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Abstract. Past research in spatial psychology has demonstrated that 
some spatial and environmental properties can positively influence 
human emotions and senses. For example, spaces with access to day-
light and those with views of nature have been traced to enhanced 
psychological wellbeing. While architectural designers have used such 
results to argue for the positive psychological impact of specific inte-
rior spatial and formal configurations, there is limited evidence that 
people can correctly assess the most basic properties of an interior 
space. This paper presents the results of an empirical study that inves-
tigates correlations between geometric spatial properties and percep-
tual responses to interiors. For this study, 159 participants rated 24 
virtual interiors on a 7-point-Likert scale in terms of various proper-
ties of these interiors. In this paper the survey results for perceived en-
closure, are compared with the actual physical properties of the space 
that are associated with enclosure. Then, the impacts of demographic 
features on these results are considered.  

Keywords: Design assessment; environmental preference; isovist 
analysis.  

1. Introduction  

Research in the field of environmental psychology has, over the last five 
decades, identified a seemingly clear connection between human reactions 
and behaviours and specific environmental conditions. For example, re-
searchers have demonstrated that particular combinations of spatial qualities 
– including enclosure, light and view – not only influence our psychological 
wellbeing but also our aesthetic preference for environments (Kaplan and 
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Kaplan, 1982). From these findings, researchers have attempted to identify 
the way in which the changing spatial dimensions of an interior – including 
room width, room length, ceiling height, floor area and opening sizes – af-
fect emotions and perceptual responses (Franz et al, 2003, 2004; Wiener and 
Franz, 2005; Stamps, 2005). As a result of this, architects and designers have 
argued for the merits of specific spatial and formal configurations, often fo-
cussing on the relationship between rooms, windows, rooflines and views 
(Lidwell et al, 2013; Kellert, 2005: Augustin, 2009: Lippmann, 2010). How-
ever, as previous research has shown (Stamps, 2008a, 2008b), the architec-
tural interpolation of these complex results into design principles for interior 
space, is not overly convincing. While there are many reasons for this, one 
of the first steps in translating the results of environmental psychology into 
architecture is to confirm that human perceptions of space actually match the 
reality of space.  

Dovey (1993) suggests that there are fundamentally two different types of 
spatial understanding, lived space and geometric space. The former is de-
rived from the senses, and then emotionally and logically interpreted where-
as the latter pertains to the mathematical or measured properties of both 
space and vision. It cannot be assumed that these two are necessarily related. 
Montello (2007) makes a similar point when he examines the way people 
construct cognitive maps of space, noting the disjunction between the way 
people actually navigate through an environment and the physical properties 
of that environment. Fundamentally, despite widespread assumptions about 
the human capacity to accurately read space, the limits of this capacity have 
not been clearly established. This issue is the focus of the present paper 
which compares human perceptions of simple room configurations (that is, 
its lived space) with its actual or measured spatio-visual properties (its geo-
metric space).  

The method adopted in this paper to test the relationship between per-
ceived and actual spatial properties combines an empirical, survey approach 
with isovist analysis. Past research has suggested that the qualitative proper-
ties of interiors identified in surveys can be related to isovist measures for 
the same spaces, which would allow for an objective ranking of stimuli in a 
systematic and comparable way (Wiener and Franz, 2005; Dosen et al, 
2013). Following the standards suggested in this past research, this paper 
presents and analyses data derived from a survey wherein 159 participants 
rated 24 virtual rooms with varying fenestration for their perception of en-
closure. This paper reports the results for perceived enclosure and compares 
these with the measurements of the actual enclosure for each interior.  
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2. Background   

