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Abstract
The work presented in this paper stems from the broad hypothesis that architectural interest is aroused
when a setting is able to inspire a richness and variety of percepts and alternative visual and spatial
interpretations. The specific hypothesis to be tested is that changes in illumination and location from which a
perspectival scene is presented will lead observers to make substantially biased selection of cues used in
understanding the layout and the emotional charge registered in the view. Two experimental studies are
presented, both using selected views of Tadao Ando’s Pulitzer Foundation of the Arts as a case, and designed
to elicit specific verbal responses from the observer about their reading of the space. The first study,
exploratory and schematic, finds that subjects register strong distinctions along three dimensions of response
depending upon the level of illumination in a given view—how immersive the view is, how decipherable it is,
and how likeable it is. Building on this, a second study explores in more detail the effect that subtle changes
in location of vantage points can have upon viewers’ attention to cues providing information about layout,
and so upon their mental maps of the environment. The findings from this study not only confirm that
changes in vantage points influence perception, but more interestingly that the effect is on the complexity of
the subjects’ mental maps of the environment and the richness of relations they deploy rather than
preference to certain elements. The study therefore makes a strong case for modeling perceptual
organization of space as a means to investigating the influence that syntactical structure of space can have
on a viewer’s imaginative perception of a given setting.

8024:1

Proceedings: Eighth International Space Syntax Symposium.
Santiago de Chile: PUC, 2012.

The work presented in this paper stems from the broad hypothesis that architectural interest is aroused
when a setting is able to inspire a richness and variety of percepts and alternative visual and spatial
interpretations.
To address this hypothesis, experiments were conducted with subjects being shown photographs of selected
images of a building recognized for its architectural qualities, though not familiar to the subjects, and asked
to respond in specific verbal formats to the views shown to them. In the first of the experiment, the subjects
were to respond to the same view seen under different lighting conditions, and in the second, to several
views of the same setting taken from systematically varied vantage points. These experiments did not test
the broad hypothesis directly, but rather a subsidiary hypothesis according to which changes in lighting or
location would create different emphases on what the subjects perceived consciously; this contributes to
perceptual richness in particular settings.
This subsidiary hypothesis is not obvious—particularly in the context of space syntax studies where all that is
visually available to a subject at a location is normally taken as playing a role in determining the behavioral
or perceptual outcome within the setting – with exceptions (Stavroulaki and Peponis 2005; Bafna et al.
2010). The work presented here, takes it as a given that human perception does not equally involve
everything that is available to vision, that it is selective and constructive, that such selection and
construction can be influenced by the design of the environment in ways that can be systematically
understood.

LOGIC OF THE EXPERIMENTS
The task given to subjects in both experiments was a variant on visualizing the given space in such a way
that they could give verbal responses about it. The assumption was that in creating a visual image of the
given space, subjects would selectively attend to its different parts and in reporting verbally they would be
compelled to prioritize what they reported seeing.
Our approach takes as its point of departure a theory of spatial representation advanced by the
neuroscientist John O’Keefe and his collaborators at the University College in London. O’Keefe has proposed
that the specific cells in the hippocampus of a subject have the capability of mapping the relative location of
a selected set of visual features in his or her environment, thus creating a non‐egocentric mental map of
environment (set in a Euclidean space) against which the change in location or orientation of the subject’s
body can be continuously monitored (O’Keefe and Nadel, 1978). Most of the experiments for this
hippocampal mapping were done in animals, but there is evidence that visual features in the environment
are mapped in a similar way in the human hippocampus as well (Maguire, Burgess et al. 1998). But this
neuro‐scientific work does not tell us precisely how extensive or large this set of cues can be, nor if the
extensional and other identifying properties of these cues play a role in constituting the hippocampal mental
map. Experimental work in visual perception has given rise to number of different competing models of the
way such cues may be represented in the brain; in virtually all of these, the fundamental element in mental
maps is the description of the environment as a set of surfaces of differing extensions and orientations
surrounding the subject. Once the description of such a set of surfaces is available, cues may be thought of
as invariances in an otherwise changing pattern of surface textures; such cues appear not only as actual
elements like walls or floors, but also occluding edges, or consistent patterns of light or cast shadows
(Gibson 1950, Koenderink 1984). In other theories, our perceptual system systematically builds up perceived
objects by using heuristics to first describe these surfaces in descriptions of increasing dimensionality (Marr
1982, Hoffman and Singh 2003), and then assembling them to construct recognizable objects. The reading of
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cues in this case can be partially top‐down. For instance, knowing that the surface seen with varying tone is
the side of a wall near a window, a subject can assign the changing tone to change in illumination and thus
read it as a depth cue.
Broader work on the cognitive mapping of space has discovered reasons to believe that the mapping of
space in our mind is multi‐modal; our spatial mapping of the environment depends not only on visual cues,
but also other modes of perception—propioception, for instance—and it happens in different modalities
that may exist at different levels of geometry (metric or topological) and may be represented in different
ways within the brain—in the visual sytem, in the sensorimotor system, or in a procedural format (Kuipers,
1982, p. 218). Our study, however, is limited to the space that is perceived visually. This choice is made
primarily for analytical reasons—mental maps of different modalities function in relative exclusion from
each other; we were primarily interested in the moves that designers make with respect to the visual form,
and it makes sense to design studies that focus on distinct modalities in order to discern phenomena more
sharply, before more synthetic theories can be attempted.
A critical point that emerges from all the work on perception is that many of the visual cues available in a
scene are also available in a photograph of the scene—that, as far as the understanding of the basic shape of
space goes, the viewing of a photograph of a scene differs from the viewing of the scene itself not in kind
but in degree (Cutting 2003). This partly validates our use of photographs to collect data on perception of
scenes. It goes without saying that the use of photographs also restricts the cognitive mapping of space to
the visual mode.
In short, then, we use cues selectively to construct a mental map of our visual environment. At least one
aspect of this map relies on mapping the location and orientation of visual cues relative to each other (i.e.
non‐egocentrically). These cues may be of varying kinds—surfaces, parts of surfaces (edges, folds, consistent
shapes of cast shadows and illumination, and so on), and more complex objects created by heuristic
assembling of surfaces. But because these cues are not a pre‐given, but are identified on‐the‐fly by the
perceiving subject, different subjects within a given space can construct potentially cognitive spatial maps of
the same physical environment. These differences are not likely to appear as a gross mismatch with respect
to the actual geometrical configuration unless the environment offers seriously ambiguous information;
rather they should occur at a finer scale. What is common to all viewers is an overall view defined only in
coarse detail, but what may change from viewer to viewer are the individual elements picked‐up by those
elements of the visual system that handle the perception of fine detail.1
The difference in the picking‐up of these details, and so of their conscious awareness, lies not only in a
different formal understanding of the scene, but also in their ability to impart different emotive qualities—
the ‘color’ or ‘tone’, figuratively speaking, or the mood—to the perceived space. And that is because the
details that are picked out act as cues giving different degrees and quality of information about the scene.
The characteristic gloomy, threatening, environment created by the excessively shadowed visual world in
typical film noirs, or the anticipatory stillness in several of Hitchcock’s mid‐period films brought about by a
combination of wide angle views, sharp detail, and saturated colors (made possible by VistaVision

