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Abstract: It has been recognized that one of the key issues in designing museums is the interaction
between the layout of space and the layout of objects, and spatial configurations are strongly related
to didactic narratives, social implications, and curatorial intentions. However, it has not yet been ex-
amined thoroughly how museums work from a spatial perspective. Apart from the layout of objects,
spatial configurations play an important role in creating various walking sequences, ranging from
main routes to auxiliary paths. Art museums in particular can be characterized by such deviations
generated by the auxiliary path, but they are hardly understood from this aspect. Therefore, this study
aims to explore the auxiliary paths and examine how they work through in-depth theoretical analysis
based on space syntax. By analyzing four art museums in terms of isovist attributes, syntactic
measures, spatial sequences, and possible trails, it has been concluded that in the cases of the Uffizi
Gallery and the Moderna Museet, spatial sequences work conservatively, so that auxiliary paths are
channeled back to the gathering space. This is because the walking experience is strongly correlated
with visual syntactic features such as connectivity, integration, and intelligibility. Conversely, walking
sequences in the case of the Centre Pompidou and the Alte Pinakothek work generatively, and aux-
iliary paths are rarely related to the gathering space because the walking experience is strongly
concerned with visual geometric properties such as isovist area/perimeter and occlusivity.
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1. Introduction

7

According to Macdonald, “collecting is fundamental to the idea of the museum,”’
and “the idea of the museum has become fundamental to collecting practices” (p. 81, [1]).
Collecting is a kind of social activity of re-contextualizing objects; therefore, museums play
a role in regulating, forming, or creating some kind of meaningful “whole.” On the basis
of this conception, museum research has been conducted to identify types of collecting,
analyze different motivations, examine collecting types in relation to social attributes,
and explore the interaction between display layout and building morphology.

In terms of a museum’s morphological features, according to Pevsner, there has been
an important change: collecting was usually displayed in either “centrally planned rooms”
or “long galleries” until the 17th century, but from the 18th century, there was a strong
tendency to set out collections in a spatial layout (p. 113, [2]): that is, the trend to “separate
the types of items.” For example, L.C. Sturm suggested that an ideal museum is where
“there are rooms for objects of natural history as well as one room on the top floor for small
paintings, drawings and sculpture” (p. 114, [2]).

Regarding including and separating the types of items, one of the stereotyped mu-
seums was suggested through a series of museum competitions, such as the museums
designed by Guy de Gisors and ].-F. Delannoy in 1778-79, E.-L. Boullée’s museum in 1783,
or ].-M.-L. Durand’s design in 1802-09. These museums generally comprise a large square
and set into the square is a Greek cross with four courtyards, with the four arms stretching
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out from a central “Pantheon rotunda” for works of art, natural history, a print room, and a
library, etc. (pp. 118-123, [2]).

On the other hand, another stereotyped spatial morphology developed throughout
museum history includes the Alte Pinakothek, designed by Leo von Klenze. The museum
building is composed of a loggia, interfacing a series of many small rooms for displaying
artworks on the one side, and leading outside to areas such as streets or gardens on the other
side. Interestingly, the loggia provides access to all the small rooms, and it is somewhat lim-
ited for visitors to generate their own paths. This means that their movement is generated
and controlled by the loggia. This may be termed as a lineally structured museum.

On the basis of this aspect, studies on museum architecture have focused on under-
standing museum space as a device for enhancing social interaction, shaping knowledge
by classifying and arranging things, or creating a chronological sequence throughout the
overall spatial organization [3,4]. Moreover, the space syntax community has focused on
identifying the main dimensions of the variability of spatial layout and display strategies,
proposing that both building and display layouts are intentionally designed not only to
convey “a pre-given meaning” and reproduce “information” but also to create “possible
meaning” and generate “a richer spatial structure” [5-8]. These theoretical aspects stress
that there is a strong interaction between physical museum buildings and the process
of collecting.

Thinking about the morphological features in terms of the walking experience, it has
been suggested that a museum with traditional enfilades, such as Durand’s Museum, offers
several equal alternatives for continuing the visitor’s route and, particularly, this spatial
layout is often applied to museums that comprise different types of items or functions and
deliver diverse themes. Thus, this type of museum does not need to have a long, narrow
corridor. By contrast, a lineally structured museum, such as the Uffizi Gallery, the Alte
Pinakothek, or the Moderna Museet, where spaces are rarely linked to one another but
mostly adjoin with the loggia or corridor, creates a viewing order of items or themes, so that
visitors might experience a single sequence along the loggia or corridor.

