek & Hallbeck, 2011; Stempler, 2013). 
While these studies have identified several local features of signboards that might influence 
their use, they fail to acknowledge that signage use is a supporting activity of purposeful travel 
and is influenced by the way people understand and move through buildings. This suggests 
that signboard use is not only determined by the physical qualities of signs, but also by the 
relationship between signage and the spatial characteristics of their locations within a building 
environment. Thus, the spatial properties of signs’ locations can be considered as a main 
potential determinant of signboards use during individual’s movement within a building. 

Therefore, we employed two of Space Syntax techniques – Isovists analysis and visibility graph 
analysis (VGA) – in order to identify (1) the visual fields of signs and (2) their visual relationships 
with all other interior spaces in the building.

1.2 THE SPATIAL PROPERTIES OF SIGNS’ LOCATIONS

1.2.1. SIGNS’ VISUAL FIELD: 

The visual field addresses the extent to which a sign can be seen from other interior spaces 
within the building or what is called visibility catchment area VCA of a sign (Xie et al., 2007). 
Space Syntax techniques provide means for analysing the visual field though incorporating the 
concept of isovist. The isovist, as proposed by Benedikt (1979) is a 2D polygon representing the 
amount of space that is visible from a particular vantage point. A large isovist area from a point, 
for example, implies a large volume around this point and a small one implies a tight confined 
space that is visible from the point. Once the 2D isovist polygon is created, it is possible to derive 
a number of quantitative measures of its geometry, which include area, perimeter, occlusivity, 
compactness, and drift. Area is the amount of visible space. Perimeter is the total length of an 
isovist’s boundaries defined by building surfaces. Occlusivity is the total length of an isovist’s 
boundaries that is not visible or is not defined by building surfaces. Compactness is a measure 
of isovist complexity. Drift measures the deviation of the sign from the centre of the isovist 
polygon which entices an individual to orient him/herself in this direction to gain the largest 
possible view (Dawes & Ostwald, 2014). 
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1.2.2. VISUAL ACCESSIBILITY:  

Visual accessibility is related to the visual relations between signs and other spaces. Visibility 
graph analysis (VGA) is a Space Syntax technique developed by Turner and his colleagues (A. 
Turner, Doxa, O’sullivan, & Penn, 2001) to assess how visible any point in the spatial configuration 
is from any other point. VGA incorporates different quantitative measures, which include; 
Connectivity, Integration, and Entropy. (1) Connectivity quantifies the local visual relationship 
between each space and its immediate neighbours. Higher connectivity values would ensure 
better visual permeability between the space in which a sign is located and other surrounding 
spaces. (2) Integration value is an important measure of local and global visual permeability. 
Researchers indicate the higher integration values a space (e.g., the visual field from a sign’s 
location) correspond with better permeability and accessibility of this space (Beck, 2009; Hillier, 
2007; Hölscher, Brösamle, & Vrachliotis, 2012). (3) Entropy is a measure of physical disorder, 
where high entropy values represent a lack of order in the sense that the relationship between 
the parts and the whole of the spatial structure is not systematic (Hillier, 2007). Entropy also 
reflects concepts of diversity and spatial differences (Stamps III, 2002). Bhatia, Chalup, and 
Ostwald (2012) propose that higher Entropy values for a point located in a space reveals high 
uniqueness of that space, as compared to other spaces within the entire layout. 

1.3 RESEARCH HYPOTHESIS

In this paper, we examine the relationship between the number of signage use (dependent 
variable) and different spatial features (independent variables), identified quantitatively using 
space syntax analysis. The study tests the following null hypotheses:

H1: The visibility of a sign measured by the properties of a sign isovist is unrelated to sign use. 

H2: The visibility relations between a sign and other spaces within the building are unrelated to 
signs use.

2. RESEARCH DESIGN 

The diagram in Figure (1) below presents the research process, which consists of three stages 
(1) collecting data about signs’ usage from the field; (2) floor plan analysis using Space Syntax; 
and (3) conducting statistical analysis to examine the relationship between the dependent 
variable and independent variables. 

Figure 1 - Research Process
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2.1 PARTICIPANTS OF THE STUDY 

32 participants between the ages of 19 and 53 years volunteered for the study. 16 of participants 
were female and 16 were male. All of participants are first-time user who did not visit the KU’s 
Edwards campus before the study.

2.2 THE STUDY SITE

The study was conducted in the University of Kansas Edwards Campus in Overland Park, Kansas, 
USA. The Campus consists of three buildings, Regents Center, Regnier Hall, and Business, 
Engineering, Science, and Technology Building (BEST). The buildings are connected together 
at the ground level (Figure 2). Both buildings, Regnier and BEST, have a simple linear layout 
with one corridor and a set of spaces arranged along the corridor. In contrast, Regents has a 
relatively more complex layout that consists of one path and two other corridors branching out 
from this path. In general, campus first-time users rely on asking the information desk to get 
directions and less on using wayfinding aids such as signs or maps, which increases the burden 
on staff and information desk.

 The signage system in the campus consists of three types; orientation signage, direction 
signage, and identification signage. Each type provides information for the visitor when moves 
further into the building. Orientation signage offer visitors an overview of their surroundings 
in the form of comprehensive site maps and directories. Direction signage constitute basic 
information about the circulation system, where it directs users between different spaces by 
displaying graphic prompts, such as symbols, and arrows. Identification signage explains the 
name of certain destinations or places. 

The signs were about 25cm-35cm wide, and were mounted on the wall at eye-level. The 
signage system problems result from the fact that (1) some of signs are not placed at key 
decision points, which makes it particularly difficult to navigate through the buildings. (2) Room 
numbering scheme become confusing when moving between buildings. And (3) the maps, 
which contained a 2D birds eye view of the building, are not aligned with the building, so that 
the top of the map does not correspond to “ahead”’ in the building. These main issues create 
confusing environment for first-time users and make them more dependent on asking other 
people for directions. 

2.3. WAYFINDING TASK PROCEDURE 

Upon arrival for the study, participants indicated consent to participate and were read task 
requirements by the researcher. The key requirement for participants was to find a specific 
destination inside the campus buildings. There were three wayfinding routes as shown in Figure 
(2). Each participant was randomly assigned to a specific route. There was no time limit for 
completing the task. After a participant reached her destination, the participant was asked to 
identify the signs she used while walking to the destination.
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Figure 2 - Wayfinding Routes in the Building 

Figure 3 -  The Distribution of Signboards’ Usage on the Three Routes 

Geographic information system (GIS) was used to locate the signs on buildings’ layouts. Maps 
in Figure (3) show the distribution of signs’ usage based on different routes. The large circles 
indicate high usage and small circles indicate low usage.

2.4. FLOOR PLAN ANALYSIS 

Floor-plan analysis gives an understanding about the layout of the setting, which is needed 
to develop a visual and perceptual relationship between signs and different spaces in the 
environment. In this research, we perform two types of Space Syntax Methods; Visibility Graph 
Analysis and Isovist using UCL Depthmap software (Turner, 2010). Of the measures produced 
by Depthmap, the following Isovist- and Visibility- based variables were picked as independent 
variables in the study:

•	 Isovist-based variables (geometric):

	 Area and Perimeter 

	 Drift (Angle) 

	 Occlusivity

	 Compactness 
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•	 Visibility-based variables (topological):

 	 Integration (global and local with a radius of 3)

	 Connectivity

	 Entropy (global)

2.5. STATISTICAL ANALYSIS 

Statistical analysis using SPSS 20 (SPSS, 2013) showed correlations of different strengths 
among the independent variables with the number of times participants report seeing signs 
and using them in wayfinding. The findings are explained in detail below. 

Hypothesis 1: Sign’s Isovist and Use

The correlation coefficients in Table (1) show no correlation between the area, perimeter, 
occlusivity, or the compactness of Isovists, and the total number of signs that are seen or used 
by participants. Correlation coefficients also show that the Isovist Drift Angle of signs had a 
correlation with the total number of signs that are seen or used by participants. The correlation 
is weak and negative (Pearson r = 0.344; P value = 0.007). This finding suggests that in wayfinding 
situations, signs with smaller drifts from the centre of the isovist polygon may have more usage.

Variable Person r r2

Isovist_Area 0.190 0.0361

Isovist_Perimeter 0.159 0.025

Isovist_Drift_Angle -0.344** 0.118

Isovist_Occlusivity 0.197 0.039

Isovist_Compactness -0.178 0.032

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Table 1 - Correlations of Sign’s Isovist and Signs Use

Partly supporting the null hypothesis 1, different features represent signs’ visual fields have 
weak and insignificant effects on signs’ usage. Only Drift angle explained about 11.8% of 
signboards usage. It also found that signs with low drift angle are mostly located in parts of the 
building that form a small alcove or niche in the walls as shown in Figure (4) below.
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**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Table 2 - Correlations of Sign’s Visual Accessibility and Signs Use

Figure 4 - Isovist Visual Drifts.

Hypothesis 2: Sign’s Visual Accessibility and Signs Use

The correlation coefficients in Table (2) show no correlation among connectivity, global and 
local integration values (R3) and the total number of signs seen or used by participants. The 
correlation coefficients also show that signs’ visual entropy had a weak positive correlation with 
the total number of signs that are seen or used by participants, which yields a Pearson r equal 
0.331 (P value = 0.005). This finding suggests that in wayfinding situations, environments with 
high entropy, where the relationship between the parts and the whole spatial structure is not 
systematic, would increase the use of signs. Put simply, in a disorderly environment people 
tend to depend more on signs for wayfinding. 

Variable Person r r2

Connectivity 0.093 0.008

Visual_Entropy 0.331** 0.109

Visual_Integration_Rn -0.018 0.036

Visual_Integration_R3 0.181 0.033

Partly supporting the null hypothesis 2, different spatial visibility features have weak and mostly 
insignificant effects on signs’ usage. However, the measure of spatial differences and spatial 
disorder show better relationship with signs usage than other visual accessibility measures 
(connectivity and integration). Similar to the previous finding, it is found that most signs with 
high usability and high entropy located in spaces that segregated from the whole building 
structure such as alcoves as shown in Figure (5) below. 
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Figure 5 - Visual Entropy.

3. CONCLUSIONS

Focusing on micro-scale, building design and signage guidelines often prescribe requirements 
for signs legibility such as the size, height, viewing distance, and location of the signs in 
order to facilitate wayfinding in buildings. Designers use these guidelines, along with other 
environmental factors such as the presence of possible visual and physical obstructions, the 
location of entries and exits, and the directions from which users would approach the building 
for specific functions, to identify the optimum locations for signs in the environment. However, 
building design and signage guidelines do not always guarantee the optimum locations of 
signs using wayfinding strategies that would improve user awareness and satisfaction. That is 
because the macro-scale environmental information on accessibility, visibility, and complexity 
of the environment are often not included in these guidelines. Designers need both micro- 
and macro-scale information and better tools to evaluate signs’ performance and identify 
appropriate locations in relation to the information to improve circulation and wayfinding, 
especially for the first-time users of buildings. Therefore, some of space syntax techniques were 
employed here as a tool to investigate if the spatial and visual configurational qualities of the 
environment could affect signs’ noticeability and visibility. The findings of the research provide 
evidence indicating the usefulness of the space syntax approach in assessing sign usage. 
According to this study, at least two measurements, visual entropy and signs’ isovist drift, help 
explain sign use behaviours in our case study. 

Signs’ isovist drift provides a way to define the visual field of a sign and its direction or orientation 
in a behavioural setting. Therefore, using this information the designer can locate the signs 
in the layout of the building to improve a sign’s visibility in relation to user movements and 
the directions of user movements. Visual entropy is another measurement that designers can 
consider when placing signs within the built environment. Entropy is a measure of disorder 
in the environment, developed based on the information theory of Shannon (1949).Instead 
of measuring information content, space syntax’s entropy measures the complexity of spatial 
structure of buildings.  When entropy is zero, the sequence of information in the building is 
perfectly ordered. As entropy increases, the sequence of information becomes increasingly 
disordered in the building. As shown in Figure (6) below, a more complex layout would generate 
high entropy values such as layout (1), where the average value of visual entropy is 0.80. In 
contrast, a less complex layout would have low entropy values such as layout (2) (average 
entropy = 0.51). Making any new alterations in the buildings’ layout such as setbacks in the 
walls Increases the complexity of the building layout and would make visual information more 
disorderly, thus affecting how the information can be accessed. As shown in figure (6) below, 
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in layouts (3) and (4) the setbacks in the wall create new spaces in the building layouts, and 
increases the entropy values. The average entropy values for layout (3) and layout (4) are 
0.85 and 0.57 respectively, which are higher than that for layout (1) and (2). The new spaces 
in layouts (3) and (4) have high entropy values as well, indicating that access to information in 
these spaces may not be easy or direct. Therefore, designers may consider placing signs in a 
manner that would help access these highly entropic spaces.

Figure 6 - Visual Entropy Comparison

The results of this research suggest how we can reliably evaluate between the locations of signs 
in the building layout and demonstrate how we can improve way finding signage systems using 
space syntax techniques. This is important, because wayfinding performance and experience 
are affected by both macro- and micro-scale environmental features. Each yields distinctive 
perspective on wayfinding, and both are needed to gain a more complete understanding of 
wayfinding. So far, with the exception of space syntax studies, most wayfinding studies have 
focused on micro-scale environmental features. Using space syntax techniques, this study 
illustrates how the signage systems of a building or a building complex can be described using 
both macro- and microscale configurational features of the environment for signage design 
and evaluation purposes.
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SPATIAL PERCEPTION OF LANDMARKS ASSESSED BY OBJECTIVE 
TRACKING OF PEOPLE AND SPACE SYNTAX TECHNIQUES

ABSTRACT

This paper focuses on space perception and how visual cues, such as landmarks, may influence 
the way people move in a given space. Our main goal with this research is to compare people’s 
movement in the real world with their movement in a replicated virtual world and study how 
landmarks influence their choices when deciding among different paths.

The studied area was a university campus and three spatial analysis techniques were used: 
space syntax; an analysis of a Real Environment (RE) experiment; and an analysis of a Virtual 
Reality (VR) environment replicating the real experiment. The outcome data was compared 
and analysed in terms of finding the similarities and differences, between the observed 
motion flows in both RE and VR and also with the flows predicted by space syntax analysis. We 
found a statistically significant positive correlation between the real and virtual experiments, 
considering the number of passages in each segment line and considering fixations and saccades 
at the identified landmarks (with higher visual Integration). A statistically significant positive 
correlation, was also found between both RE and VR and syntactic measures. The obtained 
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data enabled us to conclude that: i) the level of visual importance of landmarks, given by visual 
integration, can be captured by eye tracking data ii) our virtual environment setup is able to 
simulate the real world, when performing experiments on spatial perception.

KEYWORDS

Virtual Environments, Behaviour, Space Syntax, Eye tracking, Objective Tracking

1. INTRODUCTION

Physical environment influences people’s behaviour via several psychological mechanisms 
such as sensory access, attention, memorability, behavioural affordance, affect and sociality 
(Montello 2007). Research on the users’ perception of space has been carried on for several 
decades in order to understand patterns of behaviour and then predict and design according to 
them. Our work follows Whyte’s (1980) observations on people’s behaviour in the city’s public 
spaces, in which he described the public life in an objective and measurable way, highlighting 
spatial patterns of behaviour. In complement to Whyte’s analysis, Space Syntax theories state 
that patterns of behaviour in space can be recognized and measured through variables such 
as permeability, intelligibility, segregation and integration (Hillier & Hanson 1984). Studies 
observing people behaviour in virtual reality and the real world can complement space syntax 
analysis by introducing other variables in the outcomes of the analysis as landmarks (Lyu 
et al. 2015), light (Gochenour 2014) and land-use (Do et al. 2013). The perception of space is 
dominated by the distant senses (vision and hearing), while proximal ones (smell, touch and 
taste) give information about elements that are in direct contact with people. 

The large goal of our research aims at studying how auditory, kinaesthetic and olfactory 
senses and visual elements like light and colour influence people’s reactions to space. The 
study now presented follows our team´s prior research on space perception via analysis of real 
environments and virtual reality settings that simulate real spaces (Dias, Eloy, Carreiro, Proença, 
et al. 2014; Dias, Eloy, Carreiro, Marques, et al. 2014; Eloy et al. 2015). On those studies, either 
in real or virtual settings, we designed experiments with participants and collected objective 
measurements of physiological data, such as heart beat, skin resistance activation, gaze (via 
eye-tracking), kinematic data (trajectory and other kinematic measures of the subjects), as well 
as subjective data based on structured questionnaires. In Eloy et al (2015), we showed that the 
presence of landmarks can be objectively identified and assessed by collecting data with GPS 
and eye-tracking devices, from people’s movement while walking in a real space, in a simple 
space exploration task. 

