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This research is an inquiry into correlations between specific configurations of
virtual spatial enclosures and corresponding perceptual responses in subjects.
The experiments comprised of three sets - opening configurations, volume
configurations and partition configurations. The perceptual parameters tested
were Degree of Enclosure (E), Degree of Separation (P), and Spaciousness (S)
respectively. Immersive virtual environments depicting enclosures with these
different configurations were presented to 25 subjects through a head mounted
VR gear. Responses were recorded in the form of verbal ratings. The results
revealed that one's visual field along the horizontal axis at eye level plays a major
role in the way specific attributes of spatial enclosures are perceived. One's
perception of `openness' in an enclosure correlated strongly with the amount of
physical opening that was present along the horizontal axis at eye level, while the
perception of `spaciousness' correlated strongly with the amount of visual
obstruction within one's horizontal visual field at eye level. It was found that
larger unified openings between enclosures along eye level created a weaker
sense of visual separation as compared smaller dispersed openings of equal
cumulative area.

INTRODUCTION
It is well known that specific attributes of spatial en-
closures directly lead to them to being perceived in
very specific ways. We know intuitively, for example,
that a room comprising of a number of volumetric el-
ements (furniture etc) ‘appears’ tobe smaller than the
same roomwithout such visual interruptions. The ef-
fect of perception, on our understating and engage-
ment with space is something that we have all intu-
itively experienced.

The ‘perceptual’ qualities of spatial enclosures
can be said to lie within the realm of spatial ‘expe-
rience’. This realm, despite occupying a central po-
sition in the domain of architecture and design, has
long been regarded as a collection of ‘intangibles’,
which cannot be objectively measured. It is only in
the recent past, that the scientific method has been
applied to the realm of experience in space, guided
by the broad hypothesis that specific aspects and
configurations of spatial enclosures result in them
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being perceived in very specific ways. There is still
not a great deal of research that specifically inquires
into this domain.

A focused study empirically inquiring into the
correlations between spatial configuration and per-
ception has immense potential to yield valuable lines
of enquiry within the realm of spatial experience.
More importantly, data derived from such research
canprovidedesignerswith logical groundingwith re-
spect to design decisions taken keeping the realm of
experience in mind.

Over the past few decades, the development of
immersive, responsive and interactive virtual repre-
sentations of space, which are capable of generat-
ing simulations that can approximate the sensory in-
puts provided by a real space, has immense poten-
tial to develop into a valuable tool for such lines of
empirical research. Recent developments in virtual
environment simulations includeHeadMountedDis-
plays fitted with audio output and a gyroscope. The
stereoscopic visual output is done through and in-
built OLED display and a pair of convex lenses. The
gyroscope and accelerometer senses head position
and orientation and changes the display scene ac-
cordingly. (Mazuryk et al 2010) A number of man-
ufacturers such as Oculus and Sony have in recent
years introduced a range of wearable HMDs. While
VR systems in various stages of development have
been applied in a few similar studies in the past
(Franz et al 2003) (Shemesh et al 2015), it is the
rapid development in the field of VR in recent years,
and the widespread commercial production of head
mounted display (HMD) devices that have made the
use of such systems for architectural research readily
accessible.

SELECTED PERCEPTUAL ATTRIBUTES FOR
EXPERIMENTATION
While there are an incalculablenumberof factors that
determine the way one perceives a space, Bitner and
Schachter identified three primary categories of at-
tributes that influence the experience of individuals
inhabiting it, namely:

(i) Formal attributes, (ii) Signs, symbols and arti-
facts, and (iii) Ambient conditions (Bitner 1992)

This body of research has restricted itself to the
first category. There are a number of primary at-
tributes of form, namely shape, size, color, texture,
position, orientation and visual inertia. (Ching 1996)
The experiments conducted as a part of this study
was directed towards recording specific perceptual
attributes of different architectural configurations,
namely Degree of Enclosure (E), Degree of Separa-
tion (P), and Spaciousness (S). The architectural con-
figuration sets selected for studying these attributes
were comprised of discrete formal configurations,
which were commonly found in architectural prac-
tice. The experiments comprised of 3 configuration
sets specifically focused towards studying responses
pertaining to the 3 perceptual attributes.