1

These elements of the visual system include the foveal region of the retina, as well as information channeled through the fine spatial
frequency filters (de Valois and de Valois, 1998), and very likely information transmitted to the inferotemporal cortex through what is
called the ventral or parvo‐cellular stream, which is thought to be concerned with the “what” of the scene (see for instance, Livingstone
and Hubel 1988: 240). To bring this system into play, to see fine detail, and to recognize objects, seems to necessarily require focal
attention, but a general awareness of the environment seems to be available through a secondary and background consciousness that
works well with the coarse details that peripheral vision is able to provide (Iwasaki 1993). We proceeded, in this experiment, with the
assumption that this secondary consciousness of the scene would be common to all subjects, but the consciousness of foregrounded
elements would vary with focal attention.
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cinematography and Technicolor color process) are good reminders of the potential of manipulating visual
cues in scenes to create very specific moods.
It is the effect of manipulation of cues in creating different mental representation of scenes that we wanted
to explore in this study. For painters, or photographers, or filmmakers, the manipulation of cues is a
relatively straightforward business—demarcation of shadows, or arranging of lighting to model a subject,
controlling ambient lighting, determining relative occlusion of figures, and such activities are their stock‐in‐
trade. But for designers of buildings, manipulation of cues is by definition a more indirect and complex
activity; indirect because they cannot fix the actual illumination or framing of what is seen, much less
determine the point of view from which it is seen. There remain, however, at least two indirect means at the
disposal of the designers. The first is that they do have a fair amount of control of the illumination of the
scene—they can organize both sizes and positions of openings like windows, skylights, and to an extent
determine artificial lighting, as well as arrange surfaces within a scene to model the distribution of
illumination further. As anyone familiar with photography in both stills and movies can assent, lighting can
play a tremendous role not only setting mood, but also in creating differential readings of the layout itself
(Gibson, 1950; more recent research has concluded, however, that it does so by affecting other more direct
sources of depth reading such as relative size and aerial perspective, see Cutting 1995, pp. 95‐6). The second
is that buildings are almost invariably asynchronously perceived environments—an observer has to move
constantly in order to understand buildings, and as he or she does so, the cues available to him or to her
shift constantly. Occluding edges are created and disappear, views are revealed, resolution of perceived
features or elements in the environment changes with distance. As we have already seen above, the
observer’s understanding of the layout of his or her environment is always provisional and incomplete, and
movement allows the observer to constantly revise and update this understanding—to revise his or her
mental map of the environment—with changing positions.
All this is fairly well known, but what is not always appreciated is that shifts in vantage points and lighting
conditions can also orient selective attention; a designer, in other words, can influence which subset of
features an observer will notice and consequently deploy in building up a cognitive map of his or her
immediate environment. This reasoning comes from recent experimental work in attention. Researchers
have shown that in the absence of attention even fairly large features in the visual environment can go
completely unseen—a phenomenon termed ‘inattentional blindness’ (Mack and Rock, 1998). In fact, Mack’s
and Rock’s strong claim is that without attention, there cannot be any kind of conscious perception. This
means that an observer can be primed to ignore or notice specific features of the environment by
manipulating his or her attention. The orienting of attention to objects can come from two sources—
intrinsic or ‘voluntary’, when the observer is interested, for their own reason, in visually exploring an object,
say in the context of attending to a task; and extrinsic, or ‘captured’, when something catches one’s eye.
The focus of attention can shift in size as well, going from sharp and narrow (or local) using foveal and para‐
foveal vision to being diffused, or global, in which peripheral vision may be brought into play as well. Studies
have shown that it is difficult to divide the attention between the two so that at any given time, attention
can be either predominantly global or local (Sperling and Mechner 1978); which of the two takes
precedence is often determined by environmental conditions or the task at hand (Shiffrin 1988). Thus one of
the questions that we were interested in was what attributes of form could lead the subjects’ attention to
being dominantly local or global.
Our experimental procedure was to ask the subjects to study a set of photographs and to report on what
they saw in specific formats, each designed to get draw the subjects’ attention to the reading of the spatial
organization of the scene presented in the photographs. Based on our understanding of the work in vision
research, we assumed that the task would first put the subjects in a state dominated by diffuse spatial
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attention, as they attended to the scene as a whole in organize their understanding of the space presented
to them, and then narrow it down selectively, in the process, shifting the mode of attention from ‘captured’
to ‘voluntary’, as the attention is driven by specific goals of identifying, deciphering, and relating whatever
cues are selected. The puzzle to be investigated was that of defining these features of the environment that
come into play when subjects pursue a task in a state of endogenous or voluntary attention.
Our general working hypothesis was that differences in illumination of the scene and of the changes in
relative location of vantage points, exemplified in different sets of photographs made available to the
subjects, would lead to systematic variation in the range and variety of the features picked‐up and identified
as cues. The constraints on the reporting format were naturally put in place to make the identification of
these features and their relationships as straightforward and as unambiguous as possible. Readers will note
here that we are not proposing a firm statistical hypothesis to be proved, or disproved here; our intention
was exploratory and we were primarily interested in seeing if reliably large differences are seen in the
subjects’ responses to different sets of images. The attempt was to see if statistically robust perceptual
phenomena could be generated.