Brawne, however, has made an interesting point regarding the lineally structured
museum: it provides auxiliary paths derived from the single main route [4]. This means
that although the overall movement pattern is guided and even controlled by that single
sequence at a global level, we can experience meaningful deviations in terms of walking
sequences at a local level. Spatial experiences in this museum building could vary in
terms of such auxiliary paths, and therefore such experiences could be a cumulative
understanding of the form of the auxiliary paths.

However, it is not clear yet in what way those auxiliary paths form, how they are
related to the main route, nor to what degree they are different from each other. Hence,
this study particularly focuses on exploring and examining the auxiliary paths in lineally
structured museums through in-depth theoretical analysis by using the space syntax
technique; especially prominent art museums were analyzed to answer these questions.

2. Museum Studies

It has been recognized that one of the key issues in designing museums is the way
the layout of space interacts with the layout of the objects [5] and, consequently, many
researchers suggest that the spatial configuration provides “a structure of the exploitation
of the collections and buildings by visitors” [9,10]. Others go even further to say that a
visitor’s experience in the museum is closely related to three elements: “didactic narratives,
the ambient experience of the wealth of a collection including the richness of its architectural
exposition, and the opportunities for social interaction afforded by the environment” [11].

Huang also suggested two key ideas in understanding museum buildings: “organized
walking” (i.e., spatial sequences), which can lead to the process of constructing disciplinary
knowledge throughout the plan and “a gathering space”. By studying modern museums in
Europe, he contends that there is “an underlying genotypical conflict between the need to
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congregate people and the need to organize their movement,” and this genotypical conflict
works as a bias in characterizing “the spatial types of the modern museum” [6].

Duncan and Wallach, conversely, highlighted the significance of totality in the museum
experience, created by installations, the layout of exhibition rooms, and the sequence of
collections. Particularly, they thought that the totality of art and architectural form makes
visitors organize their museum experience as an “architectural script” [7].

Regarding the importance of spatial arrangement in museum architecture, Brawne
stressed intelligibility, which means clarity and a sense of the order of the spatial layout [4].
In museums, spatial experiences tend to be determined by viewing images in sequence. This
means that the museum experience is very similar to the experience elsewhere in a building
or a town, and, in this perspective, Brawne transposed Lynch’s five elements (paths, edges,
districts, nodes, and landmarks) into a way of comprehending spatial experiences.

Psarra and Grajewski raised a fundamental question of how visitors understand
museum buildings through movement, and defined museum buildings as systems of
spaces that are seen sequentially through movement, and also as overall conceptual patterns
that can be grasped at once. Based on these definitions, they suggested that experiencing
buildings involve both levels of understanding: the architectural promenade and the
conceptual structure [12]. In addition, Psarra, Wineman, Xu, and Kaynar argued that built
space is understood as a relational pattern: a pattern of “distinctions, separations, interfaces,
and connections”, and a pattern that “integrates, segregates, or differentiates its parts in
relation to each other” [13].

Salgamcioglu and Cabadak questioned whether the type of space, particularly a
permanent or temporary one, affects a visitor’s behavior in relation to objects and spatial
configuration, and found a substantial distinction between permanent and temporary
museum spaces: in permanent exhibitions, the visitor’s behavior is influenced by the
interfacing between interior and exterior space, whereas in temporary cases, artworks are a
crucial parameter, affecting the behavior [14].

Hence, it can be said that museums, especially in the layout of space, provide some-
what different and distinct experiences by utilizing spatial arrangements, and it might
be argued that, apart from the idea of the strong relationship between spatial layout and
display layout, spatial arrangements themselves play a decisive role in structuring the mu-
seum experience. However, it has not yet been examined in what way and how distinctly
the spatial arrangements work. Thus, this paper specifically aims to explore and discover
substantial answers to these theoretical questions.

3. Research Methodologies and Cases
3.1. Research Methodologies

With these questions, the cases were analyzed by the following methodologies: visibil-
ity graph analysis (VGA), spatial sequence generated by c-sequence length and c-sequence
depth, spatial choice by d-ring, and possible trails.