The contemporary field of environmental or spatial psychology is founded in 
a set of ideas that have been derived from diverse disciplines including Dar-
winian evolutionary theory (Appleton, 1975), phenomenological philosophy 
and behavioural studies (Kaplan and Kaplan, 1982). Appleton (1975), for 
example, proposes that certain spatial settings which offer outlook and plac-
es to hide not only support survival but also determine properties of envi-
ronments that will be preferred. Thus, the act of perceiving space involves 
the derivation of relevant information from a structured whole so that the 
spatial relations of objects or environmental features are understood and re-
membered in relation to the individual. From this past research, often in di-
verse fields, spatial perception has begun to be defined as the ability to sense 
the dimensions and arrangement of a natural or built environment and – after 
a first assessment – to intuitively respond to it. However, such theories of 
spatial preference, have often been both uncritical and without basic support-
ing evidence. There are two exceptions to this position, the first is an appli-
cation of spatial psychology methods by architects, and the second is drawn 
from computational design.  

In the first instance, a growing number of studies have used surveys to 
test the relevance of theories derived from spatial psychology to design 
(Scott, 1993a, 1993b; Stamps, 2008a, 2008b). While the results have often 
been inconclusive, they nevertheless signal a serious interest in identifying 
and testing precise spatial properties. The alternative tradition in architecture 
is to test these spatial properties mathematically or computationally. For ex-
ample, past research has used isovist polygons (Benedikt, 1979) and visibil-
ity graph analysis (Turner et al, 2001) to determine the area of space in a 
room that is visible from a certain observation point. For example the isovist 
area of a room of concave shape is smaller than its actual room area as there 
is a hidden component to the space, while the isovist area of a room of sim-
ple rectangular shape equals the actual room area. Furthermore, a room that 
offers views potentially has a larger isovist area than room area. Growing 
from that research, various isovist properties have been identified in previous 
studies and potentially linked to spatial perception (Benedikt, 1979; Franz et 
al, 2003, 2004; Stamps, 2005; Ostwald and Dawes, 2013). The method de-
scribed in the following section combines these two approaches, to compare 
perceptions with mathematically derived measures of actual spatial proper-
ties, to see how close the correlation between the two is.  
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3. Methodology 

The research methodology is described in this section including the con-
struction of the virtual test environment, the production of images and meas-
urements from this environment, and the preparation and implementation of 
the survey. Many of the decisions about these factors were influenced by the 
experience of conducting a pilot study. In particular, the final number and 
type of images used was refined following the pilot and a review of its re-
sults, and verbal feedback from the volunteers who took part in it.   

3.1. THE COMMON TEST ENVIRONMENT  

In order to test both the lived and geometric experience of space, a simple 
virtual test room was modelled in CAD. 24 variations of this test room, all 
involving controlled changes in window openings and location, along with 
two variations in the roof angle, were prepared. From this model both imag-
es (stimuli) for the survey questions and isovist or measured data could be 
derived and then compared. This section describes the rational and properties 
of the virtual test environment used in the experiment.  

The use of such virtual test environments has been analysed in previous 
studies which confirm their capacity to replace real world experience when 
investigating environmental preference. One of the key benefits is that vary-
ing factors can be tested under controlled conditions (Bülthoff and van Veen, 
2001; de Kort et al, 2003). Although, for the present study, the decision was 
made to use coloured stimuli, and relatively natural lighting and textures 
there was no attempt to achieve high-quality photorealism.  

For the present study an interior was modelled that represents a habitable 
domestic room of contemporary style with some neutral furniture including a 
sofa, chairs and bookshelves as well as various objects (such as books, paint-
ings on the walls, and a floor lamp). These objects are to give the room 
scale, and allow the viewer to more intuitively understand its spatial proper-
ties and implications. The viewing location, furniture and layout of each 
room are identical, allowing the participant to focus on the varying window 
openings. For the same reason no human figures were depicted in the room.  

For the background of the virtual room a photo of a park was chosen de-
picting a water view with trees and a pedestrian bridge in the distance. While 
the part of the study reported in this paper is not concerned with the nature of 
the outlook, it was important that the outlook should be relatively neutral. 
The opacity of the background image was reduced to 40% to neutralise it 
and give a general sense of vegetation, rather than a depiction of specific lo-
cation. A nature view was chosen over an urban background to exclude any 
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negative impact such the implication of urban noise, pollution, crime or the 
suggestion of restriction of views or overlooking.  