THE CASE
Tadao Ando’s Pulitzer Foundation for the Arts building at St Louis (PFA), completed in 2001, (Figure 1) was
used as the source for all the views presented to the subjects in these experiments. The building was chosen
for its apparent geometric and spatial simplicity. This simplicity comes in the form of basic rectilinear
geometry and a highly reduced palette of discrete elements. These qualities served the purpose of the pilot
study in two ways. First, it allowed us to set up experiments in which the elements that the subjects respond
to could be easily counted, and second, the impact of such elements on overall perception could be easily
assessed. Furthermore, the building is very telling example of how evocative expression can be created even
in very simple and straightforward designs simply by accentuating the relationship between the different
compositional elements of the design. Design skill, particularly in minimalist design, resides in the ability to
suggest a richness of relationships even where there is an apparent paucity of stimuli.
Given this distinctive quality, the choice of the building does raise issues of generalizability of results, but at
this point our intent is to explore methods, and to fine tune the theory.

Figure 1: Tadao Ando, Pulitzer Foundation for the Arts, 2001, St Louis, Missouri
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EXPERIMENT 1
The first experiment involved presenting subjects with photographs of the building taken from
predetermined positions, at different times, and with a standardized set of different shutter speeds for each
photograph. This was done to systematically vary two kinds of cues that viewing subjects use to understand
the scene presented and to make emotional responses to it. The first type of cues arises by virtue of self‐
shadows and shading, and those are determined by the amount of ambient light. Excessive light washes out
self‐shadows and turns shades into abstract tones, so that surfaces lose their identifying properties. The
second type of cues arises by virtue of cast shadows, and they are affected by the time at which the
photographs are taken. The shape of such cast shadows offers very precise cues about the shape of the
surface that receives them, as well as a more diffuse sense of the location and size of the object that is
casting them (and which may not be present in the photograph itself). We test whether these types of cues
make different combinations of edges, folds, and surfaces salient thus creating very different kinds of
readings of the scene presented. Figure 2 shows one such set of photographs.
The viewer's reactions to these photographs were measured along three sets of binary variables: 1)
decipherability, which checks if the observers felt that a clear and coherent understanding of the scene
could be achieved, 2) immersiveness, which checks if the observers could imaginatively visualize themselves
within the scene, and 3) emotional reaction, which simply asked viewers to rate whether their affective
response to environment was perceived to be positive or negative. The aim here was simply to check if the
subjects would make systematic and consistent distinctions along these three dimensions of judgment. Our
preliminary results (Figure 3) showed that in most cases the distinctions were remarkably consistent. In fact,
the only condition that produced strongly equivocal results was when the light quality was balanced (2.5
Figure 2) and cast shadows were absent.
This result indicated that the immersivity of the environment presented depended upon both
decipherability of the scene presented, as well as a judgment about location. In Figure 2 (2.5), the scene is
decipherable, but is not registered as one in which the subject is immersed because, due to reflections, the
vantage point indicated by the image lies “outside” the scene depicted in the view.
This first experiment did not allow us to get further into the reasons why subjects made certain choices. For
the second experiment, in which our plan was to explore the effect of different vantage points, therefore,
we decided limit ourselves to one of the three dimensions studied—that of decipherability with a view to
obtaining a deeper understanding of what elements constitute the reconstruction of mental map that
obviously underlies the deciphering of the image presented.
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2.1

2.2

Self‐shadows
Cast shadows
Real Visible Edges
Virtual Visible Edges
Identifiable Surface (Texture)

2.3

2.1
‐
++
+
++
‐

2.4

2.2
‐‐
++
‐
+
‐‐

2.3
‐
+
‐‐
+
‐

2.5

2.4
+
++
++
++
+

2.5
++
‐
++
++
++

Key: ++ means strong present; + means present; ‐ means weakly present; ‐‐ absent
Figure 2: Conditions of light can alter the perception of the spatial syntax of a setting

Figure 3: Table. Responses of 24 subjects to the photographs shown in Figure 2

EXPERIMENT 2
The second experiment was designed to explore subjects’ perceptions of specific elements and their
relations while imagining themselves traversing a room. The expectation was that experiencing the room in
photographs taken from systematically varying vantage points would lead to systematic variation in the
perception of different features of the room and of the relationship between them.
Each subject was given a set of three photographs, out of a larger set of five, taken at selected vantage
points inside a single gallery in the PFA. 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. This had several advantages: 1) it allowed us to clear the gallery of all
most incidental elements as well as artworks and temporary installations; 2) it allowed us much freedom to
experiment with and select appropriate vantage points; and 3) it allowed us to create appropriate lighting
conditions by setting up supporting lights throughout the scene in ways that would not have been possible
in the actual building.
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The five selected views were all taken in one gallery of the museum (Figure 4), which is, in broad overview, a
long space, taller than it is wide (168 feet long, 24 feet wide, and 24 feet high). The walls are plain, white,
and so is the ceiling, and the floor in polished gray reinforced concrete. All the views are oriented in the
same direction, along the major axis of the gallery, and all show most of the major compositional features of
the gallery—the asymmetrically split floor, the broad staircase, a low parapet with a railing separating the
split, the long glazed opening to the right, (which is 6 feet in height, from the floor of the gallery), the strip of
the floor to the right ending in the doorway, the shaft of light, illuminating the end of the gallery (possibly
from a skylight), the large vertical abstract painting on the end wall, the broad strip of water outside the
window, the exterior of another gallery beyond that, and the right turn in the corridor at the bottom of the
staircase that appears to go under the continuing strip of floor.