In this paper, we raise four new hypothesis in line with our previous research:

Hypothesis 1: The presence of landmarks in virtual space can be objectively assessed by using 
gaze data acquired from an eye-tracking device; 

Hypothesis 2: There is a positive correlation between people’s walking paths in both real and 
virtual spaces;

Hypothesis 3: There is a positive correlation between people’s walking paths in the real space 
and the paths predicted by space syntax analysis;

Hypothesis 4: There is a positive correlation between people’s walking paths in the virtual space 
and the paths predicted by space syntax analysis.

This paper is divided in six sections. We start by describing related work in the literature that is in 
line with our research, both in the fields of space syntax and of assessment of space perception 
using virtual environments and objective measurements. In section three, we explain our 
research methodology and all the experimental settings. In this section, we also describe how 
syntactic measures were calculated to assess the potential of human motion associated with 
the space, and how experiments in both real and virtual spaces were designed to observe the 
way people move. Section four presents the obtained results and in section five, we discuss 
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those results vis-à-vis the hypothesis raised for the research. The paper ends with conclusions 
and topics of further research, both drawn in section six.

2. RELATED WORK	

Space Syntax theory, introduced in 1976 by Hillier and his colleagues at University College 
of London, is founded on the concept that the physical and spatial configuration of the built 
environment, informs us how space is experienced, explored and apprehended. (Hillier et 
al. 1976; Hillier & Hanson 1984). By analysing a series of spatial characteristics, space syntax 
helps designers understanding the role of spatial configurations in shaping patterns of human 
behaviour and to estimate the social effects of their designs. This analysis model enables us to 
study the causal relationships between the form of architectural and/or urban spaces and its 
modalities of use and occupation.

The theory has been extensively tested and high correlation between Integration, motion 
flows and space use, has been demonstrated by several authors (Hillier et al. 1976; Penn et al. 
1998; Conroy-Dalton et al. 2010; Serdoura 2006). Since then, studies have broaden their use 
of syntactic measures, showing that other measures yield higher correlations with pedestrian 
flows (Freeman et al. 1991; Kivimäki et al. 2016; Newman 2005). Regarding Wayfinding and 
Spatial Configuration Emo et al. (2012) demonstrated how various syntactic measures are 
correlated with human behaviour on pedestrian route choice. In particular, this study revealed 
the existence of a higher correlation among the measure of Betweenness or Choice and 
pedestrian counts, than the one registered between the measure of Integration and pedestrian 
counts. 

As mentioned, this work follows on our prior research on space perception and use. We 
previously investigated on people’s navigation and visual attention in real environments (Eloy 
et al. 2015) and the current research aims at replicating a real experiment in a Virtual Reality 
environment and extracting conclusions brought forth by the comparison of results.

Our experience of space relies on a representation of the environment generated through a 
conjugation of our senses, that is compiled by our central nervous system (Loomis 2003). This 
representation informs our decisions on space use and therefore, by studying our senses we 
can aim at predicting how people make use of space. One of the main senses that influences 
our decisions is vision. Landmarks and their importance on users’ navigation have long been 
shown in literature (Loomis et al. 1999; Michon & Denis 2001; Waller et al. 2004). In order to 
evaluate their importance, several methodologies and tools have been used as, e.g. the capture 
of images and video at specific viewpoints that include the landmarks (e.g. (Heitor et al. 2013)), 
and Virtual Reality simulations (e.g. (Waller et al. 2004)).

According to the “strong eye-mind” assumption, what a person sees can be an indication 
of what he/she is currently thinking or is predominant in his/her cognitive process (Just & 
Carpenter 1976). This means that by registering an individual’s eye movement, we have access 
to data about where, on a given visual field, such individual’s attention is being focused on. The 
individual’s visual attention can be analysed through fixations (breaks between the informative 
regions of interest) and saccades (rapid eye movements between the fixations), allowing us to 
better understand how space is seen from the individual’s point of view (Salvucci & Goldberg 
2000). Moreover, it helps us to identify which are the areas that most attract the gaze of the 
users. This information is an important contribution to study the decisions undertaken by 
people when walking through a given space. In fact, according to Benedikt (1979), the visual 
information a pedestrian acquires when he/she is experiencing a certain space, influences his/
her behaviour.

The eye-tracking concept refers to a set of technologies which allows tracking and measuring 
an individual’s eye movements, when exposed to a visual stimulus in a real or controlled 
environment. This makes it possible to determine where, for how long and in which order, in 
his/her visual span, was the individual focusing his/her attention the most (Poole & Ball 2006). 
The use of eye tracking data to study objective environmental perception, compared also with 
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Space Syntax analysis results, is a novel development in this area, particularly when combining 
field data collection with Virtual Reality data collection.

3. EXPERIMENTAL METHODOLOGY

3.1 CONDITIONS

The methodology used in this study encompassed the analysis of three conditions of use 
of the same physical territory, namely, the exterior area of ISCTE-IUL’s University Campus 
shown in Figure 1. The three conditions were the following: i) Condition 1 – computer assisted 
automatic space analysis performed by space syntax DepthmapX and Space Syntax Toolkit for 
QGIS; ii) Condition 2 - real space analysed by direct observation of people and data collection; 
iii) Condition 3 - virtual space analysed in a semi-immersive virtual environment by direct 
observation of people and data collection. 

In Condition 1, we have performed a Visibility Graph Analysis (VGA) and a Segments Analysis. 
For VGA a map of the area in study was drawn. This map included not only the buildings and 
trees at eye level but also other elements at knee level that restrict walking. The map was 
then imported to DepthmapX and a VGA analysis performed utilizing a grid of 1x1 meter. This 
analysis aimed at obtaining standard control, integration, depth and intelligibility measures. 
For the Segment Analysis, a second map was drawn based on the longest line, and minor 
corrections were performed where three or more lines intercepted, to reduce unnecessary 
segmentation. With this Segment Analysis, we obtaining NACH (normalised angular choice) 
and NAIN (normalised angular integration) measures. (Hillier et al. 2012)

Condition 2 consisted of an analysis of how people walk in the real space. The experiment was 
done in the campus area, exactly the same location that was subject to space syntax analysis in 
Condition 1 (Figure 2 and Figure 4). For condition 3 a virtual model of the ISCTE-IULs’ campus 
was modelled and experiment participants navigated through it in a semi-immersive virtual 
environment (Figure 3 and Figure 5). 

Figure 1 - Main areas of the ISCTE-IUL campus and starting 
point (S)

3.2 EXPERIMENTAL SETTINGS

The experiments undertaken for Conditions 2 and 3 included the participation of volunteers 
that freely explored the campus for a period of 10 minutes. Since both studies were based in 
observing people walking, several decisions where taken in order to define how to perform the 
experimentations. Our prior Space Syntax analysis, helped us selecting a location in the Campus 
to start the experimentation. To that aim, we selected the place with higher integration value 
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measured in Condition 1 as the start location (indicated with an “S” in Figure 1). In fact, from 
this chosen point all possible trajectories could be followed by participants, enabling them to 
choose freely from a large variety of options. 

3.3 DATA COLLECTION

During this study, particularly for both Condition 2 and 3, we collected both objective and 
subjective data from the participants’ activities namely, objective data regarding the paths 
chosen to explore the campus area, and subjective questionnaire data regarding their 
attachment to the space. The objective data consisted of the 3D positions along the trajectory 
taken, the speed of the motion and the gaze of participants during the entire experiment.

Trajectories followed by the participants in Condition 2, were captured by means of a Garmin 
Forerunner 310XT GPS tracking system. This system is unobtrusive and has an acceptable 4 m 
accuracy which is sometimes degraded by reflections in buildings and vegetation. Location data 
consisted on a time-series of latitude, longitude and elevation geodesic coordinates in spherical 
coordinates. Since the quality of the elevation data from GPS is known to be very poor, the 
original elevation was replaced by values from an available digital terrain model of the same 
space. The spherical coordinates were then converted to a regional rectangular grid using the 
Transcoord Pro v 2.0 software (http://www.dgterritorio.pt) and exported to the Mat Lab system 
for post-processing. Walking speed time-series for individual tests were calculated, as well as 
individual and global average values. Smoothing of the peaks corresponding to poor satellite 
reception was performed, but no correction of location errors was done. In Condition 3, the 
path followed by each participant was collected automatically by a specific functionality of the 
virtual reality system. Among other variables, the XYZ position in the virtual environment was 
collected in relation to the virtual world reference frame. The data collection system outputs a 
set of samples with timestamped entries, with an average delta of 31.73 milliseconds (ms) and 
a standard deviation of 10.85 ms. The walking speed for the virtual experience was fixed and 
defined using the average speed of the participants of Condition 2. This value was constant for 
the whole experiment, so that the subject could only either be standing still or moving in the 
virtual environment at this fixed speed.

To collect gaze information, we used a head-mounted eye tracker from Ergoneers (Dikablis 
model). In Condition 2, participants wore a backpack which stored a Surface Pro 2 that was 
collecting the data from the eye tracking device. From the collection of gaze information, we 
extracted several primitives for each timestamp, such as X and Y gaze location on each video 
source, eye saccade movement, fixation state and pupil area (height and width). We used a 
fixation duration metric, according to the principles of Salvucci and Goldberg (2000). The 
methodology used to evaluate landmark influence was based on an analysis of events which 
describe the presence of a landmark on the field video. Fast-head movements and fixations 
lower than 50ms were not considered for analysis.

Literature on the topic of users’ perceptions of environmental conditions, tend to analyse 
the attachment users have to the places they are assessing. Kyle et al (2004) even states that 
users with the strongest attachment are also the most sensitive to environmental conditions 
existent within the setting. We´ve followed a similar approach by collecting subjective data by 
means of a questionnaire that participants answered at the end of each experiment. The goal 
of using this type of analysis was to obtain more information about user’s assessment on space 
potentialities and affordances, as well as to gather extra knowledge about their preferences 
and level of self-identification with the campus. 



Proceedings of the 11th Space Syntax Symposium

SPATIAL PERCEPTION OF LANDMARKS ASSESSED BY OBJECTIVE TRACKING OF PEOPLE 
AND SPACE SYNTAX TECHNIQUES 136.6

Figure 2 - Participant of condition 2 us-
ing the instruments for data collection 
in the real space of the ISCTE-IULs’ 
campus.

Figure 3 - Participant of condition 3 us-
ing the instruments for data collection 
in the semi-immersive virtual environ-
ment.

Figure 4 -ISCTE-IULs’ campus used in the experiment of Condition 2.

Figure 5 -  A snapshot of ISCTE-IULs’ virtual campus used in the experiment of 
Condition 3.
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3.4 PARTICIPANTS

Participants were recruited from the ones who: i) don’t have an architecture background, 
ii) have good prior knowledge of the university campus, iii) don’t have motion constrains or 
physical disabilities, iv) don’t suffer from cardiovascular diseases. For Condition 2, 18 volunteer’s 
participants were selected, ranging from 18 to 45 years old, with a mean age of 25 and a standard 
deviation of 7.24. Condition 3, engaged 20 volunteer participants, ranging from 18 to 31 years 
old, with a mean age for 22 and a standard deviation of 4.09.

3.5 PROTOCOL

The experiment included two parts: a prospecting one during which volunteers were survey 
to check selection criteria; and the experiment proper, where participants were asked to 
explore the prescribed area of the university campus. All participants engaged in experiments 
of Conditions 2 and 3, received the same instructions to accomplish the campus exploration. 
Before the experiment started participants were briefed about the task to be performed and 
the data collection equipment they would carry. Participants were told to freely explore the 
area the best that they could during ten minutes. At the end, they answered a questionnaire 
about their experiment

4. RESULTS

4.1 SPACE SYNTAX (CONDITION 1)

As mentioned, we conducted a first analysis of the university campus by means of Space Syntax 
in order to study the potential of human motion that theoretically could occur in that space. 
For that analysis we conducted a segment analysis for calculating NACH and NAIN and a VGA 
analysis for acquiring global integration, intelligibility, control and mean depth measures. 
The main aims of this analysis were: i) to find the more integrated areas to contribute to the 
definition of the landmarks that will be focus of study and ii) to have data on peoples’ potential 
motion flows to compare with the results of Condition 2 and 3.

From a qualitative analysis twenty-two landmarks were identified in campus, based on special 
architectonic elements (e.g. prominent doors, unusual shape) and audio sources (e.g. water 
falls), as depicted in Figure 6. Based on a VGA analysis (Table 1) we chose the four most 
integrated landmarks - V02, V04, V09 and M01 – to perform the gaze (based in eye-tracking) 
analysis in Conditions 2 and 3 explained later in this section.

Figure 6 - Full set of identified landmarks (yellow), 
analysed landmarks (red) and starting point (S) of the 
experiment.
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The VGA analysis presented in Figure 7, shows that areas 9, 12, 14 and the transition zone 
between areas 1 and 2 have high values of Global Integration, Intelligibility and Control and low 
values of Mean Depth, indicating that, in the context of the studied area, those areas are very 
central, easily reachable and are areas where the whole system is visually controlled and easily 
understood. More peripheral areas like 2, 3, 4 and 5 present the opposite values and constitute 
areas where users more rarely access and are not part of the regular flow.

Landmark V2 M1 V9 V4 V3 V5 M4 V1 M3 V13 V11 V7 V12 V6 V17 V15 V8 M2 V16 V14 M5

Integration 

value
7.1 6.2 5.6 5.5 5.3 4.7 4.7 4.6 4.4 4.1 4.1 3.5 3.4 3.4 3.3 3.3 3.1 3.0 2.8 2.8 2.2

 
Table 1 - Integration values calculated on VGA analysis (isovist at knee-level) for each Landmark in decreasing order

Figure 7 - VGA Analysis of the ISCTE-IUL’s university exterior campus, measures 
of Global Integration, Mean Depth, Intelligibility and Control

For our segment analysis of the space, a wide range of radii were applied – 50m, 100m, 200m, 
300m, 500m and N (or unrestricted) – to allow a broader range of study. The values acquired 
for the various measures plateaued on radii larger than 300 meters, which revealed to have no 
significant difference from the ones of N, indicating this radius as the maximum for this case 
study. Thus, we have opted to use radii N and another in between - radii 100 meters - to perform 
the various correlations between the various experimental conditions. Figure 8 shows NACH 
and NAIN measures for radii 100m and N. NACH value is the division of total choice by total 
depth for each segment in the system, therefore adjusting choice values per the depth of each 
segment in the system (otp.spacesyntax.net). NAIN measures how close each segment is to all 
others in terms of the sum of angular changes that are made on each route (Glossary of space 
syntax, ucldigitalpress.co.uk).
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Figure 8  -  NACH and NAIN Segment Analysis Radii 100 meters and N

4.2 REAL ENVIRONMENT (CONDITION 2) AND VIRTUAL REALITY (CONDITION 3)

In Conditions 2 and 3 we collected data regarding the trajectories followed by the participants 
and to where they were looking when near the selected landmarks. 

The observed motion flows are shown in Figure 9 regarding Condition 2 and Figure 10 for 
Condition 3. A visual analysis of these flows shows a more diverse exploration of space in 
Condition 2 where most subjects moved through all the campus in a similar way. Condition 3 
shows a higher concentration of movement in areas 11, 12, 13 and 14. It should be noted that 
there the method used to record trajectories in Condition 2, a fitness GPS watch, has several 
meters of error due to satellite signal degradation. Ongoing evolution of the devices and of 
the satellite network, with the addition of a large number of satellites by Russia, Europe and 
China’s own systems (GLONASS, Galileo and BeiDou), will provide greater accuracy in the 
coming 2-4 years.

Figure 9 - Motion flows in Condition 2 (RE) Figure 10 - Motion flows in Condition 3 (VR)
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Table 2 shows the fixations and saccades occurred for each landmark per subject, both in 
Conditions 2 and 3. V9 is the landmark that in both Conditions has higher values with V2 being 
the second one. The differences obtained in the values will be discussed in the Discussion 
section.

From the questionnaires, we obtained the level of identification of the participants with ISCTE-
IUL as well as a personal assessment on what were their preferred spaces (Table 3).

To measure the level of identification with ISCTE-IUL we computed an index composed by 4 
items (e.g., “I identify myself with ISCTE-IUL”, “I like ISCTE-IUL very much”; Chronbach alpha 
= .60). The analysis of the means revealed a high level of identification with ISCTE-IUL both in 
the real (M = 5.12; SD = 0.90), t (19) = 25.42, p < 0.001, and in the virtual scenarios (M = 4.75; SD 
= 1.02), t (15) = 18.54, p < 0.001. Furthermore, there were no significant differences in the level 
of identification between these two scenarios, t (34) = 1.16, p = 0.251. 