Visibility graph analysis, as one of the primary techniques in space syntax, has been
derived from Benedikt’s isovist and developed by the space syntax community. An isovist
is defined as “the set of all points visible from a given vantage point in space” (p. 47, [15]),
but it is not appropriate to assess the whole spatial layout of buildings because its geometric
properties, such as the isovist area, perimeter, or shape, are purely local features of the
viewpoint. Additionally, those properties miss the relationship between the viewpoint and
the whole spatial environment. To overcome these problems, the space syntax community
suggests VGA, which first sets out a grid (normally 0.6 or 1.0 m) throughout the spatial lay-
out, and each one of the grid points is used as a viewpoint. After having completed this step,
the VGA analyzes the relationship between a certain point and the others in both a geomet-
ric and a syntactic way using the depthmap X program (depthmapX-0.8.0_winé64 version).

Geometrically, the isovist area is a measure of how much space can be seen from a
given viewpoint and, conversely, how much the viewpoint can be seen from it; the perimeter
is the perimeter of the isovist polygon; the compactness is a measure of the shape of the
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isovist (i.e., simple or complex, symmetrical or asymmetrical), so that the closer the isovist is
to a circle, the more its compactness approaches a maximum value of 1; the occlusivity refers
the occlusivity of the isovists, by measuring the length of the occluding radial boundary based
on the perimeter of the isovists, and indicating “the depth to which environmental surfaces
are partially covering each other as seen from the vantage point” (p. 53, [15]); and, lastly,
the area/perimeter is obtained by the area to perimeter ratio, and it can be described as an
adjective measure of “how “spiky’ or conversely how ‘rounded” an isovist is” (p. 154, [16]).

In space syntax theory, spaces can be represented in two ways: depths and rings.
Depth is the idea of how deep or shallow a given spatial structure is, and this conception is
explained by connectivity, integration, and mean depth. The connectivity is meant to be the
total number of direct connections to the other elements from a certain one at a local level;
the integration, unlike the connectivity, is a measure of how many elements are related
to the whole; and the visual mean depth is the average distance from each element to all
elements within the spatial structure. Syntactically, therefore, VGA analyzes the visual
connectivity as a local property, the integration as a global feature, and the mean depth.
Additionally, we can identify how intelligible or understandable the spatial layout is by the
correlation between visual connectivity and integration.

Contrary to the depths, the idea of rings is derived from two kinds of behavior:
“occupation,” which happens in a convex way, and “movement,” which, conversely, occurs
linearly. With these conceptions, spaces are defined as four different types (Figure 1a):
an a-space is a space with a single link, and a b-space is one with more than one link, but it
should be a part of “a connected sub-complex in which the number of links is one less than
the number of spaces”, so that it is “on the way to (and back from) at least one dead-end
space”; a c-space is one with “more than one link which form a part of sub-complex”
containing neither a-space nor b-space, and it should lie on a single ring. Lastly, a d-space
is the space with “more than two links,” which form a part of complexes containing neither
a-space nor b-space, and it must lie on at least two rings (pp. 250-251, [17]).

\ 0 |
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Key Map of Alte Pinakothek

Trail 1. path: (32)-2-1-2-33—(32)
No. of convex spaces: 4
Trail 2. path: 33-4-3-2-33
No. of convex spaces: 5

(b) (0)

Figure 1. (a) example of c-sequence length and d-ring with space types of a-space (white), b-space
(black), c-space (blue), and d-space (red); (b) example of c-sequence depth with space types; (c) exam-
ple of possible trails in the Alte Pinakothek Museum.

Considering these four types of space, it is certain that a-space and b-space are strongly
related to occupational activities, whereas c-space and d-space are involved in the overall
movement patterns (pp. 296-298, [8]). Theoretically, it can be said that c-spaces are
concerned with specifying sequences and producing structured movement patterns, so that
this kind of spatial layout works conservatively. Hence, from the conception of the c-spaces,
it can be possible to explore how strongly spaces are framed with “the degree of sequence
which is constructed by the pattern of c-spaces” ([5,8,18]). The length of the sequence is
numerically indexed and described by the c-sequence length (Total) and c-sequence depth
(Total). First, the value of the c-sequence length (Total) tells us “how many spaces form the
c-sequence”, while the number of the c-sequence depth (Total) indicates “the depth into
the c-sequence” ([5,18]). For example, there are five c-spaces in Figure 1a. Two of them are
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placed on one ring, constituting two c-spaces and two d-spaces. On this ring, people should
pass through two c-spaces in order to finish their journey, so these c-spaces are labelled ‘c2’;
that is, a sequence of two spaces without choice on the path. Similarly, the other c-spaces on
the other ring are labelled ‘c3’, meaning a sequence of three spaces without choice. When
we add all c-spaces together, we can account for the c-ness in this layout (i.e., the c-sequence
length (Total): 13; c-sequence length (Mean): 2.6 = 13/5). In a similar way, we can also
calculate the c-sequence depth (Total). For example, the two c-spaces in the ring are labelled
‘cl” and ‘c2’ (Figure 1b). On the other ring, the c-spaces are labelled ‘c1’, ‘c2’, and ‘c3’. When
we add the number of the c-spaces together, we can determine the depth of the c-sequence
in this layout (i.e., the c-sequence depth (Total): 9; the c-sequence depth (Mean): 1.8 =9/5).