1

2

3

4

5

Figure 4: Photos taken from the vantage points, used in the experiment
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Vantage points and assigned paths
In selecting the five vantage points we drew from the theory and procedure developed by Peponis et al
(1997) to objectively partition a configured space based on the visibility of specific edges and surfaces. This
procedure identifies convex spaces that are informationally stable—that is, spaces within which all points
are visually exposed to an unchanging set of occluding edges and folds in the surfaces that define the overall
configuration. This meant that any vantage point selected within a convex space would not differ in
substance from others; we had therefore a choice of finite number of convex spaces rather than an infinite
choice of possible points from which to select the five of interest to us.
Within this finite but still large set we could further narrow our choices by identifying the key features
whose visibility would play a role in eliciting the variation in response that we expected. Thus, we gave
emphasis to the division of space into a large and a narrow band along its length, extending s‐ and e‐
partition line from edge of the low parapet separating the staircase from the passage to the right. We also
acknowledged the threshold at which information regarding the descent to the lower level becomes
available, extending the logic of the e‐partition to horizontal occluding edges (Figure 5). In section, a visual
threshold is defined depending on how the edge between the end wall and the surface of the lower level
floor is occluded by the drop in the floor at the first step of the staircase. The visibility of this edge gives a
clue for judging the length of the space we are in and also a clue for the height of the double space at the
end of the hall (vantage points 1 and 3 on Figure 4). The second visual threshold is similarly defined by the
appearance of the stair landing in the visual field. That provides a clear understanding of connectivity and
the option of visiting the lower floor (vantage points 1 and 5 on Figure 4).
Those three visual thresholds were fully determined by the geometry of the design, and gave rise to the
convex partitioning seen in Figure 5. Within this, we used an additional criterion to fine tune the location of
the vantage points, and this was to assume a restricted angle of view instead of the usual all round (360°)
vision that is assumed in creating the e‐partitioning of a given space. Taking the angle of view to be 90° to
prevent perspectival distortion in views, we could now position the vantage points so that in two vantage
points (Figure 6 and Figure 7) the jamb of the large window lay within the field of view, and in the rest, the
jamb was not visible, thus visually implying that the window continued outside the field of view.2
Having obtained the five vantage points, we assembled them into a combination of four different paths.
(Figure 8) Vantage point 5, closest to the far end of the path was common to all the paths. The remaining
four points were permutated in order generate four different sequences as follows: path A defined by
vantage points 1, 3, and 5; path B defined by vantage points 1, 4, and 5; path C, defined by vantage points 2,
3, and 5, and path D, defined by vantage points 2, 4, and 5. In the analysis that followed, the paths would be
our primary explanatory variable, that is to say, our primary interest was in determining the differences
between subjects assigned to different paths not to their response to the individual views associated with
each vantage point. This was done in order to tone down the effect of individual elements in any given view
on the subject responses. We wanted our subjects to make statements about the space they visualized by
combining and relating the views together, not to items of interest in any one view.

2

We note that while the photographs were taken based on an analysis of plan geometry, they also embody rich additional qualities. For
example on view 1 the artwork has a dramatical relation to the observer hanging across a void at an ambiguous distance with the
skylight disappearing down into some unknown vertical depth. Also though view 2 is taken just 9 feet away from view 1 it underscores a
distinct dominating feature, namely passage bridging between the main hall and the door at the far end.
8024:9

Proceedings: Eighth International Space Syntax Symposium.
Santiago de Chile: PUC, 2012.

Figure 5: Partition lines for establishing viewing point locations

Figure 6: Fine tuning of vantage point locations

Figure 7: Vantage points and the visibility of the key features
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Figure 8: Vantage points and assigned paths

Response Data
All the subjects were asked to visualize the space visible in the photographs, and to produce a description of
their presence in visualized space using only five sentences. In keeping with our intent to make the subjects
respond the visualized space of gallery and not to individual views, the three photographs of the entire set
were presented together to the subjects, and in no particular order, and the subjects were clearly instructed
that the sentences could be written in any order, or edited at will, during the exercise. No time limit was
set—the subjects were actually encouraged to take the time to think about the visualized space before
entering their response, comparing the three photographs, and, on an average, took about 15 minutes to
complete the exercise.
The sentences were grammatically and referentially constrained; this was facilitated by giving the subjects
templates of possible formats to report in. Three of the sentences were to refer to the three views they
were shown, and two to the transition between these views. The sentences reported by the subjects were
all in first‐person format, and in active voice using one of four allowable verbs (selected from one of the
following: ‘move’, ‘stand’, ‘look’ and ‘notice’). The choice of the four verbs allows us to draw two kinds of
distinction between modes or stances of attentiveness. First, “move” and “stand” suggest a more ego‐
centric stance in the observer’s relation to his or her object of attention, while a subject selecting “look” and
“notice” is obviously taking an allocentric stance. Second, “move” and “look” presuppose an action‐oriented
8024:11
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and active stance, unlike “stand” and “notice” which indicate a comparatively passive stance, not just in the
sense that movement is not implied, but also in the sense that “noticing” is something that happens to you,
whereas “looking” is what you do (White, 1964, 22‐37).
The template included at least one preposition and a noun phrase referring to some feature of the building.
The instructions also included a suggested list of prepositions—this to alert the subjects to possible richness
of relations available in English. No restriction was placed on the length of the sentence. The template
allowed subjects to freely add further prepositional phrases, and even other clauses and entire sentences, if
they so wished (Figure 9 and Figure 10).
This grammatically constrained template was developed to discourage statements of feelings, open‐ended
metaphors, and other comparative statements, and entirely subjective description of emotions. Our aim was
to keep the subjects focused on the task at hand, which was to visualize the depicted space using the three
views and to describe that space. The constraint was also practical in helping us generate variables of
interest from the response data in ways that minimized the interpretive biases of the research team
members.

Figure 9: Sentence format for subject’s verbal reports
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Figure 10: Samples of reported sentences

Results
In analyzing the data, our general intent was to look at different aspects of the sentences reported by the
subjects, and to see if the subsets of photographs that they were assigned to explained some of the
variation in the quantities reported. Statistically speaking, then different aspects of sentences generated
different response variables of interest, and the path type was used as the main explanatory variable. The
four types of path differed with respect to each other in the following way:
The unit of analysis varied. It was either each sentence reported by the subject giving a total N=360, or it
was the subjects themselves (N=72). Two qualities of subjects could have played a distorting role in studying
their responses—their background (i.e. whether they had a visual design background or not), and their sex
or biological gender.3 This was controlled for in two ways first, every path was given equally to 18 subjects,
counterbalanced with respect to sex (men and women) and background (those with some training in visual
arts and those without). Second, we entered sex and background as controlling variables in modeling the
response variable. In those cases where these variables did not either generate significant changes in overall
correlation coefficients, or in partial co‐correlation values (i.e. in variable parameters), they were taken out
of the models, thus reducing the models to a simple ANOVA procedure, with path type as the only
explanatory variable.

1. One path is associated with sentences containing more prepositional phrases than the other paths.
The first finding of interest was that the subjects assigned to path D produced sentences with significantly
more prepositional phrases compared to those assigned other paths.4

3

In this paper, we use gender and sex interchangeably to classify our subjects using overt biological male / female distinctions.
Sex/gender being only a control variable here, we offer no hypotheses on whether any observed differences are due to biological
factors or culturally defined identities.