Relating to the preferred areas (Table 3), we verified a low correlation (0.48) between Condition 
2 (RE) and 3 (VR). In Condition 2, the subjects tended to prefer areas dominated by vegetation 
(areas 2, 3 and 4), and in Condition 3 subjects preferred the areas that, in the real environment, 
have the most social life of the campus (areas 9, 11, 14). The low correlation between the two 
conditions, although all participants showed a high level of identification with the campus, 
drives us to conduct further studies on this subject in the future. A preliminary hypothesis for 
such a correlation, that requires further experimental validation, is that participants of the 
virtual experiment were first curious and then satisfied by the virtual representation of places 
they like. For the real experiment, participants might have learned better the campus and 
discovered places they did not knew well.
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Subject/Landmark V2 V4 V9 M1

RE02 12.22 6.20 59.03 18.15

RE03 32.12 10.69 52.62 -

RE04 - 5.13 4.17 30.43

RE05 30.15 4.95 8.75 -

RE06 5.83 9.09 2.86 2.70

RE08 13.95 14.15 12.44 9.65

RE10 5.84 - - 8.48

Average ± SD 14.30 ± 11.47 7.17 ± 4.25 19.98 ± 23.04 9.92 ± 10.28

Confidence interval 8.50 3.15 17.07 7.61

VR03 39.63 26.83 15.79 15.25

VR04 2.33 20.79 15.44 0

VR05 19.81 19.31 21.35 12.67

VR07 3.2 33.67 17.65 0

VR08 - 0 13.07 0

VR09 16.06 8.65 22.49 4.68

VR11 - - 26.87 0.38

VR14 26.87 26.96 13.91 25.92

VR15 18.09 22.04 17.99 15.4

VR16 - - 11.97 1.91

VR17 13.65 0 21.11 7.42

VR18 5.71 31.03 4.41 8.21

VR19 47.67 0 30.71 4.59

Average ± SD 19.30 ± 14.32 17.21 ± 12.25 17.9 ± 6.53 7.42 ± 7.63

Confidence interval 8.88 7.24 3.55 4.15

Table 2 - Fixations and saccades for each landmark, per subject (Condition 2 subjects RE02 to RE10, and Condition 
3 subjects VR03 to VR19). The values shown represent the percentage of time that the participant looked at the 
landmark when it was on his/her field of view. Only 7 from the 18 experiments of Condition 2 and 13 from the 20 
experiments of Condition 3 were considered valid for the eye-tracking analysis. “-“ means that the subject did not 
pass through the landmarks and “0” means that the subject did not look at the landmark.

Areas/% of likes 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Condition 2 (RE) 3.9% 15.7% 19.6% 25.5% 0% 0% 9.8% 2% 13.7% 0% 7.8% 0% 0% 2%

Condition 3 (VR) 2.1% 2.1% 8.3% 8.3% 2.1% 2.1% 2.1% 4.2% 25% 0% 18.8% 4.2% 2.1% 18.8%

 
Table 3 - Number of times participants said that areas were the ones they preferred.

4.3 CORRELATIONS BETWEEN THE THREE EXPERIMENTAL CONDITIONS

Data resulting from the analysis performed with space syntax (Condition 1) was correlated 
with data collected in Condition 2 (RE) and Condition 3 (VR), regarding the paths taken by the 
participants. For that correlation, we considered, in Conditions 2 and 3, the number of subjects 
that passed through each segment (Sub) and the total number of passages for each individual 
segment (Pas). Regarding Condition 1 we used the values of NACH, NAIN in radii N (rN) and 
100m (r100m), for each segment. 
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With such data, a wide range of correlations were performed as shown in Table 4. Both number 
of subjects and total passages revealed a high correlation, respectively 0.825 and 0.827, between 
Condition 2 and 3. The correlations performed revealed to be higher between Condition 1 and 
Condition 2 (RE) than between Condition 1 and Condition 3 (VR). This higher correlation was 
higher with rN than with radius r100m. Additionally NACH obtained a higher correlation with 
Condition 2 and 3 than NAIN.

VR-Sub          
(Condition 3)

VR-Pas         
(Condition 3)

RE-Sub            
(Condition 2)

RE-Pas         
(Condition 2)

RE-Sub (Cond. 2) 0.825 / p=2.857E-15 - - -

RE-Pas (Cond. 2) - 0.827 / p=2.196E-15 - -

NACH rN (Cond. 1) 0.657 /p=2.787E-8 0.596 / p=1.009E-6 0.743 / p=3.483E-11 0.730 / p=1.201E-10

NAIN rN (Cond. 1) 0.536 / p=0.000017 0.563 / p=5.158E-6 0.478 / p=0.00017 0.513 / p=0.000044

NACH r100m (Cond.1) 0.460 / p=0.000316 0.430 / p=0.000853 0.485 / p=0.000129 0.485 / p=0.000129

NAIN r100m (Cond.1) 0.314 / p=0.0173 0.327 / p=0.013 0.329 / p=0.0123 0.337 / p=0.0103

Table 4 - Correlations between the experiments of Condition 2 (Real Environment) and Condition 3 (Virtual Reality) 
calculated using Spearman’s rank order correlation. RE: Condition 2; VR: Condition 3; Sub: Number of Subjects 
passing on the landmarks; Pas: Individual Passages on the landmarks.

5. DISCUSSION

The results obtained from the questionnaires shown that that all subjects, both in Conditions 2 
and 3, have a high place attachment and constitute a homogenous sample on that matter. This 
result also indicates that subjects have a positive perception about the place they are accessing 
(Bernardo & Palma-Oliveira 2012) and their attitudinal anchor relating to environmental 
conditions is set notably lower than the ones who have lower attachment (Kyle et al. 2004). 
Situations less interesting of the environment as e.g. lower aesthetics or less qualified spaces 
are therefore not taken as a critic subject. With this results we can therefore assure that the 
experiments were not biased by characteristics of space that are not the morphological ones.   

Our analysis on the data obtained in the conducted experiments, allowed us to assess the 
hypothesis raised for this research. 

Hypothesis 1: The presence of landmarks in virtual space can be objectively assessed by using 
eye gaze data acquired from an eye-tracking device.

Our data collection approach, showed that the presence of landmarks in the virtual reality 
environment can be objectively assessed by using eye gaze data acquired from an eye-tracking 
sensor, proving hypothesis 1. Indeed fixations and saccades for each landmark were calculated 
and show high values.

The large standard deviation was obtained in the results from Condition 2 and 3 regarding the 
fixations and saccades of the four landmarks (Table 2, e.g. for V9) can be explained due to the 
architectural characteristic of the space. In fact, V9 is a wide and long tunnel where participants 
registered high values of fixation and saccades when they cross it and a very small value when 
they just pass in front of it. In other landmarks in which the architectonical characteristics 
are more confined (e.g. the vertical stairs in the façade in Vo4), the observed values are more 
constant.

Hypothesis 2: There is a positive correlation between people’s walking paths in both real and 
virtual spaces.
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Considering hypothesis 2, the data confirms a positive high correlation between people’s 
movement in the real and in the virtual space. Data obtained confirms the premise with a high 
correlation on both number of subjects that pass through an area and total number of passages 
by area, with 0.825 and 0.827 respectively, and a p-value under 2E-15.

This result enables us to perform studies on people’s movement in virtual reality environments 
simulating the real environments in ISCTE-IUL VR-Lab. 

Hypothesis 3: There is a positive correlation between people’s walking paths in the real space 
and the paths predicted by space syntax analysis.

We verified a high positive correlation between people’s walking paths in the real space and the 
measure NACH rN and a moderate positive correlation with NAIN rN, confirming, in essence, 
our hypothesis 3. An eventual bias occurred by the fact participants had to walk using visible 
equipment was already discussed in Eloy (2015) . Without this bias the correlation could have 
been higher.

Hypothesis 4: There is a positive correlation between people’s walking paths in the virtual space 
and the paths predicted by space syntax analysis.

We have also verified a moderate positive correlation between people’s movement in the virtual 
space and the syntactic measure NACH rN and NAIN rN, proving our hypothesis 4.

It is important to emphasize that the correlations obtained between the syntactic measures 
and RV were slightly inferior then the ones verified between syntactic measures and RE. 
These results need further research but it is interesting to observe that even though the real 
environment contains distracting elements as people walking, greenery, and so one, the 
correlation with the syntactic measures was higher than the one with between syntactic 
measures and virtual environment. Besides the confirmation of hypothesis 2, other studies 
with our virtual reality environment showed that it enables high levels of presence therefore 
simulating well the real environment (Dias, Eloy, Carreiro, Marques, et al. 2014). One possible 
interpretation is that a more realistic virtual environment, e.g. incorporating active walking, 
greater field of vision, more realistic greenery or further modelling of the surrounding area, 
would increase the correlation between virtual reality and syntactic measures.

6. CONCLUSIONS AND FUTURE WORK

The research presented in this paper aimed at assessing the spatial perception of landmarks, 
by collecting and analysing objective and subjective data from users participating in real and 
virtual reality experiments. 

It was hypothesised that the presence of landmarks in virtual space could be objectively 
assessed by using gaze data acquired from an eye-tracking device and that a positive correlation 
would exist between people’s walking paths in three conditions – space syntax simulation, real 
environment and virtual environment.

The obtained results have shown, on one hand, that eye-tracking data collection enabled us to 
assess the relevance of the presence of landmarks when a subject navigates in a virtual reality 
environment. On the other hand, our experiments have revealed that there is not just a high 
positive correlation between people’s movement in the real space and space syntax measures, 
but also, between people’s movement in the virtual space and space syntax measures. 
Differences between this two correlations were discussed in the previous section.This result 
reinsures the predictive capabilities of segment analysis and, in particular, the use of NACH over 
NAIN measures, for pedestrian traffic. We have also shown that there is a positive correlation 
between people’s movement in the real space and in the virtual space. With this finding we 
have an evidence of the applicability of our semi-immersive virtual environment to replicate 
real environments with sufficient accuracy, when evaluating space perception and use.

Future work involves a fourth condition of study with 3D sound (ambisonics and binaural) scape 
in virtual reality. The aim of such a study is to verify if 3D sound effects in virtual reality have a 
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significant effect in increasing the sense of presence and immersion of the subjects and positively 
impact the correlations between the Virtual Reality environment, the Real Environment and 
the Space Syntax theoretical measures.

Furthermore, performing additional experiments with a sample of participants that bear no 
prior knowledge of the University Campus, would most likely enable observation of lower 
attachment values (of participants to the space), that could then be compared with the results 
now presented in this study. According to the literature (Kyle et al. 2004), we would in fact expect 
that this new sample would respond in a different way to the exploration challenge introduced 
in this study, and thus explore other facets of the interaction between users and space.
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ABSTRACT

The interplay between mind, behaviour and world has been extensively examined by the field 
of environmental psychology. This approach investigates the ways in which environment 
furnishes human spatial behaviour as well as individual’s responses to information retrieved 
by his or her immediate stimuli. Despite the fact that scholarly work in this field has provided 
valuable conclusions about social functioning in various spatial settings, the spatial context 
is usually conceptualised as if unstructured and without distinctive physical or organisational 
properties as a spatial whole. For these reasons several approaches from the built environment 
tried to address this gap by combining space syntax theoretical and methodological tools with 
key concepts from the field of environmental psychology and examined spatial cognition, 
movement, wayfinding, navigation and visual perception. This paper aims at contributing to 
this existing body of literature by drawing on Appleton’s (1975) prospect-refuge theory and 
examining stationary activities such as seat preference. The coffee shop like settings of three 
customer lounges in the UK serve as empirical case studies to investigate customers’ seat 
preferences. The methodology implemented for this study combines a consistent analysis of 
spatial structures captured by space syntax analytical tools with behavioural data retrieved by 
detailed onsite observations of space usage. Furniture settings were mapped and classified 
according to orientation of seats (‘directness’), presence or absence of attractors (such as 
windows, TV, coffee bar) and furniture types (armchairs, sofas, booths, etc.).

This study found that there is no linear relationship of occupancy with spatial variables and 
that various contributing factors determine seat selection. In essence, seat preference is 
rendered as a rather complex phenomenon which depends on the degree of control that is 
given to the occupant, furniture type as well as furniture directness. At the same time, the 
paper develops joint metrics that aim at tackling Appleton’s concept of prospect-refuge. In 
summary, this research by adopting a more empirical and behavioural approach centred on 
seating preferences presents an innovative way of jointly analysing spatial variables alongside 
space usage preferences for the examination of stationary activities. 

KEYWORDS

Environmental psychology, space syntax, occupancy patterns, seat preference, prospect-
refuge theory
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1. INTRODUCTION 

Environmental psychology was defined by Proshansky et. al. (1970) as the field that focuses 
on human behaviours in relation to physical settings defined and ordered by man. The authors 
argued that physical settings “evoke complex human responses in the form of feelings, 
attitudes, values, expectancies and desires” (ibid.: 28) and in this sense, environmental 
psychology examines the relationship of physical settings with human behaviours. However, 
as argued by Peponis and Wineman (2002) studies of environment and behaviour are often 
problematic in describing environment, since they are mainly dealing with a wide array of social, 
psychological, cultural and organisational parameters. It is exactly on that point that space 
syntax is considered to hold potential as an important contributor towards a comprehensive 
theory of environmental psychology, since it offers a quantitative approach able to characterise 
the structure of the spatial layout (Montello, 2007).

Therefore, in an effort to jointly examine internal processes and external environment various 
studies have been conducted to this date, investigating a wide range of human spatial behaviours 
with a particular focus on movement choices, spatial cognition, navigation and wayfinding 
performance. Unlike existing scholarly work, this study focuses mainly on stationary activities, 
attitudes and seat preferences by theoretically and methodologically elaborating on Appleton’s 
theory of prospect-refuge which described the psychological need of tucking oneself away 
from others, but at the same time maintaining an oversight of the environment around oneself. 

Thus, this research is designed to examine micro-dynamics of social behaviour in relation to 
social and physical stimuli by combining space syntax with key concepts from environmental 
psychology (Appleton’s prospect-refuge theory). In essence, this research sets out to investigate 
customers’ seat preference by considering spatial variables, furniture type, furniture directness 
and attractors. As a result, an empirical methodology is adopted for this study that combines 
a consistent analysis of spatial structures captured by space syntax analytical tools with social 
functioning data retrieved by detailed on-site observations of space usage.

In detail, the paper starts with a review of literature (chapter 2) relevant to this study by 
examining concepts by environmental psychology (2.1.), space syntax theory and its possible 
contribution towards a comprehensive theory of environmental psychology (2.2), while it also 
considers approaches that combine both perspectives for the examination of prospect-refuge 
theory (2.3). The case studies and the research methodology are then described in chapter 
3, followed by an extensive analysis of the data structured in three  chapters which aim to 
explain occupancy patters based on spatial metrics alone (chapter 4), spatial metrics and seat 
characteristics alongside each other (chapter 5) and finally a multi-factorial regression analysis 
(chapter 6). The research’s main findings, conclusions and suggestion for further work are then 
developed in a final chapter 7. 

2. THE STUDY OF INDIVIDUAL PREFERENCE IN SPACE AS BOTH INDIVIDUAL AND 
COLLECTIVE PHENOMENON 

This chapter will review existing research under three broad categories: 1) Environmental 
Psychology: The study of individual preferences in space usage – how individuals’ behaviour is 
related to their immediate physical setting; 2) Space Syntax Approach: Considering collective 
patterns – to what extent space syntax theory and methodology contribute to a comprehensive 
theory of environmental psychology taking into account the wider spatial environment; 3) 
Existing scholarly work bridging between space syntax and environmental psychology for the 
empirical and methodological investigation of prospect-refuge theory. 

2.1. ENVIRONMENTAL PSYCHOLOGY: THE STUDY OF INDIVIDUAL PREFERENCE IN SPACE USAGE 

Environmental psychology is a varied field. An early example of a typical approach of 
environmental psychology was Osmond’s (1957) hypothesis that seating arrangements can 
influence social interaction. Osmond noticed that some places tended to discourage interaction, 
while others tended to bring people together and encourage social interaction; he coined them 
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“sociofugal” and “sociopetal” places respectively. Elaborating further on Osmond’s hypothesis, 
Sommer (1965) proposed that there are distinct seat preferences depending on the type of 
action each group is executing (i.e. interacting casual groups preferred corner-to-corner 
arrangements, cooperating groups preferred to sit side-by-side etc.). Additionally, Sommer 
(1965) through his studies in library environments claimed that the ecology of interaction 
appeared to be particularly different from non-interaction in terms of seat positioning, since 
most stressful encounters were mainly avoided through spatial segregation.