On the other hand, d-spaces minimize those sequences, leading to the creation of
many different paths, so that this layout acts in a generative way. With the idea of d-spaces,
it can be examined “to what degree the spatial system allows us to take alternative routes”,
and, thus, the choices are measured by the pattern of d-spaces. Similar to the c-sequence,
we can index d-spaces according to the number of rings they are on. For example, there are
three d-spaces in Figure 1a: one of them has three rings, and it can be labelled ‘d3, while the
others have two rings, so that they are labelled ‘d2’. When adding the numbers together, we can
determine the amount of rings (i.e., the d-ring (Total): 7; the d-ring (Mean): 2.3 = 7/3).

With these conceptions, the spatial sequence of a layout can be described by the
c-sequence length and the c-sequence depth, whereas the choice of the layout can be
illustrated by the d-ring. It should be noted that the terms of spatial sequence and choice
used here are not actual but theoretical.

The possible trails, according to the previous methodology, are created with the
following rules. All trails should start from d-spaces, pass through a-/b-/c-spaces, and end
at d-spaces where the trails begin. The trail should form a single ring. In Figure 1c,
for example, two possible trails can be drawn from the case of the Alte Pinakothek. Trail 1
starts from 32, representing the loggia; passes through 2, 1, 2, and 33, and then ends at 32 so
that the path of Trail 1 is 32-2-1-2-33-32. Trail 2, however, starts from 33, passes through 4,
3, and 2, and then returns to 33. After having constructed the trails, each trail is calculated
by the average VGA values in a geometric (e.g., the isovist area, perimeter, compactness,
occlusivity, and area/perimeter) and a syntactic way (e.g., connectivity, integration, and
mean depth).

The reason for constructing these possible trails is to explore how many trails start-
ing from the d-spaces can be constructed, to identify to what extent they are distinct in
terms of walking sequence and walking choice, and finally in what way the galleries are
spatially distinct.

3.2. Cases

Four galleries were chosen as case studies: the Uffizi Gallery, the Alte Pinakothek,
the Museum of Modern Art at level 5 of the Centre Pompidou, and the Moderna Museet.
(Figure 2). The Uffizi Gallery, designed by Giorgio Vasari and then developed by Alfonso
Parigi and Bernado Buontalenti, was originally designed to be an administrative office,
but it was gradually transformed into a museum to house the Medici family’s art collections.
One interesting point is that its edges against the adjacent buildings are very irregular.
However, the loggia, which is the most dominant gathering space in this building, presents
a powerful geometric shape, and it leads to gallery spaces in different shapes such as square,
rectangle, octagon, oval, and polyhedron. Another interesting point is the arrangement of
gallery spaces: for example, some galleries are arranged linearly so that visitors can cross
the thresholds between gallery halls without going back to the loggia, but some others
return visitors to the loggia.
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Figure 2. Cases: (a) second floor plan of the Uffizi Gallery in 2018, Italy; (b) second floor plan of
the Alte Pinakothek in 1836, Germany; (c) fourth floor plan of the Centre Pompidou in 1977, France;
(d) third floor plan of the Moderna Museet in 1998, Sweden.

The Alte Pinakothek, designed by Leo von Klenze and opened to the public in 1836,
was built for displaying pictures only in Berlin. One of the remarkable features of this
gallery, as we can see in the Uffizi Gallery, is the loggia, which plays an important role in
providing and controlling access to the middle gallery halls for large paintings, and also to
the twenty-five cabinets located in the northern part of this building to hang small paintings
on the wall (pp. 129-130, [2]).