Opening Configurations
The first set, studying Degree of Enclosure (E) com-
prisedof fiveenclosuresof fixedareaof opening (5.25
sqm), but different opening configurations as shown
in (Figure 1). The configurations included the follow-
ing: (1) horizontal window, (2) vertical window, (3)
skylight, (4) split vertical window, and (5) split cor-
ner window. For each of the instances, subjects were
asked to rate their perceiveddegreeof enclosure on a
scale of 0 to 5. The specific underling hypothesis be-
hind the experiment was that despite an equal area
of opening, different opening configurations corre-
lated with different ‘senses of enclosure’ in a space.
The experiment was focused towards understanding
the nature of such correlations.

Figure 1
Configuration Set 1:
Opening
Configurations
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Partition Configurations
The second set looked into the perceptual attribute
of Degree of Separation (P). Each of the instances
comprised of two adjacent enclosures of equal size
separated by a partition. The five instances used in
the experiment varied according to the configura-
tion of the partition separating the spaces. (Figure 2)
Thepartition configurationswere (1)Wall opening (2)
DenseBars (3) BroadBars and (4) Lowheightwallwith
clerestory opening. The total area of physical open-
ing between the spaces that each of these partitions
allowed, was constant (7 sq.m). The subjects were
asked to rate their perceived degree of separation for
each of these spaces. The hypothesis was that dif-
ferent partition configurations of same opening area
produce different degrees of ‘perceived separation’
in occupants.

Volume Configurations
The third set of spaces used for the experimentswere
directed towards studying the varying degrees of
Perceived Spaciousness (S) that different configura-
tions of enclosures of same volume gave rise to. The
logic behind the volume configurations was the sub-
tractive transformation of form. Each of the enclo-
sures comprised of a rectangular volume with an-
other smaller rectangular volume subtracted from it.
This was done twice in the form of toilets and once in
the formof a loft. (Figure 3) The absolute value of vol-
ume subtracted, however remained the same for all
the variants (10.5 cu.m). The variants were (1) Loft, (2)
Corner Toilet and (3) Center Toilet. Even though en-
closure may undergo subtractive transformation in a
number of ways, these were found to be the most
commonly occurring cases in mainstream architec-
tural practice. Since the absolute value of enclosure
volume remained the same for all variants, the ef-
fect of the partition configurations on perceived spa-
ciousness could be accurately tested. The subjects
were asked to attribute a value of spaciousness for
each of these spaces.

Figure 2
Configuration Set 2:
Partition
Configurations

Figure 3
Configuration Set 3:
Volume
Configurations

Figure 4
360 degree
spherical renders
for VR viewing

METHODOLOGY
Generating immersive virtual environ-
ments
Each of these enclosures was modelled on Google
SketchUp and rendered using VRay for SketchUp.
The final images were spherical renders of field of
view (FOV) 360˚ and resolution 4000x2000 pixels.
(Figure 4). The camera height was uniformly main-
tained at 1500mm above floor level. A Fulldrive VR
engine adapted these spherical renders for 360˚ dis-
play through the VR gear.
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Gear and Setup
The VR gear comprised of a Head Mounted Device
(HMD) comprising of a VR Viewer and the Display
Unit. The display unit was an android driven mobile
device (Lenovo Vibe K5 Note) with a diagonal display
dimension of 5.5 inches and a display resolution of
1080 pixels. This unit was fitted inside the VR Viewer,
which was a Procus One unit with biconvex lenses
of focal length 14mm. The inter-pupillary distance
and distance between the display surface and lenses
could bothbe adjustedby the subjects through knob
provided on the VR unit. The display that was be-
ing shown to the subject at any point of time was
streamed live to a laptop (MacBook Pro 8.1) via a
steaming engine (Mirror Beta). The immersive spatial
environments in the form of spherical renders were
adapted and displayed through an android driven VR
engine (Fulldrive).