Such explorations revealed the concept of personal space (Sommer, 1969) which is usually 
addressed as the area around an individual that creates an invisible boundary between an 
individual’s self and others. Specifically, this ‘bubble’ around the individual describes the 
distance that individuals maintain in order to eliminate most stressful encounters. Therefore, it 
has a primarily protective role, while it also controls the sensory information offered or received 
by means of visual contact, visual directness as well as spatial segregation (Siggolitou, 1997).  

The role of interpersonal distance in human conversation was examined empirically by Sommer 
(1962) who studied the distance for comfortable conversation in lounge areas. Sommer 
concluded that when the distances between pieces of furniture were greater than 1 metre, 
people preferred to sit side-by side on the same sofa instead of across from one another on 
different sofas. By adopting the opposite starting point, Bachelor and Goethals (1972) assumed 
that changes in the instruction given to a group (i.e. to decide individually or as a group) can 
affect their formation. Their investigations highlighted the fact that interpersonal distance 
appeared depending on both the activity (in this case decision making) and the nature of the 
activity (individually or as a group).  

What is implicit though in these approaches is the perceptual availability of one person to 
others – what Mehrabian (1969) coined immediacy. Immediacy is addressed as the direct 
orientation of individuals that in turn enhances the conversation between “interactants”. 
Elaborating more on this hypothesis, Mehrabian and Diamond (1971) suggested that individuals 
in closer positions and more directly orientated towards each other tended to converse more. 
Interestingly, Mehrabian and Diamond (1971:282) by measuring “directness according to how 
many degrees one must turn to face another” highlighted that 0° orientation indicates face 
to face communication, while 180° orientation is the least direct and the most detrimental to 
conversation. 

Elaborating more on the fundamental importance of visibility, Appleton (1975) argued that 
place preference is based on the behavioural and psychological need of human beings to find 
places from where they can observe without being exposed. In essence he claimed that the right 
combination of prospect and refuge that an environment can offer influenced individuals’ seat 
preference. However, despite the fact that some studies have been conducted elaborating on 
Appleton’s ideas they remained firmly anchored in the study of spatial characteristics, whereas 
perspectives of an empirical behavioural investigation are not as well established (Dosen & 
Ostwald, 2012)

2.2. SPACE SYNTAC APPROACH: CONSIDERING COLLECTIVE PATTERNS  

As concluded by the previous section, existing knowledge on the interplay between the 
physical environment and human behaviour in the field of environmental psychology remains 
somewhat limited to the examination of the immediate socio-physical environment (Stokols, 
1995) of an individual, since there is no attempt to explore the role of physical barriers in 
regulating interaction (Sommer, 1965). Therefore, according to Montello (2007) space syntax 
can constitute an important contributor towards the development of a comprehensive 
theory of environmental psychology, since it can provide a rich set “of quantitative indices for 
characterising places in many ways that are potentially relevant to a variety of psychological 
responses” (ibid., p. 1).

However, unlike environmental psychology which studies the individual preference in space, 
space syntax suggests that “the relation between space and social existence does not lie at the 
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level of the individual space, or individual activity [but rather] it lies in the relations between 
configurations of people and configurations of space” (Hillier, 1996, p. 31).Therefore, space 
syntax theory suggests that “by analysing space rigorously and observing human activity 
carefully” (Hillier and Vaughan 2007: 207) space is not seen as a background to social activity 
but as an intrinsic aspect of human behaviour. 

As summarised by Peponis and Wineman (2002) social and psychological studies of environment 
can be valuably benefited by analytical theories of spatial configuration. More specifically, by 
means of isovist analysis and Visibility Graph analysis, space syntax can promise important 
insights to the field of environmental psychology (Montello, 2007). In fact, according to Turner 
et. al. (2001) the concept of the isovist is a promising way of thinking about spatial environments 
due to the fact that it provides a description of space from the point of view of individuals, 
since it illustrates the way people perceive, interact and move through space. Space syntax 
theory used isovists to derive visibility graph analysis of mutually visible areas in a spatial layout 
which according to Turner et. al. (2001) seems related to an individual’s perception of the built 
environment. 

Currently there is a growing body of research which recognises the potentials of combining 
the advantages of both approaches to study the interplay between internal processes and 
external environment (either real or virtual). Specifically, existing research has analysed human 
navigation (Penn, 2001;2003) and wayfinding performances along with spatial properties 
(Peponis, Zimring and Choi, 1990; Convoy Dalton, 2001; Haq & Zimring, 2003; Convoy Dalton, 
2003); influence of familiarity and spatial complexes on movement (Hölscher and Brösamle, 
2007; Hölscher, Brösamle, and Vrachliotis,  2006); mental representations along with actual 
properties of space (Tversky, 2003); mental map representation and integration of real spatial 
layouts (Kim and Penn, 2004); and spatial predictors for people’s orientation performance with 
a map (Davies, Mora, & Peebles, 2006). A second strand of research has analysed visual fields, 
perception and embodiment (e.g. Psarra and McElhinney, 2014; Turner et al., 2001, Zamari and 
Peponis, 2007) in relation to morphology and layouts, while a last approach examined various 
aspects of human spatial behaviour in various building types by adopting a more empirical and 
behavioural point of view (Sailer, 2007; Sailer and Penn, 2009; Chan, 2007). 

Therefore, it is clear that there are numerous areas of interest and degrees of overlap between 
the analytical description of spatial layout and psychological studies of environment. In fact, 
space syntax seems to provide a coherent framework for describing spatial layouts and thus 
can assist in achieving what Proshansky (1974: 553) stated as the major task for environmental 
psychology, the exploration of the physical “setting as [it] is” and the physical “setting as 
experienced”. Existing research bridging space syntax with psychological studies of environment 
constitutes a growing field which can potentially be enriched by incorporating other aspects of 
human spatial behaviour such as stationary activities and occupancy behaviours. 

2.3. EXISTING SCHOLARLY WORK BRIDGING BETWEEN SPACE SYNTAX AND ENVIRONMENTAL 
PSYCHOLOGY: THE EMPIRICAL INVESTIGATION OF PROSPECT-REFUGE THEORY 

This section reviews key studies that elaborated on prospect-refuge theory by effectively 
combining space syntax methodological tools with concepts form environmental psychology. 
This exploration therefore sets the ground for further methodological advances, while it 
fruitfully furnishes the exploration of seat preference.

The relationship of prospect-refuge is usually examined through associations of the perceptual 
properties of space along with the geometrical properties of an isovist (Dosen & Ostwald, 2015). 
Prospect is usually conceptualised as spaciousness, openness and outlook and thus maximum 
radial length of isovist area. On the other hand, refuge is associated with enclosure and safety 
and thus with the geometry of occlusion and minimum radial length. 

Franz et al. (2004) for instance examined prospect-refuge theory in fictive gallery environments 
by considering jointly perceptual and geometrical properties of space with human responses. 
Specifically, several isovists and visibility graph measures (i.e isovist area, jaggedness and 
symmetry) were produced and tested as predictors of experiential spatial qualities. Those 
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characteristics were then correlated with average affective appraisals of the responders (i.e. 
pleasingness, spaciousness etc.). As argued by the authors, spatial properties were significantly 
correlated with affective appraisals, while perceptual qualities of spatial environment were 
effectively described by isovist analysis and its measures. Likewise, Wiener et al (2007) explored 
prospect-refuge criteria by asking participants to navigate within a virtual art gallery in order to 
find the best location to hide and simultaneously observe. Participants then rated the selected 
location in terms of spaciousness, complexity etc. Those results were then examined in relation 
to isovist area, number of vertices and jaggedness. Results suggest that selected locations were 
characterised by the smallest and largest areas. 

More recently, Dosen, Ostwald, & Dawes (2013) by reviewing existing scholarly work argued 
that isovist measures as well as the ratio of isovist area to room size can allow spatial dimensions 
to be correlated with perceptual features (i.e. openness, enclosure etc.). Specifically, they 
assumed that refuge can be captured when the isovist area is smaller than the room area, while 
prospect can be identified when the isovist area is larger than the room area. They also argued 
about the potential of virtual stimuli to be used for the empirical exploration of prospect-refuge 
theory.  

To summarise, as already argued by Dosen & Ostwald (2015) despite the fact that some studies 
have been conducted elaborating on prospect-refuge theory the findings only provide limited 
support to the validity of the theory. In essence, there is no clear determination which measures 
are the most relevant to this investigation but only some indication that ratios or proportional 
values of isovists perform better with spatial dimensions than simple measures. Generally, the 
built environment is more broadly considered in the existing literature and thus the spatial 
conditions that create the ideal balance between prospect and refuge are still unclear (Dosen 
& Ostwald,2013). 

3. CASE STUDIES AND RESEACH METHODOLOGY 

The coffee shop like settings of three customer lounges in the UK will serve as case studies to 
explore the spatial conditions of seat preference. The selected case studies constitute lobby-
style areas where customers can spend time, come with their guests into relaxing surroundings 
and enjoy free amenities provided. The lounges are also suitable for informal business meetings, 
for community meetings and charity events. All lounges comprise of living areas, low and high 
tables with chairs, areas equipped with plug sockets and refreshment bars. However, the three 
lounges differ in their size, layout arrangements, number of floors, interface with the street, 
and functional allocation. 

The methodology implemented for this study combines on-site observations of customers’ 
behaviours with spatial analysis using space syntax methodological tools. Overall 3 different 
cases (across 6 floors) were observed in 9 days of observation. The methods implemented for the 
onsite observations were designed to capture occupancy patterns, to create a detailed image 
of individuals and groups’ behaviours as well as to reveal customers’ preferences. Therefore, 
the observation methods combine mainly two techniques: 

a) ‘Time-lapse’ observations of customers’ behaviours that counted occurrence of behaviours 
by recording the changes of main customers’ activities. Specifically, every individual or group 
of individuals who arrived together in the lounge were recorded with their seat selection, an 
estimation of their age, their gender, the sequence of their activities as well as the duration of 
their stay. In total 526 people were recorded. 

b) Snapshots that captured occupancy patterns, stationary and moving activities of customers 
and staff members as well as interactions in space. A total of 17 snapshots were conducted for 
every seat. Occupancy was extracted by calculating the number of times a seat was used in 
relation to the total number of observation rounds (n=17). According to Koutsolampros et al 
(2015) occupancy is reasonably representative with around 15 snapshots, since for a majority of 
cases a variation of around 5% could be expected. 



Proceedings of the 11th Space Syntax Symposium

137.6A PROSPECT-REFUGE APPROACH TO SEAT PREFERENCE: 
Environmental psychology and spatial layout 

The data retrieved by the on-site observations were then examined along with the spatial 
analysis of the three layouts across all the floors. Due to the fact that this study focuses on 
local patterns of behaviour and preferences each floor was analysed separately and visibility 
graph analysis (Turner et al. 2001) was applied for permeability, which in space syntax terms 
is a VGA in which the furniture is included in the floor plans and modelled as obstacles. 
Simultaneously, in small quasi-synchronic environments (Peponis and Bellal, 2010) which are 
instantly perceived like the selected case studies, permeability offers potentials in exploring 
Appleton’s prospect-refuge theory by considering individuals’ control of accessibility and not 
visibility. Simultaneously, furniture settings were mapped (n= 158) and classified according to 
their type (figure 1), their spatial attribute, their orientation as well as the presence or absence of 
attractors (visual contact with a TV, a window view, or plug sockets facilities as well as proximity 
to refreshment bars were considered). 

Figure 1 - Furniture type classification

4. SEAT PREFERENCE: SINGLE FACTOR ANALYSIS OF SPATIAL METRICS

Drawing on existing research in the field of environmental psychology and elaborating more on 
space syntax methodological tools, this section aims to shed light on parameters defining seat 
preference. Occupancy patterns, as captured by the snapshot method (figure 2) were examined 
in relation to different attributes assigned to every seat (i.e. furniture type, spatial properties) 
hypothesising that: 

H1:	 Occupancy differs by furniture type, since particular furniture types might be more 
popular than others.

H2a:	 Occupancy is higher for seats that are less integrated (using connectivity and integration). 
Connectivity as a local measure describes the relationship of a space with its immediate 
neighbours (Haq 2003) and therefore size of the accessible area, while integration 
as a global measure describes space as a pattern of global connections. It is tested 
whether people place themselves in locations of strategic local and global permeability 
respectively.

H2b: 	 Occupancy is higher for seats that offer larger visual fields for a seated individual. Isovist 
area captures the size of the visual field of a static individual (Benedikt, 1979) from the 
centre of each seat, and thus measures the ability to see and observe others. A partial 
180° isovist was used to better depict the directionality of human experience.

H2c:	 Occupancy is higher for seats that offer higher spatial eccentricity. Drift Angle, Drift 
Magnitude offer information about the asymmetry of access, and thus can give insights 
whether people prefer higher eccentricity for places of sojourn, while Max Radial can 
describe best the maximum of the farthest distance that people in a given environment 
can accesses from the vantage point. 

H2d: 	 Occupancy is higher for seats that maximise an individual’s prospect while minimising 
others’ accessibility (providing refuge). Three different ratios were calculated combining 
properties of the partial isovist (prospect) with overall accessibility measured by 
connectivity (refuge): isovist area / connectivity (ratio 1), drift magnitude / connectivity 
(ratio 2) and maximum radial / connectivity (ratio 3).
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Figure 2 - Density maps for overall occupancy patterns produced by snapshot method - denser shade 
represents more popular seats

Firstly, the distinct furniture types (figure 1) were plotted against seat occupancy to investigate 
differences in popularity by furniture type. The analysis of variance (ANOVA) illustrated a 
moderate and significant correlation of variance (R2=0.29 p<0.001), which indicates that 
furniture type plays a role for seat selection but is not the main driver. The analysis highlighted 
that people preferred more comfortable seating; specifically, a distinct preference for individual 
armchairs emerged since this type of furniture recorded the highest mean occupancy (46% for 
type 2 and 46% for type 4). Sofas as well as booth areas illustrated average occupancy levels 
close to 40%. The least preferred furniture type was the entrance bench.



Proceedings of the 11th Space Syntax Symposium

137.8A PROSPECT-REFUGE APPROACH TO SEAT PREFERENCE: 
Environmental psychology and spatial layout 

ONEWAY ANALYSIS OF OCCUPANCY BY FURNITURE TYPE

n=158                                R2=0.29                    p<0.001
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Figure 3 - Mean (ANOVA) of occupancy with furniture types

In order to investigate the second set of hypotheses (H2a-2d) occupancy was correlated with 
several space syntax metrics. Table 1 summarises R2 and p values for all spatial variables tested. 
All spatial variables tested apart from the isovist area, drift angle and drift magnitude illustrated 
significant positive correlations but with very small size effects. This means that occupancy 
rose for instance with rising connectivity, pointing to the fact that space users preferred larger 
areas to sit in, however, in this case just under 10% of the variance in occupancy is explained by 
connectivity. This warrants further investigation.

H2a H2b H2c H2d

Integra-

tion (HH)

Connec-

tivity

Isovist 

Area

Isovist 

Max 

Radial

Isovist Drift 

Magnitude

Isovist 

Drift 

Angle

Ratio A 

(Isovist 

Area/Con-

nectivity)

Ratio B 

(DriftMagn./

Connectivity  

Ratio C (Max-

Rad./Connec-

tivity

R2 0.03 0.10 0.00 0.00 0.002 0.00 0.06 0.075 0.038

p 0.04 <0.001 0.63 0.99 0.610 0.77 <0.001 <0.001 0.015

Table 1 - R2 and p-values for correlation of spatial variables with occupancy
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5. SEAT PREFERENCE: SPATIAL METRICS ALONG WITH SEAT ORIENTATION AND 
‘ATTRACTIVENESS’ 

The relationship between occupancy and spatial variables was tested further in combination 
with seat orientation and seat ‘attractiveness’. More specifically, based on insights from 
environmental psychology (Mehrabian and Diamond 1971, Sommer 1962) this research tested 
the role of ‘directness’ in seat preference. Therefore, four categories of furniture directness 
were defined (Figure 4). Categories for directness were classified as 0, 1, 2 and 3, where (0) 
directness refers to pieces of furniture that face away from a corridor (and thus movement 
flow); directness (1) is assigned to seats that have direct, straight ahead visual contact with the 
main corridor; directness (2) represents immediate side-by-side directness; and directness (3) 
refers to seats that have a distanced side-by-side directness with corridors. 