The Museum of Modern Art is located in the Centre Pompidou, designed by Richard
Rogers and Renzo Piano. With the architectural conceptions of flexibility, transparency,
and openness, any architectural elements or utilities are intentionally absent, and con-
sequently, the interior space does not have any partitions or other vertical interruptions.
However, the grand space had to be articulated by movable panels, placed in clusters,
or dispersed in space. Particularly, the first transformation in 1974 was performed by the
director of the museum, P. Hulton, to create “a spatial structure that resembles a city, with
interlocking spaces, squares, paths and dead-ends” (p. 253, [5]). In 1985, the second trans-
formation was introduced by G. Aulenti, with the idea of placing “the longitudinal and
the transversal axes” across the floor plan and creating “room-like spaces that referred to
the spatial conditions where the art of the first half of the twentieth century was conceived
and to the domestic setting of private collections” (p. 256, [5]). One of the fascinating
things from the transformations is that the long corridor leads us to such diverse urban-like
elements. This space plays a role in providing access to gallery spaces, integrating spatial
movements, and overlooks the outside of the building. More interestingly, the gallery
spaces are grouped in several distinct ways and, as a result, substantial auxiliary paths are
formed, although the movable panels are regularly placed.

Lastly, the Moderna Museet, designed by Rafael Moneo and opened in 1998, is located
on the island of Skeppsholmen in Stockholm. The museum brings together different
collections in the building, such as Swedish artworks, the traditional avant-garde pieces,
and the outstanding works of the classical modern period and later on of the New York
school. One of the interesting characteristics is found in its spatial layout: an over 100-m-
long corridor forms “the spine of the whole complex” and provides access to “the three
clusters of museum galleries” and a temporary exhibition room near the main entrance
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(p. 69, [19]). This corridor plays a pivotal role in giving visitors a chance of choosing one of
the clusters and in comprehending the spatial structure as a whole. The other particular
characteristic is the clusters. There are three clusters, and each one is composed of six to
seven gallery rooms that vary in size. Interestingly, all clusters have dead-end small gallery
rooms similar to cabinets, so that it is possible for visitors to gain distinct experiences,
not only through the serial gallery rooms, but also the clusters.

As we have discussed, these museums are understood to be representative of linearly
structured museums: The Uffizi Gallery has a relatively long history as an art museum,
and the outer edges in particular are irregular in form because of the adjacent buildings,
but the loggia acts as an integral gathering space and provides access to the entire gallery
space. We assumed that the spatial layout of the Alte Pinakothek might have been in-
fluenced by that of the Uffizi Gallery, as it has the same spatial structure, meaning that
the loggia controls the overall accessibility to large gallery halls, but the halls, conversely,
provide additional spatial sequences, leading to the cabinets located in the deepest part.
The Museum of Modern Art in the Centre Pompidou, originally designed as an open multi-
purpose space, has been transformed into subdivided gallery spaces by placing partitions,
but one of the interesting things is that the corridor, like a loggia, controls all access to the
subdivided spaces and, unexpectedly, some extra sequences are discovered. The Moderna
Museet also has a corridor giving access to three clusters, but the clusters do not lead to
other spatial sequences.

4. Syntactic Analyses and Discussions

In this chapter, the cases have been explored quantitatively by space syntax techniques
such as space types, spatial sequence and choice, isovist geometric features, and isovist
syntactic properties. Then, possible trails derived from the cases have been theoretically
examined to understand in what way the spatial configurations work distinctly and to
what degree they are different.

4.1. Space Types, Walking Sequence, and Walking Choice

Table 1 shows the basic profiles of the four galleries. The Uffizi Gallery (UG) is
composed of 53 convex spaces in total, and 41 are gallery halls (Figure 3). Regarding
space type, the most prominent one is c-space (ratio: 0.55), and the others are a-space
(0.19), d-space (0.17), and b-space (0.09) in sequence. In the Alte Pinakothek (AP), there
are 39 convex spaces in total, and most of them (37 out of 39) are used as gallery halls.
Concerning space type, the ratio of c-space (0.46) is very close to the ratio of d-space (0.44),
and the others are a-space (0.08) and b-space (0.03). The Museum of Modern Art in the
Centre Pompidou (CP) has a total of 67 convex spaces, which are defined, and 44 of them
are designed for gallery space. Similar to the AP, both c-space and d-space are salient,
0.39 and 0.30, respectively, and the others are a-space (0.28) and b-space (0.03). Finally,
in the Moderna Museet (MM), there are 36 convex spaces in total, and 20 spaces are used
for exhibiting artworks. In this layout, the ratio of c-space is 0.44; a-space is 0.25; d-space is
0.17; and b-space is 0.14.