Synthesis and Rating of Perceptual Param-
eters
A number of scales have been devised in the past
to objectively synthesise perceptual parameters of
space. Scales such as the SMB scale employ parame-
ters such as pleasantness, complexity, unity or coher-
ence, enclosedness, potency, social status, affection,
and originality (Küller 1972). For the selected formal
attributes, however, very focused perceptual param-
eters needed tobe synthesised, so as tomaximise rel-
evance to mainstream architectural practice and in-
tuitive architectural experience. The 3 perceptual at-
tributes namely Degree of Enclosure (E), Degree of
Separation (P), and Spaciousness (S) were thus se-
lected, and the subjects were asked to verbally rate
the respective parameters on a 0 - 5 scale (similar to
affective appraisals). (Houtkamp 2012)

Sampling
The experiments comprised of a sample of (N = 25)
subjects. The secondary experiment allowing move-
ment within the space for the spaciousness parame-
ter had a sample of (N = 5) subjects. All subjects for
all experiments were postgraduate students of CEPT
University, Ahmedabad, within the age group 23 - 33,

with a bachelor’s degree in Architecture.

RESULTS ANDDISCUSSION
The results were fairly consistent across all subjects,
with very few instances of deviation from the estab-
lished patterns. Analysis of the data obtained has
yielded a number of valuable inferences, which give
us a critical insight into the perceptual aspects of ar-
chitectural experience. Let us consider the inferences
from the three parameter-sets separately.

Opening configurations and perceived de-
gree of enclosure
Let us beginwith the set that studied the correlations
between different configurations of window open-
ings and perceived degrees of enclosure (E). We have
seen from the results (Figure 5) that instance 2, i.e. a
horizontal window opening corresponded with the
lowest rated degree of enclosure, while the skylight
(instance 3) corresponded to the lowest rated value.
General qualitative responses from subjects during
experimentation suggested that the room with the
skylight appearedmost enclosed because they could
not find any opening at eye level. Since all the sub-
ject station points were placed at the far end of the
enclosure, near the wall opposite the window open-
ings, the skylight configuration corresponded to a sit-
uation where the subjects were physically nearest to
an external opening (due to the fact the skylight was
an opening on the ceiling plane). However despite
this fact, the skylight configuration corresponded to
the highest degree of rated enclosure because there
was no opening on the horizontal plane the average
eye level.

Figure 5
Rated degree of
Enclosure (E) for
different opening
configurations
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Figure 6
Correlation of rated
‘E’ with the amount
of external opening
along the
horizontal axis at
eye level within the
field of view of the
subject

A closer analysis of the data revealed something
more interesting. The issue of openings at eye level
did not remain restricted to the enclosure with the
skylight. There was a strong underlying pattern
behind the way subjects responded to the spaces.
The data shows that the rated degree of enclosure
for each of the variants directly correlated with the
amount of external opening along the horizontal axis
at eye level within the field of view of the subject.
(Figure 6) shows a diagrammatic representation of
the horizontal openings at eye level, along with the
rated values of degree of enclosure. It is evident, that
as the amount of opening along the horizontal axis
increases, the rated degree of enclosure decreases.
This rule holds true for all variants. Instance 2, being
a horizontal window thus has the greatest amount of
opening along the horizontal axis at eye level, and
thus corresponds to the lowest valueof perceivedde-
gree of enclosure.

The largedegree towhichhorizontal openings at
eye level influence our perception of enclosure gives
us a very valuable insight into possible design direc-
tions. The knowledge of this factor can be turned
to our advantage while trying to impart a sense of
’openness’ to an enclosure during the process of de-
sign. It can also caution us against using architec-
tural devices that appear to impart e sense of open-
ness, but actually do so to a very small degree. Open-

ness and enclosure are important tools that archi-
tects employ during design. A greater degree of en-
closure usually imparts a greater degree of privacy,
while a greater sense of openness provides a greater
connectionwith the outsideworld, thus reducing the
sense of privacy. It is evident from the results that
total opening size and perceived openness, though
strongly related, are not necessarily related exclu-
sively. The dominant effect of openings at eye level
can thus be used in the architects’ favor in sensi-
tive design decisions. Opening placement can be
maximized along horizontal eye level, to impart a far
greater degree of openness for a fixed area of open-
ing.