Figure 4 - Categories of furniture directness

The table below summarises the results of the correlation of occupancy with the spatial 
variables that produced significant results earlier, now clustered by all types of directness. At 
first sight, it can be seen that in some cases the introduction of the directness factor resulted 
in better correlations of variables which indicates the fact that directness of the visual field 
of a seated individual along with spatial variables might be worth considering jointly in the 
exploration of seat preference. In detail, seats with directness 3, i.e. those with corridors to the 
side in some distance away show larger effects for connectivity and integration (up to 27% of 
variance explained), meaning that users more clearly prefer highly integrated and larger areas 
in this case.
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OCCUPANCY – SPATIAL VARIABLES (GROUPED BY DIRECTNESS)

Variables Tested R2 P value n

Occupancy – Connectivity 0.09 <0.001 158

Occupancy – Connectivity (D0) 0.09 0.049 32

Occupancy – Connectivity (D1) 0.19 0.002 41

Occupancy – Connectivity (D2) Insignificant results

Occupancy – Connectivity (D3) 0.27 0.003 31

Occupancy – Integration 0.03 0.046 158

Occupancy – Integration (D0) Insignificant results

Occupancy – Integration (D1) Insignificant results

Occupancy – Integration (D2) 0.15 0.013 33

Occupancy – Integration (D3) 0.24 0.005 31

OCCUPANCY – SPATIAL VARIABLES (GROUPED BY DIRECTNESS)

Joint Variables Tested R2 P value n
Occupancy – Ratio (sovist Area / Connectivity) 0.06 0.002 158

Occupancy – Ratio A  (D0) Insignificant results
Occupancy – Ratio A  (D1) 0.22 0.001 41

Occupancy – Ratio A  (D2) Insignificant results

Occupancy – Ratio A  (D3) Insignificant results

Occupancy – Ratio B (Drift Magnitude /  Connectivity) 0.08 <0.001 158

Occupancy – Ratio B  (D0) Insignificant results

Occupancy – Ratio B  (D1) 0.16 0.006 46

Occupancy – Ratio B  (D2) Insignificant results
Occupancy – Ratio B  (D3) 0.19 0.015 31

Occupancy – Ratio A (Max Radial / Connectivity) 0.04 0.015 158
Occupancy – Ratio C (D0) 0.15 0.014 40
Occupancy – Ratio C  (D1) 0.15 0.014 40
Occupancy – Ratio C  (D1) Insignificant results
Occupancy – Ratio C  (D2) 0.1 0.004 41
Occupancy – Ratio C  (D3) 0.11 0.022 31

Table 2 - Correlations of occupancy with spatial metric clustered by furniture directness
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Secondly, the role of attractors in seat preference was explored, since customers’ qualitative 
feedback revealed that there are different seat preferences depending on attractors. 

Table 3 illustrates the correlation of occupancy with spatial variables clustered by seats with and 
without attractors. What becomes obvious at first sight is that correlations between occupancy 
and spatial variables for seats with attractors became insignificant or showed an even smaller 
R2 as compared to the already weak baseline of R2 =0.04 for all seats. In contrast, correlations 
for seats without attractors were strengthened (R2 up to 0.25). Thus, it could be argued that 
spatial variables appear to drive occupancy levels to a certain extent but only if no attractors 
are present. This illustrates the special role of attractors for seat positioning, since it illustrates 
that seats with attractors are chosen because of their attractiveness. This is consistent with 
previous studies in office environments which showed that movement not only evolves from 
spatial configuration, but also from strategic placement of facilities (Sailer, 2007). In fact, 
“movement in workplace environments actually evolves not only from spatial configuration, 
but also from levels of programming and strategic decisions on how to distribute functions and 
central resources” (Sailer and Penn, 2009, p. 095:5). 

OCCUPANCY – SPATIAL VARIABLES (GROUPED BY ATTRACTORS)

Variables Tested R2 P value n

Occupancy – Connectivity 0.09 <0.001 158

Occupancy – Connectivity (Seats with Attractors) 0.04 0.029 109

Occupancy – Connectivity (Seats without Attractors) 0.25 0.002 49

Occupancy – Integration 0.03 0.046 158
Occupancy – Integration (Seats with Attractors) Insignificant results

Occupancy – Integration (Seats without Attractors) 0.08 0.037 49

Occupancy – Ratio A (isovist/connectivity) 0.06 0.002 158

Occupancy – Ratio (Seats with Attractors) 0.04 0.049 109

Occupancy – Ratio (Seats without Attractors) 0.16 0.005 49

Occupancy – Ratio B (Drift Magnitude / Connectivity) 0.08 <0.001 158
Occupancy – Ratio B (Seats with Attractors) Insignificant results

Occupancy – Ratio B (Seats without Attractors) 0.23 <0.001 49

Occupancy – Ratio C  (Max Radial / Connectivity) 0.04 0.015 158
Occupancy – Ratio C (Seats with Attractors) Insignificant results 109

Occupancy – Ratio C (Seats without Attractors) 0.23 <0.001 49

Table 3 - Correlation of occupancy with spatial variables clustered by attractors
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In summary, this section rendered individual preference as a rather complex phenomenon. 
Despite the fact that none of the tested variables were able to explain much of the variation 
in occupancy, the significance of their relationship illustrated that they are worthy of further 
exploration. Equally important, the fact that spatial metrics seemed to correlate better with 
occupancy when clustered either by furniture directness or by attractors revealed that various 
factors might work together in determining seat preference. Lastly, it can be seen that joint 
metrics (ratios) show promising results. This point seems to coincide well with Dosen & 
Ostwald’s (2015) investigation on studies exploring prospect-refuge where they concluded that 
ratios or proportional values of spatial variables seem that relate better with spatial dimensions 
than pure metrics. 

6. SEAT PREFERENCE AS A COMPLEX PHENOMENON: MULTIPLE REGRESSION 
ANALYSIS  

Based on the insights retrieved by the previous section, this research assumes that a multiple 
regression analysis will be able to explore seat preference more precisely. Specifically, due to 
the fact that multiple regression considers all variables at once, it allows an explicit control 
of many factors that might affect a dependent variable and therefore the strength of each 
independent variable can be evaluated. In the multiple regression analysis conducted for this 
study the dependant variable was occupancy, while the explanatory variables were all spatial 
metrics, furniture types and furniture directness. 

Multiple regression was first applied for spatial variables in order to examine the role of spatial 
configuration for seat preference. Spatial variables were first tested for collinearity, so as 
to identify whether some of them correlate with each other and thus cannot be considered 
together in a multiple regression. As expected none of the spatial variables was able to explain 
much of the variation of occupancy. Therefore various examinations of all contributing factors 
were conducted.

Table 4 illustrates the two best produced models that resulted in the best fit. In both cases 
spatial variables (integration and ratio A in first case and integration and ratio B in the second 
case) were examined along with furniture type and furniture directness. As it can be concluded 
by both models, 41% of variation of occupancy can be explained by considering simultaneously 
spatial variables and furniture’s attributes (i.e. type and directness). In both cases, the joint 
spatial variable proved to be the most important factor in predicting occupancy, since they 
have a coefficient of 1.44 in first case (ratio A) and 12.19 in the second case (ratio B)1 . This 
indicates the fact that first and foremost people prefer seats that allow them to maximise their 
own ability to access space while controlling for being accessible (low connectivity) (Appelton, 
1975). More specifically, every 1 unit change in ratio A results in a 1.44 increase in occupancy, 
while every 1 unit change in ratio B results in a 12.19 increase in occupancy.2

In both cases, the categorical variables (i.e. furniture directness) were classified by considering 
D0 as the baseline. This means that the coefficient of each directness type (D1,D2 and D3) 
indicates its popularity in relation to D0. All directness variables were significant, while 
directness 2 was the least preferred and D0 the most popular since all other coefficients were 
negative. Regarding furniture types, low chairs (type 6) were considered as the baseline. It was 
found that furniture type (7) and furniture type (9) were not significant, while armchairs (type 2 
and 4) appeared to have the highest positive influence on occupancy.

1	 The much higher value of the coefficient of ratio B is due to the fact that numbers for drift magnitude are much 
smaller.

2	 Due to the different order of magnitude values (drift magnitude ranges from 0.41 to 8.70, while isovist area ranges 
from 2.54 to 106.28), the coefficients appear different, but are in fact comparable.
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1st Model 

Independent Variables B(SE) Beta

Ratio A (Isov./Connectivity) 1.44 (0.401) 0.28***

Integration -0.01 (0.003) -0.21***

F1 0.12(0.057) 0.15*
F2 0.22(0.047) 0.40***
F3 0.13(0.053) 0.21**
F4 0.23(0.077) 0.22**
F5 0.16(0.048) 0.30**
F7 0.10(0.053) 0.02
F8 -0.19(0.071) -0.21**
F9 -0.74(0.060) -0.90
D1 -0.14(0.047) -0.32**
D2 -0.12(0.043) -0.26**
D3 -0.19(0.050) -0.372***

2nd Model

Independent Variables B(SE) Beta

Ratio B (Isov.Drift Magnitude/Connectivity) 12.19(3.541) 0.28**

Integration -0.01(0.003) -0.17*

F1 0.08(0.058) 0.11
F2 0.21(0.047) 0.39***
F3 0.12(0.053) 0.18*
F4 0.22(0.077) 0.21*
F5 0.15(0.049) 0.28*
F7 0.01(0.056) 0.01
F8 -0.20(0.070) -0.22**
F9 -0.11(0.061) -0.17*
D1 -0.12(0.046) -0.28**
D2 -0.11(0.042) -0.23**
D3 -0.18(0.049) -0.35***

Notes: 
Dependent Variable: Occupancy 
R2=0.414
*p<.05, **p<.01, ***p<.001

Notes: 
Dependent Variable: Occupancy 
R2=0.410
*p<.05, **p<.01, ***p<.001

Table 4 - Multiple Regression Analysis, 1st and 2nd Model 
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Overall, this section illustrated that seat preference is a complex phenomenon that cannot 
be fully explained by a single factor analysis, since there are various variables that contribute 
to the popularity of a seat in an entangled way. At the same time, it illustrated that joint 
metrics proved to be better predictors of prospect-refuge in small quasi-synchronic spatial 
environments. However, this investigation gives insights only into collective patterns, since 
it explains occupancy as a collective phenomenon without taking individuals and different 
responses to spatial layouts into consideration (Montello, 2007). 

8. CONCLUSIONS 

This paper aimed to provide a theoretical and methodological framework to conceptualise and 
quantitatively examine the way physical environment affects human preferences by drawing 
on concepts from the field of environmental psychology and space syntax theory. Based on the 
review of existing literature, this paper builds on existing research bridging the space syntax 
approach and environmental psychology studies by providing an additional point of exploration 
which proposes a more explanatory and empirical approach for the examination of stationary 
activities. 

Evidence from the empirical case studies shed light on the conditions that affected seat 
occupancy patterns. In detail, the analysis has highlighted the critical role of the spatial layout, 
furniture types, furniture directness as well as attractors for seat selection. It was highlighted 
that 41% of the variation in occupancy can be explained by spatial control, furniture types 
and seat orientation. The most important factors in predicting occupancy were indeed spatial 
variables: the degree to which a seat allows accessibility control, i.e. seeking to maximise 
accessing while minimising being accessible by others. Both joint metrics (ratio A of 180° isovist 
area to connectivity and ratio B of drift magnitude to connectivity) relate to the psychological 
concept of the balance between refuge and prospect, first suggested as important to human 
behaviour by Appleton in the 1970s.

Limitations of the study include a restricted number of observations, yet the small sample size 
is large enough to draw conclusions. Ideally this study would be repeated in other lounges and 
thus provide a larger empirical base for the comparative examination of seat preference in 
space. Extending the approach into other related types of spaces where people are faced with 
decisions on seat choices would be worthwhile, for instance in airports, cafes and restaurants 
(building on the work of Chan 2007), but also in co-working spaces (building on the work of 
Kueasirikul 2014), since seat preference in other cases and conditions might differ. Further 
studies could also investigate the interplay between individual preference and identity, focusing 
more explicitly on the diversity of space users and their demographic differences. It would be 
interesting to see the effect of collective patterns and ‘generic functions’ of space (Hillier 1996) 
on individual preference and identity by investigating whether space works in the same ways 
for different types of users. A larger sample size would be an essential foundation for these 
questions. Exploring additional spatial conditions such as already occupied seats and spatial 
densities would be worthwhile too. 

In summary, this paper has built on scholarly work bridging between space syntax and 
environmental psychology (Montello 2007, Franz and Wiener 2008; Peponis and Wineman 
2002), but rather than exploring movement flows in the shape of cognition (Conroy Dalton 
2005), wayfinding (Carlson et al 2010, Hölscher et al 2006 and 2012) and pathways (Dawes 
and Ostwald 2014), it investigated stationary activities and where people prefer to sojourn. 
Secondly, the work of Ostwald (2013) on the syntactic qualities and measurement of refuge-
prospect balance has been extended by suggesting a new metric based on the ratio of 180° 
isovist area and connectivity, which seems to capture both psychological needs of refuge and 
prospect at the same time. 
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ABSTRACT

Throughout the human experience, various memory systems code the environmental context 
with selective processes and transfer these coded information to the long term memory. 
Long term spatial memory relates merely to the spatial information; and is studied through 
such concepts as schema, schemata, mental map or cognitive map in various disciplines. 
Many theories indicate that cognitive maps are the representations of real space ensuring the 
individual a total understanding of his/her environment. They are not reciprocal to real space 
and they constantly develop a multidimensional structure over topological relations where 
every point is connected to the other points like a net. Moreover, autobiographical memory 
researches revealed that recalling performance of an individual is dependent on the factors of 
age, life period and the elapsed time after the recalled experience. On the basis of these facts, 
two basic questions are asked: (1) if age and/or time are significant factors over the ongoing 
restructuring of the cognitive maps, and (2) how can we investigate and reveal the effect of 
these factors analytically? 

In this paper, the time factor on the structuring of cognitive maps is investigated through the 
participant’s age and the spatial configuration of the represented space. Inspired from Kim 
and Penn’s (2004) study, a methodology is designed over the spatial syntax analysis of the 
cognitive maps. The research group is composed of 52 male graduated students of a prominent 
secondary school, whom belong to three age ranges (23-39, 40-65 and 65-75) that regard to 
the three adulthood life periods. In order to collect the cognitive data, every participant is 
asked to draw a sketch of the ground floor of his school building in two successive sessions. 
Each cognitive map is analysed through its convex map (1) to define the number of recalled 
spatial units in each session, and (2) to calculate the syntactic values of depth, mean depth and 
syntactic step. The correlations show strong negative relations between the age and syntactic 
values, and between the age and contents of spatial units. These results approve the memory 
theories and show that age and time are significant factors over the restructuring of cognitive 
maps. In addition to that, this study presents that space syntax analyses are adaptive tools for 
spatial memory and autobiographical memory researches, most particularly for the one’s that 
focuses on the time factor.
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Architecture, Cognition, Cognitive Map, Spatial Memory, Spatial Configuration
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1. INTRODUCTION

Among the many characteristics of the human kind distinct from animals, the ability to store 
countless long term memories concurrently and permanently can be regarded as the most 
significant. We learn and never forget that a lion is dangerous, our house is on the North, snow 
will fall in winter or our teacher has got glasses. The mental system that develops, stores, relates 
and uses these information is called ‘memory’. In the simplest term, our memory enables us to 
make a mental time travel to our past, to remember what to do and how to do in our daily life 
and to use the knowledge of our previous experiences when necessary. 

In this paper, the time factor on human memory is researched through spatial memory and its 
representation as a cognitive map. Regarding this scope, the theoretical background is focused 
on the basic characteristics of human memory, the spatial memory, the cognitive map concept 
and their relation with time factor.

Human memory has been theorized through different memory systems. Atkinson and Shiffrin’s 
multiple memory system model called Modal Model is one of them that comprises many 
characteristics of the other models in 1960’s and it still represents the basic characteristics of 
the current models (Goldstein, 2011). It has three basic components as Sensory Memory, Short 
Term Memory and Long Term Memory that code, store and use the information obtained from 
the environmental context through selective processes. It also includes the control operations 
(such as attention, encoding, recall, rehearsal) that transmit information between these 
components. Along these, short term memory concept was the one that has been improved 
and today Baddeley’s Working Memory model is widely accepted instead.