4

In setting up the experiment, we had expected much richness in data to emerge not just from the number of prepositional phrases
used, but also from their variety. We actually expected such variety to reflect directly the richness of relations in the mental maps that
the subject constructed of the visual environment. In practice, however, we came up against the flexibility and adaptability of the
English language. We found that a number of subjects had used different prepositions to refer to very similar relations, and that a
number of them used the same preposition to refer to completely different relationships. The word ‘through’, for instance, could mean
seeing through a glass pane, or walking through a space, or even more problematically, the word ‘down’ could be used to describe
horizontal movement (“going down the gallery”), or vertical one as in “going down the stairs”. Given the richness of prepositional data
and the complexity of sorting it out, we deal only with very objective descriptions in this paper. Even preliminary work on classifying
prepositional phrases (see result 2 in main text), however, promises much insight.
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In the analysis presented in Appendix 1a, the response variable is the number of prepositional phrases
reported by the subject in each sentence. The mean number of phrases for path D is 2.08 (± 0.22 at 95%
confidence level, N=90); subjects assigned to path A, consistently reported fewest phrases (mean = 1.43 ±
0.22, 95% CL, N=90), which is lower but not significantly different from paths C (1.60 ± 0.22, 95% CL, N=90),
and B (1.51, 95% CL, N=90). The mean for D is significantly higher than the rest (overall F= 7.57 (df=356, 3),
p<0.0001). Each prepositional phrase in a sentence picks out one feature or element to which the subject’s
attention has been drawn. Since the sentence was constrained in form to produce at least one prepositional
phrase from each subject, any additional prepositional phrase acts as a qualifier to the basic sentence by
introducing one additional element with specific relation to the one central to the sentence. Thus, “I look
down the hallway at the painting ahead” or “I notice the window beside me to my right and the small wall
along the corridor”. The number of prepositional phrases thus reflects directly not just the subject’s
understanding of the spatial relationship amongst the features, but also the necessity he or she feels in
explicating that understanding. Subjects who were moved to report sentences with greater number of
prepositional phrases, therefore, arguably possessed a more complex mental representation of the spatial
configuration of the environment. Their mental map of the environment involved denser spatial relationship
amongst the cues. It is possible that prepositional phrases other than those describing spatial relationship
could be used. For instance, one subject reported, “I notice more details about the building,”, and another
wrote, “I am looking out before ascending,” (prepositional phrases highlighted by us). In counting the
prepositional phrases, we did not include such prepositional phrases.
We also found that both background could also explain some of the variation in number of prepositional
phrases reported, background (Appendix 1b; Appendix 1c). The 95% confidence intervals for those with
visual background being (1.68 to 1.98, N= 180) as compared to those without (1.34‐1.63, N=180), the
difference being significant at p = 0.0014, for F=10.427, df (358, 1). We wondered if sex differences would
make a difference as well, and although we found some difference, it was not statistically significant. The
95% confidence interval for females (1.56‐1.87, N=170) indicated a tendency of females to report more
phrases than those for males (1.45‐1.74, N=190), but neither reaching standard statistical significance
(F=1.418 (df = 358, 1), p=0.23), nor being substantively very large. Although the subjects in our study were
completely counterbalanced over both these categories, per path, we modeled the number of prepositional
phrases reported using sex and background variables as well and confirmed the distinction of path D, from
other paths, even controlling for the variation due to these additional variables (R square, in the model with
additional explanatory variable showed only a minor increase to 0.092 from 0.060). The interaction terms
gave insignificant results and were not included in the model.
(See Appendix 1)
It is clear from our analysis, therefore, that path D was more likely to elicit construction of more complex
mental maps, and significantly so, and that path A likewise least likely to elicit construction of complex
mental maps, even when controlling for factors like sex and background.