The final set of virtual test environments were modelled three-
dimensionally in ArchiCAD 17 with natural, Northern winter light. The im-
ages were rendered from a 15 degree angled view to the left of the centreline 
of the room using Artlantis Studio 4 (Graphisoft). The camera height was set 
at 1.60 meter and the horizontal view cone is 100 degrees (replicating the 
high acuity zone of human vision and also suggesting the presence of pe-
ripheral vision).  

3.2. STIMULI VARIATIONS 

The standard virtual room used for the study has a rectangular floor plan 
with an area of 5 x 5 meters and a ceiling height of 2.40 meters. Thereafter 
24 variations of the room were prepared each of which only varied in fenes-
tration and ceiling heights. Two opening types were depicted, (1) windows 
with a sill and (2) windows of full ceiling height. In a variation of the sec-
ond, the windows of full ceiling height were shown with (3) columns that 
interrupt the view partially. The opening width of the windows varies be-
tween 50%, 75% and the full wall size. A further variation adds an opening 
(25% of the front facade) to the adjacent side wall. The sill type offers the 
same set of widths but has an opening height of only 50% (sill height: 1 me-
ter). The columns that interrupt the openings of type C are 0.36 meters wide. 
Varying ceiling forms, a downward sloping and an upward sloping low skil-
lion (28 degrees), are also shown for the smallest and largest openings. This 
results in a set of 24 images. Figure 1 shows examples of stimuli with vary-
ing geometrical properties including the ceiling variations for increased 
(room 1) or decreased (room 8) enclosure.  
   

 
Figure 1. Example room variations. (1) Room A1 – type “window band”, (2) B5 – type “full 

height column”, and (3) C8 – type “full height”. 
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3.3. PARTICIPANTS 

The primary participants were staff and students from eight universities from 
across the world who were invited to take part in the study. The survey was 
also advertised online via facebook and LinkedIn and through this mecha-
nism the final response was more diverse, in terms of countries and de-
mographics represented than initially imagined. The primary set of partici-
pant sites included at least one tertiary education institution from each of the 
following countries: Australia, Germany, Hong Kong, Mexico, New Zea-
land, Turkey, Uganda and USA. The invitation was sent to people at these 
institutions in the disciplines of Architecture, Psychology, Education and 
Computer Science. The majority of responses came from the universities in 
Australia (The University of Newcastle), China (The Chinese University of 
Hong Kong) and Turkey (Technical University of Istanbul).  

Altogether 265 participants took part in the survey, but only 159 (91 male 
participants, age groups ranging from 18 to 70) rated all stimuli on each of 
the four scales and are reported in this paper. 106 participants skipped one or 
more questions and were excluded from the analysis. Responses from partic-
ipants who only skipped demographic questions, but rated all stimuli in the 
survey, are included in the analysis.   

3.4. IMPLEMENTATION 

The research was undertaken in accordance with its Human Research Ethics 
approval (H-2013-0327) in the form of an online-questionnaire which was 
open to responses over a period of eight weeks. Participants were required to 
be over the age of 18 and needed to have at least basic English skills. Seven 
demographic questions followed an initial agreement on reading the infor-
mation statement, asking for age, gender, experience and current location 
(country). Thereafter, three example images and a short description of the 
terms and rating scale were shown before the first stimuli.  