Sensory Memory is the entrance door of memory where the environmental data is collected by 
human senses (defined as visionary, auditory, olfactory, gustatory, tactual, muscular, organic 
and vestibular), in which visual and auditory senses are approved as the primary senses (Ozak, 
2008). It stores massive information of environmental stimulus in a really short time but on 
the other hand that information fades away rapidly in seconds (Goldstein, 2011). Working 
Memory stores a little amount of information for a short time period (for minutes) and has 
four components. The Phonological Loop and Visuospatial Sketchpad are associated to the 
primary senses and code information, Central Executive directs the operation of information 
and Episodic Buffer stores the information. Part of this information in working memory is 
transferred to the Long Term Memory and the rest of the information gets lost in time.

Long Term Memory is the third and last component of human memory and it codes, stores and 
recalls information for long time periods. There are two types of Long Term Memory; (1) Explicit 
Memory, (2) Implicit Memory (Nelson and Fivush, 2004). Implicit Memory has four types of 
memory -Priming, Procedural memory Simple Classical Conditioning and Nonassociative 
Learning- that holds and processes general information without a sense of past, an intention 
or human consciousness (Smith and Kosslyn, 2014).  Explicit Memory has two types of memory 
that can collect the information of recent memories; (1) Episodic Memory stores the memories 
which we can recall consciously, make us travel back in time and has a spatial context, and (2) 
Semantic Memory stores general information that is not connected to any spatial-temporal 
context (Goldstein, 2011). Today, it is acknowledged that these two types of Explicit Memory 
are working together to support each other and episodic memory is being used to generate 
semantic memory information (Ryan et al., 2008). Additionally, Autobiographical Memory is 
also a type of declarative and explicit memory but it is not a defined component of the Long Term 
Memory model. It includes memories of some specific subjectively/bodily coded experiences in 
the past that are recalled only from a subjective perspective (Nelson and Fivush, 2004). 

In the context of these memory theories it should not be forgotten that human memory is not a 
recording system. Memory is obliged to be deformed/transformed (Smith and Kosslyn, 2014). 
Different kinds of this memory reconstructions/distortions are handled under the concept of 
Source Monitoring in which information from different experiences are used to fill a gap during 
the recalling of another experience (Goldstein, 2011). Source monitoring error is another kind of 
memory reconstruction where the source is misidentified by mechanisms such as suggestion, 
bias or misattribution. Bartlett’s The War of the Ghost’s experience could be taken as the most 
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basic example in this context and shows clearly that human memory reduces, distorts or 
transforms the information during the recalling process. 

On the other hand, Autobiographical Memory researches revealed many kinds of memory 
reconstructions depending on the factors of age, life period and the elapsed time after the 
recalled experience. For instance, the flash memory researches show that the information 
coded during the experience of an important public event are transformed or go missing when 
recalled as a memory (Bauer et al., 2012). Many researches within the age range of 12 to 70 also 
indicate that recent memories are always easier to recall in every period of human lifecycle 
(Rubin, 2000).  In addition to that, researches with adults show that the memories coded in late 
adolescence and early adulthood periods are more than the other periods numerically (Conway 
and Pleydell-Pearce, 2000). Also Sebba’s (Morgan, 2010) research presents that the childhood 
memories are reconstructed and reinterpreted to a degree when recalled in adulthood. All 
these findings and theories clearly show that memory is not a copying device, it is continuously 
changing, it is not strongly constructed and therefore it is always open to reconstruction. 

1.1 SPATIAL MEMORY AND COGNITIVE MAPS

Within this debate, the spatial information in memory has its own theoretical field under the 
concept of Spatial Memory that involves the Long Term Memory systems in conjunction with 
the Working Memory systems. In this context, the spatial information is mainly formed with 
the stimuli coded by Visuospatial Sketchpad which is considered to be activated when the 
surrounding information is categorized into colour, shape and spatial position (Kokubo et al., 
2012); and then transferred to Long Term Memory. The recalling of spatial information from 
Long Term Memory is defined as Visual Imagery, the ability to create a sensory environment in 
mind using many mental functions such as perception, memory and thinking. Pylyshyn (Smith 
and Kosslyn, 2014) propose that visual imagery is similar to linguistic representations and is 
based on symbolic representations like letters or numbers which are independent from the real 
object. On the other hand, Kosslyn (Smith and Kosslyn, 2014) suggests that each feature in a 
spatial representation in mind correspond to a feature of the real object and spatial location is 
one of these features. 

Spatial Memory concept usually defines merely the spatial information, independent from 
colour, emotions, sounds, etc. It is about objects, their locations and their relationships, which 
further relates to previously mentioned visual imagery definition of Kosslyn (Smith and Kosslyn, 
2014). Still, Kosslyn’s prominent research experiments about visual imagery is not adequate 
to explain all kinds of spatial memory. They are limited to object scale and ignore the oral 
representation of a visualized space in which a person can represent the memories details more 
clearly. Theories handling the spatial information in larger scales (such as buildings, urban area 
or natural environment) and with wider perspective (such as physical attributes or participants) 
are within various other disciplines such as environmental psychology, architecture, philosophy, 
geography or urban planning. Among these theories the cognitive map theory is the closest 
one to spatial memory depending on its focus on the representation of real space in the mind, 
or in other words in the long term memory.  

Cognitive map concept is studied under many other concepts such as Spatial Schema (Gattis, 
2001), Mental Space (Tversky, 2003), Cognitive Collage, Spatial Mental Model (Tversky, 1993), 
Cognitive Space, Spatial Cognition (Penn, 2003) and Schema (Hart and Moore, 1973). Still, there 
is a consensus on the definition of the cognitive maps as the representations of real space that 
ensures the individual a total understanding of his/her environment (Kaplan, 1973; Kuipers, 
1978). They are structured by organizing the spatial information gained from the environment 
during an experience or by using spatial information gained from different experiences or other 
sources of information (Cooper and Lang, 1976). Every cognitive map is unique, not reciprocal 
to real space, deformed, unstable and open to reconstruction (Downs and Stea, 2011; Kaplan, 
1973). They have a multidimensional structure over topological relations where every point 
is connected to the other points like a net and they are constantly being reconstructed and 
developed in memory by adding new information from the ongoing experiences. 
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All of these definitions indicate that cognitive maps are parts of a more complex memory 
system which correspond mostly to the episodic memory depending on its distinctive ability 
to store spatial context of an experience. It includes the cognitive processes of acquiring, 
coding, storing, recalling and decoding of information about relative locations and other spatial 
attributes (Downs an Stea, 2011). In this respect, cognitive maps can also be considered as 
memory systems that are obliged to be deformed/transformed and time can be considered as 
a significant factor on the reconstruction of cognitive maps. 

Depending on this theoretical background that combines memory theories with environment 
and behaviour theories; two basic questions are asked in this research. The first question is if age 
and/or time are significant factors over the ongoing restructuring of the cognitive maps; and the 
second question is how can we investigate and reveal the effect of these factors analytically? 

Inspired from Kim and Penn’s (2004) study, a methodology is designed to answer these questions 
through a person’s age and the spatial configuration of the space that he/she remembered. 
The data regarding to the remembered space is collected through the syntactic analysis of 
cognitive maps and its relation with personal age is analysed through correlation tests. In the 
next section, the case study environment and the research method regarding this methodology 
are presented in detail. 

2. CASE STUDY AND METHODS

In this paper, the time factor on the structuring of cognitive maps is investigated through the 
participants’ age and spatial analyses of the cognitive maps they have drawn. In this section, 
the case study environment, the participants and the method are presented.

2.1 CASE STUDY ENVIRONMENT

In regard to the theoretical background, the characteristics of the case study space is 
determined as a public building experienced recurrently by its participants during a specific 
period of life. Based upon the autobiographical memory theories, the life period is selected 
as late adolescence; one of the most recalled periods of life, to obtain the most qualified data. 
School buildings were accepted as the first potential subject in that case, depending on their 
repeatedly use by the students on daily bases for three to eight years.

The case study subject is designated as the building of a prominent high school in Istanbul 
which has been used as an educational facility for the same institution for 83 years. The building 
was designed by Alexander Vallaury for Ottoman Public Debt Administration and opened in 
1896 as the most prestigious building of its age (Figure 1). After the closure of Ottoman Public 
Debt Administration in 1928, the building was transferred to Istanbul High School (commonly 
known as Istanbul Male High School) in 1933. The building is located in Eminonu, over a steep 
site sloped towards the Golden Horn. The plan of the main block is grounded on a rectangle 24 
meters to 106 meters which expands to 48 meters to 120 meters with the expansions (Figure 2). 
It has two basement floors, one ground floor, two middle floors and a roof floor. 

The plan schema is shaped around a main hall and a main corridor intersecting at the centre of 
the building. The classrooms and laboratories line up on the long edges of the main corridor. At 
the short edges, there are wide classrooms in the form of a half octagon. The four towers at the 
four corners of the main corridor are used as one or two classrooms in each floor. At the front 
façade, there is an entrance with a portal and a three floor height wide hall with marble stairs. 
On the opposite side, there is a main hall and an octagonal tower. Inside the tower, there is a 
canteen in the ground floor, administrative offices in the first floor and a lounge room in the 
second floor. There are classrooms, laboratories, wet cores and administrative rooms in the 
first and second floors. In the first basement floor there are classrooms, a gymnasium, chancing 
rooms, an atelier and club rooms; and in the second basement there are technical rooms and a 
closed Byzantium cistern.
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Figure 1 - Front view of the school building (Photograph by Tansel Atasagun)

Figure 2 - The convex space schema of the ground floor plan

The case study focuses on the ground floor of the building which is one of the two most used 
floors by students (Figure 2). The floor has 59 defined spatial units including classrooms, 
laboratories, halls, corridors, canteen, administrative rooms, service spaces and a wet core. The 
stairs and mezzanine inside the canteen space are also defined as spatial units to present the 
total syntactic structure of the space and the cognitive maps representing it.
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2.2 PARTICIPANTS

The research group is composed in accordance with Erikson’s Theory of Psychosocial 
Development that defines eight developmental periods in life as infancy (0-2), early childhood  
(2-4), preschool age (4-5), school age (5-12), adolescence (13-19), early adulthood (20-39), 
middle adulthood (40-64) and maturity (65+) (Newman and Newman, 2014). In regard to the 
scope of this paper that focus on the Long Term Memory systems and to avoid the effects of 
cognitive differences appear between life periods, all of the participants are selected from 
one period, the adulthood. Additionally, the research group was divided into three age groups 
in regard to Erikson’s sub periods of adulthood to evaluate the outcomes in the grounds of 
Autobiographical Memory theories. 

The research group is composed of 52 adult male participants whom had high school education 
in the case study environment. The three age groups of the case study are defined as first- early 
adulthood, second-middle adulthood and third- maturity according to their age range. To rule 
out recent graduates’ advantage on recall, the bottom age value of the first group is specified 
as the college graduation age (23), the time when an equivalent experience of an educational 
building has been completed. 

Regarding to these constraints; first group includes 15 male participants between the ages of 
23 and 39 (average is 32,46), second group includes 30 male participants between the ages of 
40 and 64 (average is 53,36) and the third group includes 7 male participants between the ages 
of 65 and 75 (average is 69,10).

2.3 METHODOLOGY

In order to collect the cognitive data, every participant was asked to draw the plan schema of 
the ground floor of his school building in two successive sessions that lasts for five minutes. 
In the first session the participants used black pencil and in the second session they used red 
pencil. The black and red colours are regarded as indicating the specific differences in drawing 
periods of each participant and those differences’ effect on the number of recalled spatial units.  

The data has been generated from two types of analyses of these cognitive maps: 

1. Spatial Unit Analysis: This analysis focuses on the contents of spatial units of the cognitive 
maps. The number of spatial units drawn with black pencil are defined as “Recalled in First 
Order” (RO1), the number of spatial units drawn with red pencil are defined as “Recalled in 
Second Order” (RO2) and the sum of these two values is defined as “Total Number of the 
Recalled Spatial Units” (RT). The RO1 and RO2 values focus on the act of drawing a cognitive 
map and aim to reveal if the time period of drawing effects the contents of spatial units in a 
cognitive map. 

2. Syntactic Analysis: This analysis focuses on the syntactic relationships between the spatial 
units drawn in each cognitive map. The structure of cognitive maps mostly represent the 
topological relations of spatial contexts like a net, independent from the metric or directional 
properties of that context, such as length or area. On the basis of this structure, the most 
fundamental spatial relations of the cognitive maps are analysed through justified graphs 
generated from the convex maps of each cognitive map. Convex maps present the minimum 
number of convex spaces in a system and a convex space is defined as a space in which any line 
connecting two points does not cross its perimeter (Klarqvist, 1993). As a rearranged graph of a 
convex map, Justified Graphs represent every convex space with a node and every connection 
between two nodes with a line. 

At the beginning of the syntactic analysis, (1) the convex map of the ground floor plan was 
developed to identify the spatial borders of each spatial unit and (2) the root node of the 
justified graphs was designated as “Z0-Entrance” space (Figure 2). The justified graphs of 52 
cognitive maps are generated normatively with regard to these spatial borders and the defined 
root node (Figure 3).  
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Three basic syntactic concepts are calculated from these justified graphs; Depth, Mean Depth 
and Syntactic Step. Depth value represents the sum of the connections that links the root node 
to all the other nodes in the graph and Mean Depth value is the algebraic function of Depth 
value from all the other nodes in the graph (Peponis and Wineman, 2002). Both of these values 
present how much syntactic data is represented in a cognitive map in relation to the number of 
recalled spatial units. As the third concept, Syntactic Step is regarded as the maximum number 
of connections that link a node to the root node. This value presents how deep a spatial system 
is recalled independent from the number of spatial units it comprises.

Figure 3 - Syntactic analysis graph of a cognitive map, Participant No:1, Age: 30.

The aim of this case study is searching the time factor on the structure of cognitive maps. 
In accordance with that, the numerical change in the content of spatial units and syntactic 
values of cognitive maps are analysed and their relations with the participant age are searched 
statistically through correlation tests. The outcomes are interpreted according to the age 
groups representing the life periods of the participants to understand the results in regard to 
the long term memory theories.

3. RESULTS

All of the 52 male participants had successfully drawn the cognitive map of the ground floor 
plan. All six values representing the spatial content and the syntactic characteristics of the 52 
maps are calculated through spatial unit analysis and a calculation table. The basic descriptive 
graphics demonstrate that these values tend to decrease as the participant age increases 
(Figure 4 and Figure 5).

The statistical relationships between these values and the time factor are tested with correlation 
tests using the IBM SPSS Statistics software. 

Firstly, bivariate correlation tests are conducted between the participants’ real age and Spatial 
Unit Analysis values of the cognitive maps to understand the relationship between the age of 
the participant and how much is recalled from that specific environment independently from 
the syntactic properties of it.  
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Figure 4 - Graphics representing the changes in RO1, RO2 and RT values according to Participant’s Age

Figure 5 -  Graphics representing the changes in Depth and Mean Depth values according to Participant’s Age
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As shown in Table 1, RO1 value has a low correlation (r = -0,278) with the participant’s real age 
in negative direction. Figure 6 shows this correlation as a scattergram in which the number 
of units Recalled in First Order are not tightly distributed along the line (R2 = 0,077) but still 
decrease significantly as the age of the participant increases (p = 0,046). RO2 value also shows 
correlation (r = -0,340) with the participant’s real age in negative direction. This indicates that 
the number of the spatial units recalled in the second five minutes also decrease as the age of 
the participant increases and this relationship is significant (p = 0,014) in the 0,05 level. The 
difference in the correlation levels of RO1 and RO2 reveals the difference between participants’ 
time periods of drawing. Nineteen of the thirty participants in the second age group and six 
of the seven participants in the third age group finished their map in the first five minutes so 
that these cognitive maps do not offer any RO2 data. The zero values of these participants 
have changed the correlation level but do not affect the general outcome. The third and last 
content value RT also shows correlation (r = -0,574) with the participant’s real age in negative 
direction. The total number of the recalled spatial units in cognitive maps decrease significantly 
(p = 0,000) as the participants’ age increase (Figure 6). This negative correlation approves the 
first two correlations and shows that the drawing sequence of the spatial units has a weaker 
relationship with the participant’s age than the total spatial information represented in a 
cognitive map. More importantly, this correlation shows that the amount of spatial information 
recalled decreases significantly as an adult gets older. 

Correlation 
Age – RO1         
Recalled in First Order

Age – RO2               
Recalled in Second Order

Age – RT                                                              
Total Number of the Recalled Spatial Units 

r = -0,278 r = -0,340 r = -0,574

p = 0,046 < 0,05 p = 0,014 < 0,05 p = 0,000 < 0,05
  
Table 1 - Correlation between Participant’s Age and cognitive maps’ content values

Figure 6 - Scattergram between Recalled in First Order and Participant’s Age; Scattergram between Total 
Number of the Recalled Spatial Units and Participant’s Age

Secondly, bivariate correlation tests are conducted between the participants’ real age and 
Syntactic Analysis values to understand the relationship between the age of the participant and 
the basic syntactic characteristics of his cognitive map representing a specific environment. As 
shown in Table 2, Depth, Mean Depth and Syntactic Step values of the cognitive maps show 
higher negative correlation than the RO1, RO2 and RT values of cognitive maps.  