2. Two paths are associated with more diffused patterns of attention and the other two with more focus
upon individual elements.
If we selected from all the prepositional phrases those that reflected the spatial relationships with a spatial
entity, rather than an element, we found that path B elicited many more sentences (44) with such phrases in
comparison to other paths (27, 30 and 35 for A, C, and D, respectively).
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The overall difference reaching statistical significance in an ANOVA test (F=3.02, df (356, 3), p=0.03), and B
registering significant differences with both A and C individually (p=0.008, and p=0.014 respectively, N=90
for both). Path D seems to elicit comparably high prepositional phrases of this kind as well. (Appendix 2)
This criterion for selection needs a little unpacking. An observer trying to describe his or her with the room
presented could either describe it as an encounter with some localized element, or as a general location
within a spatial entity (“I stand in a geometrical place.”; “I move down the long hallway”). This difference is
best understood by evoking the idea of attention; the subject’s attention when describing his or her
situation with respect to the view in any one of the given photographs can either be focused on some
object, or diffusely distributed to the entire visual environment. Even when qualifying a seen object in a
secondary phrase (“I move towards the light leaking at the end of the path”; “I am looking at the tall piece of
contemporary art in the open hall”), the subject might relate it to the entire space, rather than to another
object. This variable, therefore, reflects the extent to which the sequence of vantage points that define a
path of traversal through the given space diffuse and distribute the subjects’ attention. There seems to be,
in other words, a switching of global and local attention as the subjects describe the environment they see,
and this switching seems to depend upon their shifting locations. Why paths B and D should demonstrate
this more strongly will be discussed in further detail later.
(See Appendix 2)
3. One path is associated with better distributed attention across the entire perceptual field.
A third result offers further light on the kind of patterns noticed so far. For this, we modeled a variable that
captures how far the observer’s field of attention is shifted for each sentence that he or she reports. This
variable, measuring the tendency to find relations between observed elements horizontally across the field‐
of‐view, was constructed by noting in how many sentences (out of a total of five) each person made an
attempt to relate elements on one side of gallery to another. The idea behind this variable was to see if
certain vantage points lead the subject to think about, and so report, elements that are related not just
proximally, (for instance, that another building is visible across the water, or that the painting is on the far
wall), but distally with respect to each other. This is not a matter of capturing diffuse, global, attentionality
as in result 2 above, but rather of capturing a focal attention that is divided across the field‐of‐view. Such an
attention, we think, reflects an effort on the part of the observer to utilize the available cues for the visual
organization of the environment in more involved relations, and so to construct a richer understanding of
the environment given to him or her. Normally, we would seek to capture all distal relations between
reported elements, but this process is simplified in the gallery here, since almost all elements are at one end
of the gallery, at a medium to far depth from the observer. It is also natural, given our normal field of
attention, that we are relatively less concerned with organization of space in the vertical direction, i.e. from
top to bottom; in the vertical direction, we are concerned with key occluding edges (sudden rises, drops, or
change of slopes, in floors, typically), but not with constructing complex spatial maps (Ohno, 2005). Almost
all the relations capturing distributed attention, therefore, are found horizontally across the field of view
this case.
In line with results from statistical analyses in 1 and 2 above, it was path D that produced the largest number
of sentences, per subject, containing cross‐field relations (23, from 14 subjects). In comparison, Path C
produced 9 such sentences from 7 subjects; B, 10 from 6 subjects; and A, only 7 from 5 subjects (Appendix
3a). Modeling this variable (using a generalized linear model with Poisson distribution and log link, given that
this was count data), we found that D would produce between 0.85 and 1.92 such sentences per subject, on
an average, 95 times out of 100, while other paths would produce between 0.2 to 0.9 such sentences
approximately (Appendix 3b; see prediction profiler). As in the previous case, sex had a significant effect on
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the cross‐view relations reported, but surprisingly not background (Appendix 3c). Modeling the horizontal
relations variable again, this time including sex as a control variable did not change things appreciably, but it
allowed for a better estimate of number of cross‐relation sentences. For females, the 95% CI for the average
number of sentences was now 1.1 to 2.8, whereas for males, it was 0.52 to 1.53 on path D (Appendix 3d; see
prediction profiler). Again, our interest is not in these parametric values, but rather in the overall tendency.
The question to ask is why path D elicited significantly higher number of sentences with cross‐field relations.
(See Appendix 3)
Discussion
One way to understand all these results is to see these paths as being characterized by the interaction of the
cue related information provided by the constituent views of each path—in other words, it is not just the
information present in each view by itself, but rather the relation between the information provided in each
view that influences which element will primarily earn the viewer’s attention.
Consider path D. When we set up the experiments, we constructed this path as an analogue to path A, with
the initial half parallel to it, and the latter half involving a shift of direction. Our thinking was that any
difference between the subjects’ perception of the gallery from these two paths would follow from the
closer proximity of the right hand window and wall of the path D, and that this would be indicated by
greater frequency by which these elements would be picked out by subjects on path D. But this is not quite
what transpired; what seems to have distinguished the paths is not so much the overall geometry of the
paths, but the difference in the overall complexity of the spatial map that each path supported.
A closer comparison of the paths shows that in path D all the three views offer substantively greater
differences between what the subjects read as spatial cues. Thus, the view from vantage point 2 allows a
very open‐ended interpretation of what is seen to be a large window in other views; without the supporting
information from other views, it can be interpreted as something entirely different, an illuminated cabinet,
for instance. The view from vantage point 5 is considerably different from 4 as compared to that from 3; for
someone who is seeing 5 with 2 and 4, the staircase clearly discernible in 5 has a far greater information
content than for the subjects who saw 5 with either 2 and 4, or with 1 and 4 (that is, on paths B and C).
A point of clarification is in order here: information content of a feature here is not to be taken in an
absolute sense, but rather from the point of view of the ability of the feature to reveal the structure of
space, which is what the subjects were tasked to do. The difference between the vaguely illuminated frame
in the view from vantage point 2 and the window in vantage point 4, is a difference between a gallery
imagined just as a narrow rectangular space, and one where such a space is further situated next to an
exterior court, whose floor level seems parallel to the upper floor of the gallery. The subjects being tasked
visualize the space that was revealed to them in the three photographs, were primed to select cues that
reveal the structure of space, and the more the photographs differed in what the potentially available cues
could inform them about the space, the more effort they were likely to put in sorting out the spatial
relationship between them.
If this reasoning is true, then it is not surprising that path A elicited the least level of complexity of reporting.
Because the information presented in each of the three photographs matched and reinforced that
presented in its companions, the viewers tended to quickly assume a globally oriented understanding of the
space, and a relative “inattentive blindness” to the complexity of relations amongst the space defining cues.
A secondary observation (Figure 11) gives a wonderfully visual support to this conclusion. This figure visually
presents counts of the first appearance of the five major space defining features in subjects’ reports on all
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paths. The counts are classified vertically by paths, and within each of these columns by the elements, the
more distant elements being on the right. Horizontally, the responses are graded by the rank of sentences in
which the elements appeared. Note, how in contrast to all the other paths, subjects on path A, first report
the elements at the end of the view (the painting and the staircase) and only later report the elements on
the side—the pool, and the window. A point to keep in mind here is that this is not the record of when the
features were first noticed, but when they were first reported—the order presents the primacy that the
subjects gave to the elements in organizing their description of it. Subject on path A seem to have a global to
local understanding of the space they were presented with, whereas the natural tendency for subjects on
other paths is to describe a space whose shape is gradually revealed with increased complexity.

Figure 11: Tabulation of the first reporting of each major design element (pool, window, stairs, light and artwork) in each path.
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But what of the differences in other paths, particularly the difference between paths B and D, which, by this
account, should not be so sharp? After all, these two paths differ only by one vantage point, out of the
three, or in the reports, by two sentences of the possible five. But if the construction of the mental map is
due to the interaction of the information content of cues selected in the constituent views, then even
changing one constituent view out of three should have a much larger difference in the mapping of the
overall space. A secondary test that we ran on the reported sentences again illustrates how this works. If our
account is correct, the subjects on different paths (say B and D) should attend differently to the view in the
same vantage point. Given that so little discernible detail is available of the window and pool behind it, from
vantage point 2, we hypothesized that subjects on path D (vantage points 2 and 4) would tend to report the
window and pool much more than those on path B (vantage points 1 and 4). This is actually what transpired.
17 subjects on path D out of 18 reported the water and window, whereas only 10 subjects of the 18
assigned to path B, reported these elements. The organization of vantage points with respect to the
configuration of available spatial cues can lead to substantively different prioritization of available features
in the same view; it is natural that this leads to differential attention to the relationships between them.
Different structures of vantage points can lead to significant differences in the mental map of the space seen
from the viewpoints.