Volume configurations and perceived spa-
ciousness.
The experiment studying the effect of different vol-
ume configurations on theperceived spaciousness of
an enclosure also yielded some valuable inferences
that can be utilized during the design process. As de-
scribed in the methodology section, a fixed orthog-
onal volume of space was subtracted from an enclo-
sure, twice in the form of toilets, and one in the form
of a loft. The data reveals that the configuration with
the loft corresponded to the highest degree of rated
spaciousness, while the configuration with the toilet
at the center of one side corresponded to the lowest
degree of rated spaciousness. (Figure 7) Qualitative
responses during experimentation revealed that the
center toilet appeared to block the subjects’ view of
the enclosure in its entirety, thus giving a lower per-
ception of spaciousness. Both the corner toilet and
loft allowed for the viewing of the entire space. The
loft, however, corresponded to a much higher score
on perceived spaciousness as compared to the cor-
ner toilet. Running responses revealed that the loft,
being at a higher level, did not appear to diminish the
sense of space as much as the corner toilet did.

Critical analysis revealed an underlying pattern
that was in a way similar to the inferences derived
from the previous set of opening configurations. It
was found that the degree of rated spaciousness ap-
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peared to correlate strongly with the amount of vi-
sual obstruction existing within the subjects‘ visual
field along the horizontal axis at eye level. Shown
below (Figure 8) is a diagrammatic representation of
the degree to which each of the volume configura-
tions presented obstructions within the subjects’ vi-
sual field along the horizontal axis at eye level.

Figure 7
Rated Spaciousness
(S) for different
volume
configurations

Figure 8
Correlation of rated
‘S’ with the amount
of visual
obstruction along
the horizontal axis
at eye level within
the field of view of
the subject

For all the variants, the station point was fixed at the
corner diagonally opposite the corner with the toilet.
The center toilet presents themaximum obstruction,
and thus corresponds to the lowest value of rated
spaciousness. The corner toilet, being farther away
presents a lower degree of obstruction and thus cor-
responds to ahigher valueof spaciousness. The rated
value of spaciousness for the loft is highest because
it does not present any visual obstruction at average
eye height.

One factor that must be taken into account for
this set is the effect of station point on perceived
spaciousness. Since the position from which one
view the enclosure defines his or her visual field, that
same element (say toilet) may present different de-
grees of obstruction depending on the position of
the observer. This would in turn determine the de-
gree of perceived spaciousness in that enclosure. To
overcome the restrictions imposed by station points,
it thus became necessary to carry out a control ex-

periment where subjects would be allowed to move
around and explore the space from different station
points before giving his or her response.

This control experiment was carried out as de-
scribed in themethodology sectionwith a small sam-
ple size of N =10 people. The subjects were allowed
to move around using a handheld remote device.
The results obtained from this experiment were very
marginally different from the main experiment, with
the relative order of perceived spaciousness remain-
ing the same between the three variants. (Figure 9)
This goes on to show that movement did not play
a very major role in the way subjects perceived spa-
ciousness. One major reason behind this could have
been the fact that, despite the changing visual fields,
the center toilet continued to present maximum vi-
sual obstruction from most station points, while the
loft, being well above eye level, did not present any
obstruction.

An insight into thewayweperceive spaciousness
has thepotential to informdesigndecisions toagreat
degree. Physical space and perceived spaciousness
are related entities, but not the same. The larger a
physical space is in absolute terms does directly im-
ply a greater degree of perceived spaciousness. All
the spaces tested in this set yielded varying degrees
of rated spaciousness for a fixed value of physical vol-
ume. As designers, it is perceived spaciousness and
not necessarily physical space that we often want to
maximize. As this set of experiments demonstrate,
the relations between space and spaciousness is far
more complex, and involves a number of perceptual
factors.

Figure 9
Rated Spaciousness
(S) for different
volume
configurations
(Control
experiment with
movement)
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The relation inferred through this study can be used
to the advantage of designers in amultitude of ways.
Rather than approaching the maximization of spa-
ciousness purely through the maximization of physi-
cal space, one can, over and above that, approach it
through theminimization of visual obstruction at eye
level. Smaller volumes within large enclosures com-
monly occur as toilets, lofts, closets, or arise due to
the intersection of two adjacent enclosure volumes.
Different geometric configurations for the same ab-
solute volume of enclosure also present very differ-
ent degrees of visual obstruction with respect to the
perception of the space in its entirety. This concept
may in fact also be extended to the layout of furni-
turewithin an enclosure, though further empirical re-
search in that direction can give us a more detailed
insight into the dynamics of that field.