The highest correlation is seen for Depth value (r = -0,577) in negative direction and it is shown 
in Figure 7 as a scattergram. This correlation indicates that adding the syntactic step values 
of every unit as a factor to the total number of the spatial units value slightly strengthens the 
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correlation with participant’s real age. The Mean Depth value also shows correlation (r = -0,408) 
in negative direction with the participant’s real age and approves the Depth value’s correlation. 
Addinitonally, the Syntactic Step value itself has a negative correlation (r = -0,421) with the 
participant’s age. This correlation is significant (p = 0,002) at 0.05 level and indicates that syntactic 
characteristic of a cognitive map has a strong negative relationship with the participant’s age 
independent from the spatial unit count in each syntactic step (Figure 7). In other words, even 
the number of the recalled units may change, the depth levels of the cognitive maps decrease 
as the age of the participants increase. This result partly depends on the missing of the deeper 
spatial units, the units that are farther from the entrance both metrically and topologically (e.g. 
private wet cores, laboratory storages or classrooms at the corners), from the cognitive maps. 
This reveals that the deeper spatial units from the entrance mostly got erased from the memory 
as the participants get older and the shallow spaces successfully continue to keep their places.

Correlation Age - Depth Age - Mean Depth Age – Syntactic Step 

r = -0,577 r = -0,408 r = -0,421

p = 0,000 < 0,05 p = 0,003 < 0,05 p = 0,002 < 0,05
  
Table 2 - Correlation between Participants’ Age and cognitive maps’ syntactic values

Figure 7: Scattergram between Depth and Participant’s Age; Scattergram between Syntactic Step and 
Participant’s Age

All the correlations between the predefined values representing the basic characteristics 
of a cognitive map and participant’s age are significant at the 0.05 level. The number of 
the participants that draw over five minutes decreases as the age increases and this causes 
a difference between the contents of spatial units drawn in both orders. Still, the change in 
the total number of the recalled spatial units has the most significant relationship with the 
participant’s age and indicates that more number of spatial units got erased from memory 
as the participants grows older as an adult. In addition to that, the correlations between the 
syntactic values and participant’s age are stronger than the spatial unit values’ correlations. 
These indicate that the syntactic structure is an important property of a cognitive map, it is 
being reconstructed in time and some of this syntactic information is erased from memory as 
the individual grows older as an adult. Also the deeper spatial units are mostly the ones that 
got erased from memory as time progresses and as a result of this loss the syntactic system 
transforms to a shallower one.

It should be noted that the age of the participant here represents two different kinds of the 
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time factor, (1) the current life period that the participant belongs to and (2) the elapsed time 
over the experience. In this context, the overall of the results show that the spatial content and 
syntactic qualities of the spatial memory got missing as an individual passes to the following life 
period and/or that the spatial content and syntactic qualities of the spatial memory got missing 
as the time progresses after the real experience.

4. CONCLUSIONS

The theoretical background and methodology of this article are based on specific theories that 
concern about spatial memory and time factor on memory to search the effect of time over the 
structure of cognitive maps. At the end of the research, case study results approve these theories 
and indicate that time is a strong factor over the content and the syntactic configuration of a 
cognitive map. 

First of all, the change in the total number of the spaces drawn in cognitive maps shows that 
how much an individual recalls from a previously experienced space and the period of time the 
individual uses to represent that memory in drawing decrease significantly as time progresses 
after the experience. Secondly, the change in the syntactic values shows that the spatial units, 
mostly the deeper units in a syntactic system are erased from memory in the course of time 
and the total representation of the spatial syntax of a cognitive map is being transformed to 
a new and shallower one. These findings present the spatial memory regarding the spatial 
configuration of a previously experienced space loose some information and transforms to a 
less deep, less detailed representation of that space as an individual moves forward in life. In 
plain words, people tend to forget some parts, mostly the deeper parts of a space as they grow 
older as an adult, but they still store a deformed and reconstructed representation of that space 
in their memories. 

In addition to the main results, this study presents additional data asserting that space syntax 
analyses are adaptive tools for spatial memory and long term memory researches. In the 
case study, space syntax analyses offer valuable digital data of cognitive maps which can be 
statistically evaluated. Regarding to this potential, it is possible to state that further studies 
could be conducted through syntactic analysis of cognitive maps to search other human or 
physical factors that may have an effect on the memory. And in conclusion, this article also 
has the potential to be an inspiring study for the Long Term Memory researches which concern 
about the spatial concepts like Autobiographical Memory and Episodic Memory.
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THE EFFECTS OF STREET NETWORK CONFIGURATION AND 
STREET-LEVEL URBAN DESIGN ON ROUTE CHOICE BEHAVIOUR: 
An analysis of elementary school students walking to/from school in Istanbul

ABSTRACT

This paper explores the association between the built environment, measured through street 
network configuration and street-level urban design, and route choice of children walking to/
from school. The aim is to understand the extent to which student’s actual route selections 
correspond with metric shortest routes and the role of spatial factors in explaining route choice 
in utilitarian walking. 

Within this context, randomly selected students (ages 12-14) from five elementary schools 
in İstanbul, Turkey, were asked to draw their routes walking between home and school. 
Each student’s route choice was modelled within a GIS database and metrically shortest 
routes between origins and destinations were identified by using the ‘network analyst’ tool. 
Street network configuration of the entire system was evaluated by using angular segment 
integration and choice analyses implemented in Depthmap as well as metric and directional 
reach implemented in GIS. Street-level urban design characteristics of the streets, including 
ground floor attractions, prevalence and width of sidewalks, street-level topography, street 
width (indicating street hierarchy), and existence of signalling/crossings, were evaluated 
through detailed field surveys and high quality satellite images.

The preliminary findings of this study imply that the configuration measures of street network 
may prove to be important variables for the description and modulation of human spatial 
behaviour in urban environments. More importantly, directional accessibility appears to play an 
important role as metric accessibility in route choice behaviour. However; the detailed analysis 
of selected routes indicates that the amount of ground floor attractions as well as certain street-
level urban design qualities, such as sidewalk width, seem to be related to the preference of 
certain streets over and above others. 

This study contributes to the literature by broadening our understanding of the environmental 
attributes associated with children’s navigation choices in utilitarian walking. Findings augment 
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the knowledgebase that supports urban navigation by emphasizing the contribution of the 
spatial structure of the street network and the impacts of urban design qualities of the street 
environment.

KEYWORDS

Route choice, street network configuration, street-level urban design, utilitarian walking, 
İstanbul

1. INTRODUCTION 

There is a considerable body of literature on walking behaviour and strategies pedestrians 
perform when navigating through the built environment. Yet route choice still remains one 
of the most interesting and challenging theoretical and practical problems in describing 
pedestrian travel. Investigating observed route choice behaviour is of utmost importance since 
the underlying decision-making process is more complex for route choice than for other travel 
choice dimensions (Spissu et al., 2011). This paper analyzes a database of 160 routes, collected 
by self-drawn maps by a sample of students from 5 different elementary schools in Istanbul, 
Turkey, to explore the association between the built environment, measured through street 
network configuration and street-level urban design, and route choice of children walking to/
from school. The aim is to understand the extent to which student’s actual route selections 
correspond with metric shortest routes and the role of spatial factors in explaining route choice 
in utilitarian walking.

Related literature has emphasized the importance of the urban environment in influencing 
navigation choices. Studies have shown that some proportion of the variation in path choice 
at decision points can be related to the metric distance (Seneviratne and Morrall, 1985) and 
some additional proportion of path choice is determined by urban design qualities of the street 
environment (Zacharias, 2001). Research examining pedestrian urban navigation argues that 
metric distance plays an important role and that people are inclined to choose the shortest 
route to minimize distance and walking time (Agrawal et al., 2008; Borgers and Timmermans, 
2005). However, much research has also demonstrated that directness, as a topological 
structure of the street network, plays an important role as metric distance, and that directness 
is the most significant underlying factor in the selection of a particular route (Helbing, 2017). 
The significance of direction changes has also been underlined in the theory of space syntax, in 
accordance with the findings of spatial cognition indicating that direction changes, as an aspect 
of configuration, are related with the cognitive effort required to navigate through an area 
(Dalton, 2003; Jansen-Osmann and Wiedenbauer, 2004). Empirical evidence in space syntax 
studies suggests that the structure of an urban street network, as defined by the connectivity 
hierarchy measured by direction changes, plays an important role in pedestrian travel (Hillier 
and Iida, 2005; Ozbil et al., 2011). Furthermore, recent studies have shown that street network 
configuration is significantly related to recreational (Lee and Moudon, 2006a) as well as 
transportation (Ozbil and Peponis, 2012) walking behaviours. 

However, a significant number of studies have shown that other route attributes, apart from 
metric or directional accessibility, are also important in route choice behaviour. Research 
investigating the urban design correlates of route choice has focused on the local qualities of 
the street environment often characterized in terms of street crossings, attractive landscaping, 
tree covers, and signalization (Agrawal et al., 2008; Cao et al., 2007), as well as aesthetic or 
safety features, such as cleanliness, interesting sights, and architecture (Appleyard, 1982; 
Gehl, 2011). One of the problems associated with the typical range of environmental attributes 
considered is the lack of consensus on the measures to be included in studies. For example, prior 
studies have reported conflicting and limited evidence on the effects of sidewalk availability for 
walking (Sallis et al., 1997). Findings with regard to land-uses, on the other hand, mostly agree 
that having destinations within walking distance from origins (homes, stations, schools, etc.) 
increase the odds of walking (Frank and Engleke, 2000; Guo, 2009; Handy and Clifton, 2001). The 
extent to which these route attributes play a substantial role in route choice behaviour depends 
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to a large extent on trip purpose (Bovy and Stern, 1990), i.e. scenery is very important for 
recreational trips, but it is not related to work-related walking trips. Other studies indicate that 
pleasantness (Bovy and Stern, 1990), pollution and noise levels, stimulation of the environment 
are important attributes in route selection (Brown et al., 2007; Hoogendoom and Bovy, 2004). 
A limitation with these factors is that it is very hard to quantify them into measurable variables 
to be used in quantitative studies. Moreover, it is difficult to utilize these subjective, intangible 
attributes in developing objective, tangible design and policy guidelines to create pedestrian 
oriented environments supportive of walking. 

A second limitation of the analysis of children’s spatial behaviour in urban settings, such as 
decision-making and choice behaviour while walking to/from school, is related to the kind of 
data and analytical tools available. The lack of actual routes travelled by students as well as 
measures to evaluate systematically the spatial structure of street network hinders in-depth 
research on choice behaviour during walking in real urban environments. As a result, simplifying 
assumptions about actual behaviour, i.e. appropriating the walked routes to shortest distance, 
have often been employed by studies (Agrawal et al., 2008). However, actual human spatial 
behaviour is far more complex than these assumptions, thus, more precise data and analytical 
measures/methods are needed to identify the underlying factors affecting route choice 
behaviour. 

Another challenge is related to the unit of analysis used in characterizing the street 
environment. Related studies generally rely on environmental data, which is argued to affect 
decision-making in walking (i.e. street network connectivity, land-use diversity), at macro-level, 
such as census tracts or traffic-zone data. This prevents from identifying the associations of 
Modifiable Arial Unit problem in statistical correlations. Moreover, empirical evidence offered 
by these studies is still limited in terms of the specific urban design qualities related to walking 
behaviour of children. Studies on children’s navigation patterns demonstrate that while certain 
environmental attributes, such as the presence of street trees and sidewalks, are commonly 
correlated with adults’ and children’s walking behaviour, other features, such as mixed land-
use, may differ in their associations (Larsen et al., 2012).

This study fills these gaps within the literature by employing 3 sets of datasets containing detailed 
information of children’s walking behaviour and the urban areas they are embedded in. First, 
it uses relatively accurate and comprehensive digital data sets of İstanbul metropolitan area 
obtained from the Municipality at the street-level accounting for fine-grained design aspects 
essential to measuring the street network configuration. Second, it examines street level urban 
design qualities in depth through detailed field surveys and high quality satellite images. Third, 
it is based on actual walking routes of children instead of relying on minimum cost routes. 
Hence, this study provides an opportunity for the analysis and theoretical understanding of 
decision making and choice behaviour of children in transportation walking. 

2. METHODOLOGY

2.1 PARTICIPANT DATA

Five state elementary schools were identified as the case context. These schools were selected 
from five different districts of the Asian part of İstanbul, within neighbourhoods where walkers 
would have a mix of “well” and “less well” connected street segments, as well as both residential 
and mixed-use or commercial streets. Figure 1 illustrates the location of these schools. 
Randomly selected students (ages 12-14) from these elementary schools in İstanbul, Turkey, 
were asked to draw their typical routes walking between home and school on a detailed map of 
1/5000 scale including street names, school’s location, and important buildings/features. Each 
student was supported via a smart-phone-based street map when he/she was in doubt of the 
route. To ensure the accuracy of the drawn route starting points of their routes were compared 
with their geocoded addresses. A 90% match was obtained with students’ geocoded addresses 
and the starting points they drew on the maps. This age group was targeted since arguably they 
are relatively more conscious of their decision making process.
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2.2 PATH CHOICE

Actual routes. Each student’s actual route was entered into a GIS database and actual distances 
walked along the network were calculated. The mean trip distance was 749 meters, with the 
shortest trip being 53 meters and the longest 1.94 kilometers (Figure 2). Looking at the distance 
data broken into quartiles shows that a quarter of respondents walked a half a kilometer or 
less, the next quartile walked between half a kilometer and a three-fourth of a kilometer, the 
third quartile walked between three-fourth and a kilometer, and the final quarter walked over 
a kilometer.

Figure 1 - Location of surveyed schools on the overall map of Istanbul and on maps showing street network 
configuration coded against metric reach (400m)1 and land uses coded against residential, recreational commercial 
and other uses.

1   Metric reach (400m) measures the total length of streets starting from the midpoint of each street segment and 
extending in all directions within a 400 meters threshold.	
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Figure 2 - Distribution of distances walked along the network across schools.

The difference between the actual and the potential. This study is interested in studying the 
underlying environmental reasons affecting decision making in walking. The emphasis is on 
answering the question why some segments were actually selected by the participants and 
why those, though lying on the metrically shortest routes, were not selected. Thus, metrically 
shortest routes on the network between origin and destination pairs were identified using 
the ‘network analyst’ tool. Figure 3 shows the actual routes for the entire participants at Ulku 
Bora elementary school overlaid against their metrically shortest counterparts. As seen in 
the figure, though there are some overlaps between the actual selection and the metrically 
shortest segments, there are also major differences. Street segments were computed as a 
function of the frequency of actual selection versus the frequency of potential selection as 
metrically shortest segment. For example, a street segment may have been selected 5 times 
during actual navigation, yet its shortest segment rate may be 2 (this segment may serve as 
the metrically shortest segment lying along 2 different routes). Or a street segment may not 
have been selected at all, but it actually may lie as the metrically shortest segment along 4 
different routes. Figure 4a illustrates these hypothetical cases and Figure 4b demonstrates an 
actual case.
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Figure 3 - Self-drawn routes (continuous, dark red lines) compared with their metrically shortest routes (dashed, 
pink lines) for Ulku Bora elementary school. Dark grey buildings represent commercial activities.

Figure 4 - Comparison of selected street segments with their metrically shortest counterparts. (a) Hypothetical 
case: the first number in parentheses indicates the frequency of selection during actual navigation by participants; 
the second number represents the rate of the segment in lying along metrically shortest routes. (b) Actual case: 
red and blue indicate actual and metrically shortest segments along walked routes.
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The differences between the frequencies of segments were quantified (a-b, where a is the 
frequency of actual selection, AS, and b is the potential frequency of metrically shortest 
segment, SS). For example, if a segment is part of a shortest route for 10 different journeys 
(b=10) but is selected only 5 times (a=5), then the difference between the frequencies is -5. Or 
if a segment is not part of any shortest route (b=0) but is actually selected by 10 students, then 
the difference between the frequencies is 10. Multivariate regression models were developed 
estimating the difference between the frequencies of the actual selection (a) and the frequency 
of the potential selection (b) to identify the underlying built environment attributes affecting 
route choice. Those segments having a difference greater than or equal to 5 were selected to be 
statistically modelled and studied further since they indicate a consistent pattern of preference. 
Lastly, those segments with the highest (top 10%) differences between their frequencies were 
compared with their shortest counterparts through images and numbers.