CONCLUDING COMMENTS
There is, then, a strong case to be made that exposing subjects to even subtly different combinations of
images of what is largely the same space, can produce not just remarkable differences in emphases and
selection of space defining cues, but in the complexity of the mental maps of the spaces thus constructed. If
this case is persuasive, two general statements can be proposed: First, our experiments have thrown some
light on how cognition is contingent upon a structure of experience; or, put differently, how the structure of
a retrieved description is contingent upon the spatial structure of experience within a constant objective
structure of space. Second, we have perhaps found some insight into how subtle design can activate
alternative modes of experience and attention, leading to rich descriptions. In other words, further work in
this area can lead to more design oriented and practical insights—a goal that has motivated our work from
the beginning. In particular, we have found support for our idea that it is not simply complexity of form, or
the strangeness of it, that elicits visual interest and emotional response from the viewers or inhabitants of
buildings, but rather the way the design reveals and withholds information about its own organization. It is
the logic of the visual organization that often drives the visual composition and not the particular motifs or
geometry.
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Appendix 1a:

Oneway Analysis of PrepPhrasesSpatial By Path
(PrepPhrasesSpatial refers to counts of prepositional phrases reported for each sentence)

Oneway Anova
Summary of Fit

Rsquare
Adj Rsquare
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0,060019
0,052098
0,998094
1,655556
360

Analysis of Variance
Source
Path
Error
C. Total

Sum of Squares
22,64444
354,64444
377,28889

DF
3
356
359

Mean Square
7,54815
0,99619

F Ratio
7,5770

Prob > F
<,0001*

Means for Oneway Anova
Level
A
B
C
D

Number
90
90
90
90

Mean
1,43333
1,51111
1,60000
2,07778

Std Error
0,10521
0,10521
0,10521
0,10521

Std Error uses a pooled estimate of error variance
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Lower 95%
1,2264
1,3042
1,3931
1,8709

Upper 95%
1,6402
1,7180
1,8069
2,2847
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Appendix 1b:
Oneway Analysis of PrepPhrasesSpatial By Gender

Oneway Anova
Summary of Fit
Rsquare
Adj Rsquare
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0,003945
0,001162
1,02456
1,655556
360

t Test
M‐F
Assuming equal variances
Difference
Std Err Dif
Upper CL Dif
Lower CL Dif
Confidence

‐0,12879
0,10817
0,08393
‐0,34151
0,95

Analysis of Variance
Source
DF
Gender
1
Error
358
C. Total
359

t Ratio
DF
Prob > |t|
Prob > t
Prob < t

Sum of Squares
1,48827
375,80062
377,28889

‐1,1907
358
0,2346
0,8827
0,1173

Mean Square
1,48827
1,04972

F Ratio
1,4178

Prob > F
0,2346

Means for Oneway Anova
Level
F
M

Number
170
190

Mean
1,72353
1,59474

Std Error
0,07858
0,07433

Std Error uses a pooled estimate of error variance
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Lower 95%
1,5690
1,4486

Upper 95%
1,8781
1,7409
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Appendix 1c:
Oneway Analysis of PrepPhrasesSpatial By Background

Oneway Anova
Summary of Fit
Rsquare
Adj Rsquare
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0,028301
0,025587
1,011955
1,655556
360

t Test
2N‐1V
Assuming equal variances
Difference
Std Err Dif
Upper CL Dif
Lower CL Dif
Confidence

‐0,34444
0,10667
‐0,13467
‐0,55422
0,95

t Ratio
DF
Prob > |t|
Prob > t
Prob < t

‐3,22908
358
0,0014*
0,9993
0,0007*

Analysis of Variance
Source
Background
Error
C. Total

DF
1
358
359

Sum of Squares
10,67778
366,61111
377,28889

Mean Square
10,6778
1,0241

F Ratio
10,4270

Prob > F
0,0014*

Means for Oneway Anova
Level
1V
2N

Number
180
180

Mean
1,82778
1,48333

Std Error
0,07543
0,07543

Std Error uses a pooled estimate of error variance
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Lower 95%
1,6794
1,3350

Upper 95%
1,9761
1,6317
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Appendix 1d:
Response PrepPhrasesSpatial
Summary of Fit
RSquare
RSquare Adj
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)
Analysis of Variance
Source
DF
Model
5
Error
354
C. Total
359

Lack Of Fit
Source
Lack Of Fit
Pure Error
Total Error

0,092125
0,079301
0,983668
1,655556
360

Sum of Squares
34,75758
342,53131
377,28889

DF
10
344
354

Parameter Estimates
Term
Intercept
Path[A]
Path[B]
Path[C]
Background[1V]
Gender[F]
Effect Tests
Source
Path
Background
Gender

Sum of Squares
11,90131
330,63000
342,53131

Estimate
1,6590909
‐0,218687
‐0,155051
‐0,05202
0,1686869
0,0636364

Nparm
3
1
1

Mean Square
6,95152
0,96760

DF
3
1
1

F Ratio
7,1843
Prob > F
<,0001*

Mean Square
1,19013
0,96113

Std Error
0,051925
0,089843
0,090217
0,089843
0,051925
0,052249

Sum of Squares
22,998742
10,211881
1,435354

Residual by Predicted Plot

Prediction Profiler
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F Ratio
1,2383
Prob > F
0,2651
Max RSq
0,1237
t Ratio
31,95
‐2,43
‐1,72
‐0,58
3,25
1,22

Prob>|t|
<,0001*
0,0154*
0,0866
0,5629
0,0013*
0,2241

F Ratio
7,9229
10,5538
1,4834

Prob > F
<,0001*
0,0013*
0,2241
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Appendix 2:
Oneway Analysis of DiffuseAttention By Path
(DiffuseAttention refers to the number of sentences with prepositional phrases containing a spatial entity)

Oneway Anova
Summary of Fit
Rsquare
Adj Rsquare
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0,02514
0,016925
0,814947
0,563889
360

Analysis of Variance
Source
DF
Path
3
Error
356
C. Total
359

Sum of Squares
6,09722
236,43333
242,53056

Means for Oneway Anova
Level
Number
Mean
A
90
0,433333
B
90
0,755556
C
90
0,455556
D
90
0,611111
Std Error uses a pooled estimate of error variance

Mean Square
2,03241
0,66414

F Ratio
3,0602

Prob > F
0,0283*

Std Error
0,08590
0,08590
0,08590
0,08590

Lower 95%
0,26439
0,58661
0,28661
0,44217

Upper 95%
0,60227
0,92450
0,62450
0,78005

Means Comparisons
Comparisons for each pair using Student's t
t
Alpha
1,96665
0,05
Abs(Dif)‐LSD
B
D
B
‐0,23892
‐0,09447
D
‐0,09447
‐0,23892
C
0,061081
‐0,08336
A
0,083304
‐0,06114
Positive values show pairs of means that are significantly different.