Partition configurations and perceived de-
gree of separation
The set of enclosures pertaining to different configu-
rations of partitions have been described in the pre-
vious section. The study was focused towards as-
sessing perceived degree of separation that subjects
attributed to each of these partition configurations.
As was the case for the previous sets, the results ob-
tained here did show a great degree of consistency
across subjects. The inferences drawn out of this set
are however more nuanced, and the pattern of re-
sponses seemed be less governed by any single pre-
dominant factor. The data indicates clearly that in-
stance 4, i.e. the enclosure with a partition wall with
clerestory opening, corresponds to the highest value
of rated degree of separation, while instance 1 with
the single vertical opening corresponds to the low-
est value. (Figure 10) Again, the partition configura-
tion with dense bars created a higher sense of sep-
aration as compared to the one with broader bars.
The fact that instance 4 creates the greatest sense of
separation is self-evident - there is no ‘visual’ connec-
tion between the two spaces that is presented to the
subjects. This is in tune with the dominant inference
drawn from the previous two sets - that of the major

role of the visual field along horizontal eye level.

Figure 10
Rated degree of
Separation (P) for
different partition
configurations

The underlying pattern (if any) behind the relative
order of degrees of separation is not directly evi-
dent. The sole factor of openings along visual field at
eye level alone cannot account for the nature of re-
sponses as all the variants except instance 4 have the
exact same amount of opening along horizontal axis
at eye level. (Figure 11)

Figure 11
Larger, unified
openings along
horizontal axis at
eye level
correspond to lower
values of rated ‘P’

There appears to be more than one defining factor
here, many of which were hinted at through the run-
ning qualitative responses that were recorded. One
such factor may be the issue of access. During brief-
ing before experimentation, all subjects were asked
to rate the degree of ‘visual separation’ between the
two spaces that the partition provided, and were
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asked not to take possibility or ease of access into
consideration. However, the two appear to be very
closely linked from the perceptual point of view. In-
stance 1 presents the greatest ease of access be-
tween the spaces, and thus has a very low value in
rated separation. Instance 3 again presents a possi-
bility of access, and thus comes just above Instance 1
in ascending order of rated separation. For both In-
stance 2 and Instance 4, access was not a possibility.
However Instance 2 presented a great degree of vi-
sual access between the two spaces, which was ab-
sent in Instance 4, thus explaining the relative order
of rated separation. This analysis can be condensed
to arrive at a more generalized factor that influences
rated degree of separation. It may be said that larger
unified openings along horizontal axis at eye level
create a lower sense of separation as compared to
smaller and more dispersed openings. This axiom
may also pertain to access as larger unified openings
automatically suggest agreater possibility of physical
access.

This principle so derived can be used as a thumb
rule and incorporated into the design process. The
degree of visual connection between two spaces de-
fines to a large extent one’s experience in each of
these spaces. A higher degree of connection allows
for one space to exert a great deal of influence on
how one will experience the other. This set of ex-
periments has demonstrated that it is not only the
amount opening, but the configuration of opening
which also dictates the perceived degree of sepa-
ration. The derived inferences can be employed
by architects to create higher or lower degrees of
perceived separation without changing the absolute
amount of physical obstruction.

CONCLUSION
This this body of work was an initial step towards
providing architects with a body of empirically val-
idated data pertaining to the perceptual realms
within space. This can, in due course of time, re-
duce the role of intuition in the design process, and
lead to more rationally grounded design decisions

pertaining to architectural experience. While some
of the findings presented in this paper may already
be in use in architectural practice as intuitive ‘thumb
rules’, it only a scientific approach to the realm of
perception that can allow us to uncover any under-
lying logic that governs our experiences. It is only
when there is focused inquiry towards the nature of
such correlations, thatwe canmakeuse of our knowl-
edge to achieve specific endswith respect to howwe
wouldwant anoccupant toperceive a space, possibly
leading to the development of ‘design standards’ in
the future with respect to perceptual attributes. The
methodology adopted in this study has the potential
to be drawn upon, refined, and applied in similar fo-
cused experiments, directed towards making the in-
tangibles a little more tangible.
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