The 24 stimuli were then presented in three sequences associated with the 
first, second and third type of windows, varying in turn from the smallest to 
the largest opening. The low roof pitch was presented at the start of the sur-
vey, and the high pitch as the last image set. For each stimuli image, partici-
pants were asked to rate their feelings for enclosure on a 7-point-Likert 
scale. Specifically, they were asked to indicate their level of agreement to 
the statement ‘I feel enclosed in this room’.  
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3.5. ROOM AND ISOVIST PROPERTIES  

The actual level of enclosure of each room variation was measured using 
wall-to-window area ratio. The openings were then grouped by type and or-
dered by increasing width. Corner openings are ranked as more enclosed 
than openings of the same area and type that offer a front view only as their 
“visual pull” (or drift), the distance between the actual observation point and 
the centre of gravity of the area observed, is less than for those that offer 
front views (Conroy-Dalton, 2001). This, however, does not distinguish 
changes that relate to the height of openings or variations of the ceiling.   
 

   
Figure 2. (1) Perceived enclosure and (2) actual enclosure (wall-to-window area ratio) for 

each room variation (1 to 8), by opening type and increasing width.  

Perceptual responses to enclosure are rated on a 7-point-Likert scale. 
Generally, the value 4 out of 7 represents a neutral position. Higher values 
equal a certain level of agreement (7 = “100 %”) and lower ratings signal 
disagreement (1 = “-100 %”). For example an average rating of 5.5 equals 
50% agreement and a rating of 3.1 equals minus 30% (signalling some disa-
greement). Figure 2 (1) shows the distribution of averaged ratings for per-
ceived enclosure by stimuli type and opening width for each interior. Stimuli 
one and eight are the ceiling variations. Figure 2 (2) shows the wall-to-
window area ratio or actual enclosure of each room variation.   

4. Discussion and analysis of results  

Figure 2 shows the relationship between ratings for perceived enclosure and 
the actual enclosure of the virtual interiors. The results for room 2 to 7 show 
a continuous (but not even) decrease of perceived enclosure, except for type 
A (the window band) between room 3 and 4 (Figure 2 / Table 1). This may 
result from a stronger judgement of decreasing enclosure at the very begin-
ning of the survey. Also, the decreased ceiling variations (room 8) show the 
same trend as the values for the actual enclosure. However, the values for the 
actual increased ceiling variations (room 1), are lower than those of room 2 – 
the opposite of the perceived ratings. The enclosed shed roof (room 1) has a 
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larger wall area and therefore the ratio of wall to window is lower. Room 1 
for type B (full height with columns) also shows a lower ratio than room 2, 
whereas for type C the openings seem large enough to offer a higher ratio for 
actual enclosure. The shed roof variation of the largest opening of the win-
dow band type (A8) appears to be very untypical for such an increasing ceil-
ing variation and therefore it is not surprising that both the actual ratio and 
the perceived enclosure show values against the overall trend.  

Table 1. Matrix of room variations: three sets of eight rooms.   

Room variations 1 2 3 4 5 6 7 8 

skillion low flat ceiling high  

A - window band 50 %  
width, 
front 

50 % 
width, 
front  

75 % 
width, 
corner 

75 % 
width, 
front 

100% 
width, 
corner 

100% 
width, 
front   

125% 
width, 
corner 

125%  
width,  
corner 

B - full height column 

C - full height 

  
For the statistical comparison of perceptual responses and measured 

properties of the virtual rooms a Pearson’s Product Moment Correlation has 
been used to describe the degree of their relationship. The correlation coeffi-
cient r was determined by averaging rating results of each room for per-
ceived enclosure. Overall, the results show an extremely high and positive 
correlation between the perceptual responses and the wall-to-window area 
ratio with values close to one (rA=0.8396, rB=0.8785 and rC=0.9321). A 
significance test determines a probability of less than one percent that it is a 
chance finding and that the results are, therefore, “statistically significant” 
(pA=0.0091, pB=0.0041 and pC=0.0007).    

Mean and variance results for the perceptual responses for each room are 
compared in an error bar showing mean ratings and their standard error 
mean (Figure 3). For this an independent-sample, two-tailed t-test has been 
used to compare results divided by demographic distinction. One-way Anal-
ysis of Variance (ANOVA) has been used to determine the significance of 
results for breakdowns by more than one demographic variable.  