C
0,061081
‐0,08336
‐0,23892
‐0,2167

A
0,083304
‐0,06114
‐0,2167
‐0,23892

Level
Mean
B
A
0,75555556
D
A
B
0,61111111
C
B
0,45555556
A
B
0,43333333
Levels not connected by same letter are significantly different.
Level
B
B
D
D
B
C

‐ Level
A
C
A
C
D
A

Difference
0,3222222
0,3000000
0,1777778
0,1555556
0,1444444
0,0222222

Std Err Dif
0,1214851
0,1214851
0,1214851
0,1214851
0,1214851
0,1214851

Lower CL
0,083304
0,061081
‐0,061141
‐0,083363
‐0,094474
‐0,216696
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Upper CL
0,5611409
0,5389187
0,4166965
0,3944743
0,3833632
0,2611409
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Appendix 3a:
Oneway Analysis of HORIZONT number By Path
(HORIZONT number refers to number of subjects reporting relations between elements across their fields of view)

Oneway Anova
Summary of Fit
Rsquare
Adj Rsquare
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0,138556
0,100551
0,897982
0,680556
72

Analysis of Variance
Source
Path
Error
C. Total

DF
3
68
71

Sum of Squares
8,819444
54,833333
63,652778

Mean Square
2,93981
0,80637

F Ratio
3,6457

Prob > F
0,0168*

Means for Oneway Anova
Level
A
B
C
D

Number
18
18
18
18

Mean
0,38889
0,55556
0,50000
1,27778

Std Error
0,21166
0,21166
0,21166
0,21166

Std Error uses a pooled estimate of error variance
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Lower 95%
‐0,0335
0,1332
0,0776
0,8554

Upper 95%
0,8112
0,9779
0,9224
1,7001
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Appendix 3b:
Generalized Linear Model Fit
Response: HORIZONT number
Distribution: Poisson
Link: Log
Estimation Method: Maximum Likelihood
Observations (or Sum Wgts) = 72
Whole Model Test
Model
Difference
Full
Reduced

‐LogLikelihood
5,76783922
76,4757978
82,243637

Goodness Of Fit Statistic
Pearson
Deviance

ChiSquare
82,7640
79,9049

L‐R ChiSquare
11,5357

DF
68
68

DF
3

Prob>ChiSq
0,0092*

Prob>ChiSq
0,1074
0,1531

AICc
161,5486
Effect Tests
Source
Path

DF
3

Parameter Estimates
Term
Intercept
Path[A]
Path[B]
Path[C]

L‐R ChiSquare
11,535678

Estimate
‐0,495068
‐0,449393
‐0,092718
‐0,198079

Std Error
0,1576084
0,3102724
0,2735697
0,2835418

Prob>ChiSq
0,0092*

L‐R ChiSquare
11,951896
2,3822587
0,1171707
0,511136

Studentized Deviance Residual by Predicted

Prediction Profiler

8024:26

Prob>ChiSq
0,0005*
0,1227
0,7321
0,4746

Lower CL
‐0,823331
‐1,122842
‐0,667242
‐0,799055

Upper CL
‐0,202963
0,1129446
0,4182518
0,3271373
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Appendix 3c:
Oneway Analysis of HORIZONT number By Gender

Oneway Anova
Summary of Fit
Rsquare
Adj Rsquare
Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)

0,054103
0,04059
0,927431
0,680556
72

t Test
M‐F
Assuming equal variances
Difference
Std Err Dif
Upper CL Dif
Lower CL Dif
Confidence

‐0,43808
0,21894
‐0,00143
‐0,87473
0,95

t Ratio
DF
Prob > |t|
Prob > t
Prob < t

‐2,00095
70
0,0493*
0,9754
0,0246*

Analysis of Variance
Source
Gender
Error
C. Total

DF
1
70
71

Sum of Squares
3,443799
60,208978
63,652778

Mean Square
3,44380
0,86013

F Ratio
4,0038

Prob > F
0,0493*

Means for Oneway Anova
Level
F
M

Number
34
38

Mean
0,911765
0,473684

Std Error
0,15905
0,15045

Std Error uses a pooled estimate of error variance
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Lower 95%
0,59454
0,17362

Upper 95%
1,2290
0,7737
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Appendix 3d:
Generalized Linear Model Fit
Response: HORIZONT number
Distribution: Poisson
Link: Log
Estimation Method: Maximum Likelihood
Observations (or Sum Wgts) = 72
Whole Model Test
Model
Difference
Full
Reduced

‐LogLikelihood
8,49671215
73,7469248
82,243637

Goodness Of Fit Statistic
Pearson
Deviance

L‐R ChiSquare
16,9934

ChiSquare
75,4546
74,4471

DF
67
67

DF
4

Prob>ChiSq
0,0019*

Prob>ChiSq
0,2240
0,2489

AICc
158,4029
Effect Tests
Source
Path
Gender

DF
3
1

Parameter Estimates
Term
Intercept
Path[A]
Path[B]
Path[C]
Gender[F]

L‐R ChiSquare
11,905398
5,4577459

Estimate
‐0,532992
‐0,43118
‐0,147359
‐0,179865
0,3402471

Std Error
0,1628042
0,3103602
0,2744649
0,2836379
0,1486801

Prob>ChiSq
0,0077*
0,0195*

L‐R ChiSquare
13,229119
2,1808863
0,297242
0,419429
5,4577459

Studentized Deviance Residual by Predicted

Prediction Profiler
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Prob>ChiSq
0,0003*
0,1397
0,5856
0,5172
0,0195*

Lower CL
‐0,872946
‐1,104769
‐0,723386
‐0,781002
0,0542087

Upper CL
‐0,232052
0,1313568
0,3655463
0,3455587
0,6411787