Let us look into where these spaces are placed across the plans. In the UG, except for
the ancillary facilities, d-spaces are discovered in the loggia (e.g., Nos. 1 and 25) and five
gallery spaces (e.g., Nos. 17, 18, 2, 4, and 5). The others are a-/b-/c-spaces. Interestingly,
some a- spaces (e.g., Nos. 26, 30, 31, and 38) are directly connected to the loggia. In the
AP, the spaces placed in two southern strips (i.e., the loggia and the large gallery halls)
are d-spaces. By contrast, the northern strip has mostly c-spaces. Only the two wings on
both sides marginally have a-/b-spaces. Unlike the case of the UG, a-spaces are placed
in the most remote area from the loggia. In the CP, spaces are arranged similarly: the
main corridor (i.e., No. 22) is a d-space; the gallery spaces located on the southern side
are c-/d-spaces; similar to the AP, a-spaces are placed along the southern edge of the plan,
whereas some a-spaces on the northern side have a direct connection to the main corridor.
The MM seems to be similar in that the main corridor (i.e., No. 7), comprising three convex
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spaces (i.e., Nos. 7, 17, and 25), is defined as a d-space; the clusters are combined with
mainly c-spaces and occasionally a-spaces and a d-space.

Table 1. Summary of basic profiles, space types, c-sequence length, c-sequence depth, and d-ring of

the cases.
Uffizi Gallery Alte Pinakothek Centre Pompidou Moderna Museet
Total no. of galleries 44 37 46 19
Total no. of convex spaces 53 39 67 36
Total no. of a-space (ratio) 10 (0.19) 3(0.08) 19 (0.28) 9 (0.25)
Total no. of b-space (ratio) 5(0.09) 1 (0.03) 2 (0.03) 5(0.14)
Total no. of c-space (ratio) 29 (0.55) 18 (0.46) 26 (0.39) 16 (0.44)
Total no. of d-space (ratio) 9(0.17) 17 (0.44) 20 (0.30) 6 (0.17)
c-/d-space ratio 3.22 1.06 1.30 2.67
c-sequence length (T) 185 38 46 62
c-sequence length (M) 6.37 2.11 1.76 3.87
c-sequence depth (T) 107 28 36 39
c-sequence depth (M) 3.68 1.55 1.38 2.43
d-ring (T) 17 54 57 14
d-ring (M) 2.42 3.17 2.85 2.33

Figure 3. Space type analysis of the cases, and numbers indicate convex spaces: (a) Uffizi Gallery;
(b) Alte Pinakothek; (c) Centre Pompidou; (d) Moderna Museet.

Considering these basic profiles and arrangements of space type across the plans,
we go further and look into the ratios of c-space and d-space, which are simply obtained by
dividing the ratio (or the total number) of c-space by that of d-space. In Table 1, the UG
has the highest ratio: 3.22, whereas the AP has the lowest ratio: 1.06. Regarding walking
sequence and choice, as expected, two extremes can be defined from the cases: the values
of c-sequence length (M) and c-sequence depth (M) in the UG (6.37 and 3.68, respectively)
and the MM (3.87 and 2.43) are higher than those in the AP (2.11 and 1.55, respectively)
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and CP (1.76 and 1.38). Particularly, the UG’s length of the spatial sequence is two to three
times longer than the others, and its depth is most three times deeper.

This tendency appears in a contrasting way on spatial choice: the value of the d-ring
(M) of the AP (3.17) and the CP (2.85) are higher than those of the UG (2.42) and the MM
(2.33). However, this result is not quite as great as that of the spatial sequence. This means
that although the UG seems to have a strong linear spatial structure, it provides a small
number of auxiliary paths starting from gallery spaces Nos. 17, 18, 2, 4, and 5.

From these results, it could be argued that gathering spaces such as loggias and
corridors play an essential role in constituting the main sequences throughout spatial
layouts. However, the two cases of the AP and the CP show distinctive features in that
the halls, placed one step deeper from loggia and corridor, act as extra gathering spaces.
This means that they work as key spaces for auxiliary paths at a local level within the main
sequence. This characteristic has an impact on those two cases. However, the gathering
spaces in both the UG and the MM work as the most powerful spaces constituting and
controlling the whole sequences.

Unlike the cases of the AP, the CP, and the MM, the gathering spaces in the UG
are connected directly to all different space types: for instance, No. 1 connects to c-
spaces and d-spaces, and No. 25 connects to a-spaces, b-spaces, and c-spaces. Such
connectivity to various space types leads us to unexpected walking sequences: sometimes
the sequence ends in a single convex space (e.g., 25-30, 25-31, or 25-38), it lies on a relatively
long sequence (e.g., 25-48-47-46-45-43-42-41-53-50-40-39-25), it provides an auxiliary path
(e.g., 1-2-11-13-18-1 or 1-2-3-4-1), or it creates a backward sequence (e.g., 25-32-33-34-
35-34-33-32-25). This can be discovered in the case of the CP, but it does not extend
to the whole spatial layout. Thus, it can be argued that although the spatial layout of
the UG seems to work conservatively due to the high value in c-sequence length (M),
it provides diverse spatial experiences such as new paths or strongly ordered paths, dead
ends, and enclosed spaces.