A comparison by gender shows no significant difference, although female 
participants rated their feelings for enclosure higher for the smallest open-
ings (type A / window band). A comparison by gender and location (where 
participants lived predominantly during past ten years) however, shows that 
there are significant differences in the judgment of enclosure for window 
type A. Females who lived in rural areas have rated the window band much 
higher for enclosure while the ratings of male participants from such regions 
were below the rated average (Figure 3). The reason for this result is unclear.  
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Figure 3. Perceived enclosure by gender, (1) female ratings (N = 9) and (2) male ratings (N 

= 12), by location where participants lived predominantly during past ten years.  

 A comparison by professional background (trained or not trained in ar-
chitectural design) shows no significant difference in the averaged rating re-
sults, though those of trained participants were slightly lower. Those who 
lived during the past ten years in rural areas or in the countryside rated the 
smallest opening width of each set as more enclosed than those who lived in 
an urban or suburban environment. Participants who grew up in rural areas 
or in the countryside have rated all stimuli of type B and C as well as most 
room variations of type A higher for their perceived enclosure than those 
who grew up in urban or suburban environments. The reason for this may be 
that in less urban environments it is more common to have windows on two 
or more facades within one room. This can be confirmed by the exceptions 
in set A which are the corner window variations A3 and A5.  

Interestingly, the largest age group – participants between the age of 18 
to 25, 44 %, N=148 – rated all room variations higher for enclosure. The 
widest distance between the mean ratings of younger and older participants 
occurred for type A, the most enclosed window type. The first presented 
corner window variation A3, however, has been rated slightly lower by the 
young participants. The youngest age group and the group ranging from 36 
to 45 show for at least three stimuli of each set a significant difference in 
their ratings for perceived enclosure, the smallest and some of the larger 
openings (A1, A6, A7, B1, B7, B8, C1, C6 and C8). The two youngest 
groups vary most significantly for stimuli C1, the smallest width of the full 
height opening, and both age groups in the middle also show a significant 
difference for C6, the wide opening of the full height type (Figure 4).  

A comparison of ratings of participants who currently live in a one-room 
apartment and those who have at least one separate bedroom shows a sur-
prising trend: the former perceived the wider openings of all room types as 
more enclosed. The opposite was expected by reason of also using the space 
for sleeping. A second breakdown by their location shows that the majority 
of participants (9 out of 15) who live in an apartment are located in Asia 
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which possibly indicates dense apartment block housing possibly with cur-
tain wall facades. A breakdown by their current environmental background 
confirms that the majority of these participants (12 out of 15) live in an ur-
ban area, and the remainder in suburbs. Beside this criterion (number of bed-
rooms), none of the other demographic variables show a notable difference 
to the averaged ratings for perceived enclosure.  
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Figure 4. Results for (1) perceived enclosure by gender (to the left), window type A (upper), 
type B (middle), type C (lower), and (2) a comparison of mean ratings for enclosure by age 

groups (to the right), by opening type and increasing width.  

5. Conclusions  

This study, combining survey methods with computational-mathematical 
analysis, demonstrates an extremely high correlation of both, averaged re-
sults for perceived enclosure and actual enclosure, thereby confirming the 
ability of participants to read changing room properties correctly.  

The study also shows that most demographic variables including back-
ground in architectural training or gender do not reveal significant differ-
ences to the overall rated mean. Demographic variables that relate to envi-
ronmental conditions, however, show some differences in perceptual 
responses to interiors. Therefore, a future study could investigate such de-
mographic criteria. Furthermore, more complex settings that offer interior 
view connections between adjacent habitable spaces could be considered.  

The next stage of this research project is to examine rated feelings of the 
inverse spatial property openness and their expected correlation with room 
properties as well as with ratings of perceived enclosure, to confirm the re-
sults of the first stage of this study. 
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