2.3 STREET NETWORK CONFIGURATION

Street network configuration of the entire system was evaluated by using angular segment 
integration and choice analyses implemented in Depthmap as well as metric and directional 
reach implemented in GIS. The decision to include different measures is motivated by the variety 
of configurational qualities (metric, geometric and topological) captured by each measure. 
Segment angular integration measures the number of direction changes needed to move 
from each street line to all others measures within a set radius using the least angle measure 
of distance. Segment angular choice which measures how many times a space is selected on 
journeys between all pairs of origins and destinations (Hillier and Iida, 2005). In other words, 
integration measures how easy it is to access one space (road segment) from all others in the 
network; whereas choice measures how likely it is for a space to be selected moving from one 
space to another in the network (Hillier and Iida, 2005). These two measures represent the to 
and through movement potentials of the street segments (Hillier et al., 2012).

Street network configuration of the entire region was evaluated by using two parametric 
measures of connectivity (Peponis et al., 2008), which offer a systematic framework through 
which to evaluate street connectivity from two points of view: metric accessibility and density 
on the one hand, and directional accessibility on the other. Metric reach captures the density of 
streets and street connections accessible from each individual road segment. This is measured 
by the total street length accessible from each road segment moving in all possible directions up 
to a parametrically specified metric distance threshold. Directional reach measures the extent 
to which the entire street network is accessible with few direction changes. This is measured 
by the total street length accessible from each road segment without changing more than a 
parametrically specified number of directions. While metric reach extends uniformly along the 
streets surrounding a given road segment, directional reach may extend much less uniformly, 
because it is sensitive to the shape and alignment of streets, not merely to their density. 
The inclusion of directional reach in the analysis is a direct response to the research findings 
suggesting that the distribution of pedestrian movement may have cognitive dimensions 
associated with it. 

Integration was calculated for radius n while choice and metric reach were computed for 
400m. distance threshold since the selection of routes within this study spread over an area 
of 400 meters radii. Directional reach was computed for two direction changes subject to a 
20° angle threshold. The 20° angle threshold was selected to set the threshold low enough to 
make the analysis sensitive to street sinuosity. Computing directional reach for two direction 
changes provides an estimate of how well a street segment is embedded in its surroundings 
from the point of view of directional distance. These configurational measures are similar to the 
syntactic measures of integration and choice in that they take angle of direction change into 
account, yet they differ in that they are inherently parametric: one can vary what rotation angle 
counts as a direction change. Metric reach and directional reach function as measures of street 
connectivity that can discriminate between proximate street segments, capturing the spatial 
structure of an area.
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2.4 STREET-LEVEL URBAN DESIGN

Street segments were evaluated in terms of urban design characteristics that are shown to 
affect navigation in urban environments through their impacts on pedestrians’ perceptions. 
Street-level attributes include ground floor attractions (number of residential, commercial –
retail, office, catering–, other non-residential land-uses, and recreational uses opening directly 
on each individual street segment relativized by 100 meters), prevalence and average width 
of sidewalks, street-level topography, and existence of signalling/crossings, were evaluated 
through detailed field surveys and high quality satellite images. Sidewalk maintenance was not 
factored in since almost all sidewalks surveyed offered a moderate to good quality.

3. RESULTS

3.1 STATISTICAL ANALYSIS

Table 1 demonstrates the results for 3 different linear regression models estimating the 
difference between the frequency of selection of the walked segment and the frequency of 
potential selection as its shortest counterpart. When street connectivity measures are included 
only, all measures, except for global integration are positively and significantly correlated 
with the output variable. Metric reach (400m) and directional reach (2 direction changes, 20o) 
remain significant across models while choice (400m) loses its significance once other variables 
are considered. Surprisingly, integration (n) becomes significant (99%) only within the overall 
model. Street connectivity measures explain 20% of the variation in the differences between 
selection frequencies. Adding land use variable to the model results in a considerable increase 
in the predictive power of the model (R2 change=16%). In terms of land use variables, number 
of residential (negative) and commercial (positive) buildings is significantly (%95 and %99 
respectively) correlated with the difference in frequencies of selection of actual segment and 
its metrically shortest counterpart. In other words, the higher the number of commercial land 
uses (i.e. shops, stores, banks, etc.), and the lower the number of residential uses opening onto 
the street, the more likely a student is to choose that segment instead of its metrically shortest 
counterpart. From street-level urban design factors, street width and average sidewalk width 
variables appear to be positive correlates (99% and 95% respectively) of segment choice. In 
fact, when standardized coefficients within the overall model are compared, it is found that 
the width of the street segment is the most significant variable related to decision making in 
pedestrian navigation. Since street width is an indicator of street hierarchy, it can be concluded 
that through streets with wider sidewalks, instead of local streets with relatively narrower 
sidewalks, are preferred by students. The overall model explains about 50% of the variation in 
the output variable.
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Table 1 - Multivariate regression models estimating the difference between the frequency of selection of the walked 
segment and the frequency potential of selection of its shortest counterpart.

β |t| std β β |t| std β β |t| std β

constant 1.49 3.36* 4.51

Street Network 

integration(n) -0.00 0.23 -0.02 0.00 1.72 0.14 0.00 2.86 0.22

choice (400m) 0.00 3.15 0.25 0.00 1.60 0.03 0.00 1.24 0.09

metric reach(400m) 2.15 3.48 0.25 0.31 4.02 0.28 1.64* 3.18* 0.20*

directional reach (2,20o) 4.83 3.68 0.28 3.51 2.83 0.18   2.41 2.06 0.13

Land Use

#residential/100m -0.76* 3.35* -0.24* -0.44 1.93 -0.14

#commercial/100m 0.83 4.36 0.28 0.34* 3.02* 0.23*

#nonresidential / 100m -0.43 0.81 -0.06 -0.61 1.21 -0.08

#recreational/100m -0.37 0.19 -0.01 -1.26 0.69 -0.05

Street-Level Attributes

topography -0.20 0.17 -0.01

sidewalk prevalence∞ 1.51 1.00 0.07

avg. sidewalk width 0.01 2.05 0.16

street width 0.01 3.68 0.30

traffic safety∞∞ 1.81 0.97 0.06

N 160

R2 0.19 0.35 0.52

adjusted R2 0.17 0.32 0.47

bold p<0.001; *p<0.01;  italic p<0.05, 2 tailed tests

∞ existence of sidewalk on one side only=1; existence of sidewalk on both sides=2; otherwise=0

∞∞ existence of pedestrian crossings/traffic lights=1; otherwise=0

3.2 SEGMENT-BASED ANALYSIS

In order to better understand the underlying factors related to route choice, those segments with 
the highest (top 10%) differences between their actual and potential frequencies of selection 
were studied further. All actual routes that were supposed to entail those segments between 
origin and destination pairs were overlaid together. Segments diverged distinctively from their 
shortest counterparts were analysed in detail through images and numbers. The aim is to clarify 
why some segments were actually selected by the participants and why those, though lying on 
the metrically shortest routes, were avoided. Figures 5-9 illustrate paths passing through those 
segments and identify the environmental factors underlying the differentiation in selections.
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Figure 5 - Routes passing from segments that have highest differences in their frequencies of selection – both actual 
(walked segments, shown in red) and potential (their metrically shortest counterparts, shown in blue) for Ilhami 
Ertem elementary school located in Kadikoy.

Figure 6 - Routes passing from segments that have highest differences in their frequencies of selection – both actual 
(walked segments, shown in red) and potential (their metrically shortest counterparts, shown in blue) for MEV 
elementary school located in Uskudar.
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Figure 7 - Routes passing from segments that have highest differences in their frequencies of selection – both actual 
(walked segments, shown in red) and potential (their metrically shortest counterparts, shown in blue) for Ihsan 
Kursunoglu elementary school located in Atasehir.

Figure 8 - Routes passing from segments that have highest differences in their frequencies of selection – both actual 
(walked segments, shown in red) and potential (their metrically shortest counterparts, shown in blue) for Zubeyde 
Hanim elementary school located in Umraniye.
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Figure 9 - Routes passing from segments that have highest differences in their frequencies of selection – both actual 
(walked segments, shown in red) and potential (their metrically shortest counterparts, shown in blue) for Ulku Bora 
elementary school located in Kartal.

Figure 5 compares routes walked between homes and Ilhami Ertem elementary school located 
in Kadikoy with their metrically shortest counterparts. Snapshots and numbers from segments 
indicate that students prefer to choose to walk on segments with higher number of commercial 
activities, increased street width and average sidewalk width. In MEV elementary school located 
in Uskudar (Figure 6), when the segments of actual selection and their metrically shortest 
counterparts are analysed, it is found that segments with higher directional accessibility, 
increased number of commercial activities and average sidewalk width are selected. Similarly, 
routes walked for Ihsan Kursunoglu elementary school located in Atasehir indicate a preference 
for street segments with higher through and to movement potentiality and wider sidewalks 
(Figure 7). Observations from Zubeyde Hanim elementary school in Umraniye demonstrate 
that students’ decision making in urban navigation is affected by to movement potentiality and 
metric accessibility of segments along with number of commercial activities opening directly 
onto the street (Figure 8). Lastly, a comparison between actual and potential routes in Ulku 
Bora elementary school in Kartal displays similar results; students chose to walk on segments 
with higher global integration and directional reach values and with wider sidewalks (Figure 
9). Hence, these snapshots indicate that regardless of location within the city, there are a 
few underlying street network and street-level urban design factors shaping route selection. 
However, it can be observed from these figures that spatial structure of street network becomes 
the more so dominant factor affecting route choice in neighbourhoods located further from the 
centre than for neighbourhoods located within the city centre, where street-level urban design 
attributes, such as sidewalk and street width and number commercial activities, play a more 
significant role in route choice. 

4. STUDY FINDINGS AND THEIR IMPLICATIONS FOR DESIGN AND PLANNING

This study asked students to draw on detailed maps their typical routes walking between home 
and school in 5 schools in different districts to identify how far they walked and the actual routes 
followed. Route environment for street segments that showed variability in actual selection 
versus metrically shortest potentiality was measured through detailed field observations and 
secondary data. Linear regressions were developed to determine the built environmental 
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factors underlying the differences in selection. Lastly, in-depth comparisons were made 
between the actual walked segments and their metrically shortest counterparts to untangle 
possible correlates of students’ choice of routes. The findings indicate important conclusions 
that have important implications for planners and policy makers focused on improving the built 
environment for pedestrians. 

The results suggest that spatial structure of the street network and street-level urban design 
attributes work together to shape students’ decision making in targeted urban navigation. 
Metric accessibility, potentiality of accessing multiple destinations from a street segment, 
as well as directional accessibility, the ease of accessing the entire street network from a 
street segment, defined through the metric and topological structure of the urban network, 
are significant correlates of segment choice. In other words, if there is a higher density of 
intersections and lower number of direction changes along a path, students are more likely to 
take that path, rather than following the metrically shortest route. From a theoretical point of 
view, this implies that urban navigation strategies in targeted-walking are more related to the 
topo-geometric properties of the street network rather than the metric or geometric properties 
alone. From a design policy point of view, designing better connected street networks with 
reduced directional distance between home and school might serve as inducement for 
navigation choices and walking behaviour.

The street level urban design affects segment decision primarily through attractions (commercial 
land uses and through streets) and barriers (sidewalks). Both the multivariate regression models 
and individual analyses of paths indicate that students prefer to walk on through streets with 
wider sidewalks rather than local ones with relatively narrower sidewalks. However, according 
to linear models, average sidewalk width plays an important but smaller role in path choices 
compared to other urban design factors. Higher levels of commercial land uses opening onto 
the streets appear to have associations with students’ selection of a particular street segment 
rather than its shortest counterpart. This supports the findings of various studies highlighting 
the significance of the availability of non-residential destinations nearby pedestrian-oriented 
nodes, such as schools and transit stations in walking behaviour (Cervero, 2002; Lee et al., 
2013). Residential land-use types play an important role but with a “deterring” instead of an 
“encouraging” effect. 

In short, these results suggest that improved street-level urban design conditions along routes 
between home and school will attract more students to select those paths during pedestrian 
navigation, and will, in return, encourage children to walk to/from school. More importantly, this 
study emphasizes the significance of spatial structure of street network in affecting navigation 
choices. Findings augment the knowledgebase that supports urban navigation by emphasizing 
the contribution of the spatial structure of the street network, as significant as the impacts of 
urban design qualities of the street environment. The results also contradict certain literature 
which argues that the primary consideration in choosing a route is minimizing time and distance 
(Seneviratne and Morrall, 1985). In-depth analysis presented in this paper demonstrate that 
in targeted walking, such as walking regularly to/from school where it is assumed that the 
person has full knowledge of the potential routes between origin and destination, including 
the shortest one, the pedestrian still prefers to walk longer distances in favour of certain route 
attributes.

In addition, the descriptive analysis of walking distances for five elementary schools point to 
the fact that students walk considerably farther to access schools than commonly assumed. 
Conventional school environmental scale among planners is quarter of a mile (~400meters) 
(McMillan, 2007; Olson, 2010). This threshold is also recommended by Clarence Perry (1929) 
and Barton, Grant and Guise, (2003). The results of this study suggest quite a different reality, 
at least for walk trips to/from schools in Istanbul, Turkey. Half the students surveyed walked 
around 750 meters to access the school (the median trip distance was 766 meters). This result 
indicates that planners and designers laying out pedestrian-oriented developments around 
elementary schools can assume that many students will be willing to walk considerably farther 
to/from school than they may have previously thought. 
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Overall, the study results suggest that planners and policy makers aimed to encourage walking 
should focus on creating direct and dense connections between activities (i.e. between 
residential and commercial uses) and a connected street network with more direct connections 
between origin-destination nodes around schools. In fact, it may be that designing through 
streets with relatively wider sidewalks and increased commercial activities should be the key 
focus for designers since these often feel safe to both students and caregivers. 

5. STUDY FINDINGS

In addition to lessons for practicing designers and planners, this study suggests several avenues 
for further research both on how to conduct environmental analyses and surveys related to 
students’ path choices and additional research topics related to the impact of the built 
environment on pedestrians. 

A first key finding about statistical analyses related to walking is that compared to analyses and 
measures at larger-units (i.e. zones, census tracts), the segment-based analyses and measures 
are more sensitive to built environment differences even within the same neighbourhood. Thus, 
future research needs to employ detailed on-site field observations and street connectivity 
measures at the street segment level, instead of using aggregate built environment data. The 
availability of spatially disaggregated data also makes individual-based spatial analysis feasible. 
In addition, as Guo (2009) argues, “Compared with modal choice, path choice is less likely 
to correlate with job and housing location choices.” It is reasonable to assume that students 
studying at the same school share a similar attitude and preference towards traveling between 
home and school. Hence, the analyses conducted here seem to avoid the self-selection problem 
and to address the challenge of causality. Route choice has been widely used in transportation 
planning (Broach et al., 2012; Cats et al., 2011), but has rarely been used in a built environment-
walking study (Lee and Moudon, 2006b).

Another important finding related to pedestrian survey design is that asking respondents to 
trace their walking route on a local map—a relatively untested method in walk trip research—
works well. For this study, it was unsure whether respondents would be willing to provide this 
information or if they would fill out the map clearly so that the data would be useful. The study 
results show that the survey technique is highly effective. Out of 432 students who indicated 
walking as mode of transport between home and school, 390 traced their routes legibly (a 90% 
completion rate). Since the surveys were conducted face-to-face, these route tracings between 
the exact street addresses of home and school were precisely drawn on detailed maps with 
the help of smart-phones when it was necessary and the research team could easily transfer 
these routes into a GIS database. This technique provides opportunities for the analysis and 
understanding of disaggregate human spatial behaviour. The only drawback is that it prolongs 
survey time significantly. 

The study can also be expanded further with additional analyses. One useful elaboration of 
the research described here would be to track participants, here students, using GPS devices 
to avoid relying on the memories of children, and thus, to acquire more precise data. During 
tracking, social information regarding walking behaviour, such as whether the child is walking 
alone or with an adult, can be obtained and interpreted as an input to decision making. Another 
useful approach would be to survey participants after or during their walking trips to get first-
hand information on their route choice preferences. For example, participants can be asked 
to indicate the locations they avoided. Such a survey has been conducted in Schlossberg et 
al.’s study (2007). Surveys may also help validate the findings of the comparative analysis 
as described here. Revealing route choices and route avoidance by pedestrians may offer 
planners and policy makers useful guidelines in designing interventions to create walkable 
neighbourhoods. 
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