4.2. Visibility Graph Analysis
4.2.1. Visibility Graph Analysis in Terms of Geometric Measures

To what degree, then, are those spatial experiences regarding spatial sequence and
choice differentiated from each other? To answer this question, we focus on looking into
the geometric and syntactic results of VGAs (Table 2).

As one of its geometric properties, the UG has the highest value of isovist areas (mean
value of 395.65), whereas the CP has the lowest (296.20). Looking at the result of the isovist
perimeter, however, the UG has the lowest value (mean value of 160.63), whereas the
AP has the highest (190.75). The reason that the UG has contrasting results concerning
isovist area and perimeter can be understood by noting that the u-shaped loggia, compared
with the gallery halls, is composed of three huge convex spaces and a great number of
viewpoints can be constructed. This means that the viewpoints in such simple and large
convex spaces are easily visible. However, when looking at the isovist perimeter, one of the
significant points of difference between the UG and the AP is the fact that cross-visibility in
the UG hardly takes place between the loggia and the gallery halls and between the gallery
halls, but in the latter case, it occurs quite easily, not only across the three parallel strips
but also between the gallery halls, especially when the longest perimeters of the isovist
polygon are measured along with the straight doorways in the strips.

Next, concerning the compactness of the isovist, as expected, there is a strong pattern in
terms of shape: the a-/b-space is simpler and more symmetrical because its isovist polygon
forms in a compact way, whereas the c-/d-space is more complex and asymmetrical because
it has at least three links or, at most, a huge number of links, and these links make the
isovist shape more complex, similar to a star shape. Thus, the compactness value of the
isovist in the case of the UG (mean value of 0.25), where the a-/b-space is adjacent to the
gathering space is higher than the others. Conversely, the AP and the CP, in which it is
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placed far from the gathering space, have a low mean isovist compactness value (both
mean values of 0.17).

Table 2. Syntactical result of VGAs of the cases.

Uffizi Gallery Alte Pinakothek Centre Pompidou Moderna Museet

/I!iil-

Isovist
area

9.08~1117.86, M.395.65 * 25.37~800.26, M.312.29 9.29~1048.06, M.296.20

Isovist
perimeter

12.47~407.41, M.160.63 22.01~446.08, M.190.75 16.05~501.83, M.164.17 13.57~862.56, M.162.27

Isovist
compactness

Isovist
occlusivity

Visual
connectivity

Visual
integration

2.34~6.79, M.3.70 1.93~3.63, M.2.52 2.07~4.83, M.3.07 2.26~5.49, M.3.47

Intelligibility R? value: 0.747 R? value: 0.799 R? value: 0.878 R? value: 0.701

*9.08~1117.86, M.395.65: the range represents the minimum value (9.08) and the maximum (1117.86), and M
stands for the mean value (395.65).
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It might be said that the isovist occlusivity is one of the most fascinating measures
in the geometric analysis because, as mentioned before, it tells us how previously unseen
space, covered by any environmental elements, is discovered during movement ([18]).
From the occlusivity analysis, it is quite obvious that the UG has the lowest value (mean
value of 34.55), but the AP has the highest (123.42). The others, the CP (83.46) and the MM
(83.23), are positioned in the middle of them. However, when we look closely at the result
again, it is quite surprising that occlusive patterns are identified in the UG; for instance,
the occlusive edges form in different ways: some of them at around Nos. 17 and 18 are
configured diagonally; some galleries, Nos. 2, 3, 4, 5, 6,7, 8, and 9, construct the occlusive
edges linearly; or galleries such as Nos. 39, 40, 50, 53, 41, 42, 48, 47, 46, 45, and 43 have
edges perpendicular to the loggia. Conversely, in the CP, the edges, particularly in the
room-like spaces, are formed diagonally. However, the result of the MM is comparatively
different from that of the CP, although the average value of the isovist occlusivity is quite
similar to that of the CP. This is because the highest values are primarily found in the main
corridor of the MM, but the occlusive edges do not extend to the gallery halls. This means
that it is hard to expect dramatic visual changes in the clusters.

4.2.2. Visibility Graph Analysis in Terms of Syntactic Measures

Now we move on to the syntactic analysis of the VGA. In terms of connectivity as a
local property, the UG shows, comparatively, the greatest mean value (396.31), whereas the
MM has the least mean value (280.36). Regarding integration as a global feature, the UG
has the lowest mean value (9.93), whereas the AP has the highest (6.34). From these two
measures, it should be pointed out that a significant visibility shift is discovered in the case
of the AP: the highly visible viewpoints at the local level are found in the loggia at the local
level; however, the highly integrated viewpoints at the global level are in the large gallery
halls in the middle strip. This means that the loggia in the UG works very well locally,
but it does not make visitors comprehend the whole system globally. Conversely, the long
lines of sight, which derive from the aligned doorways of the large gallery halls in the AP,
make the whole spatial system more comprehensible and readable, although the loggia is
intentionally designed to provide access to the gallery halls. In the other cases, concerning
the CP and the MM, the main corridors work globally and locally as well.

Regarding mean depth, it is found that the UG has the highest mean depth value (a
mean value of 3.70 and a maximum value of 6.79), but the AP has the lowest one (a mean
value of 2.52 and a maximum value of 3.63).

4.2.3. Correlation between Space Types, Walking Sequence and Geometric Measures

Is there any possible correlation between the result of space types and the VGAs?
If there is, what kinds of space types are strongly correlated with the geometric and syntactic
properties? For this, a correlation analysis was performed. The data used in the correlation
analysis are the basic profiles of the cases, such as the ratio of a-/b-/c-/d-space, the c-/d-
space ratio, c-sequence length (M), c-sequence depth (M), and d-ring (M) defined in Table 1.
Geometric measures of VGA analysis such as the mean value of the isovist area, perimeter,
compactness, and occlusivity, and syntactic values of VGA, such as the mean value of the
visual connectivity, integration, and mean depth are described in Table 2. It should be
noted that the reason for carrying out the correlation analysis is to explore the relationships
between space types, c-sequence, d-ring, geometric attributes, and syntactic features of the
cases, and statistically explain how much the cases are different.

In Table 3, strong relationships can be seen between spatial sequences, choices, and the
geometric measures of isovists. The isovist area is related to the values regarding c-space:
for example, the 12 value of the area to c-space ratio is 0.875, to a c-sequence length (M) of
0.811, and a c-sequence depth (M) of 0.811. The isovist compactness is even more strongly
related to these values: the correlation of the compactness with a c-/d-space ratio, which
has an r? value of 0.983, with a c-sequence length (M) of 0.999, and with a c-sequence depth
(M) of 0.999.
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Table 3. Correlation matrix between space types, c-sequence length, c-sequence depth, d-ring,
and VGA.

a-Space b-Space c-Space d-Space c-/d-Space c-Sequence  c-Sequence d-Ring
Ratio Ratio Ratio Ratio Ratio Length (M)  Depth (M) M)
Mean Isovist area 0.000 * 0.071 0.875 ** —0.298 0.723 0.811 ** 0.811 ** —-0.172
Mean Isovist perimeter —0.875 ** —0.383 0.008 0.813 —0.432 —0.288 —0.289 0.735
Mean Isovist compactness 0.051 0.454 0.757 —0.687 0.983 ##** 0.999 0.999 —0.588
Mean Isovist occlusivity —0.380 —0.248 —0.341 0.775 —0.812 —0.724 —0.726 0.580
Mean Visual connectivity 0.000 0.009 0.746 —0.208 0.581 0.658 0.659 —0.087
Mean Visual integration —0.584 —0.661 —0.129 0.990 **** -0.717 —0.573 —0.574 0.947 ***
Mean Visual mean depth 0.500 0.609 0.218 —0.991 **** 0.817 0.685 0.687 —0.910 ***
* This is r2 value, and “—” means that there is a negative correlation between the two variables. ** p < 0.1,

#4 ) < 0,05, ** p < 0.01.

However, the other two geometric measures are opposed: in terms of the perimeter,
they are correlated with d-space ratio and d-ring (M), 2 values of 0.757 and 0.735, respec-
tively. Moreover, the isovist occlusivity is likely correlated with a d-space ratio with an
r? value of 0.775, but there are negatively related with the occlusivity and the c-/d-space
ratio, with an r? value of —0.812, a c-sequence length (M) of —0.724, and a c-sequence
depth (M) of —0.726.

From those contrasting correlation results, the higher the ratio of c-space and c-/d-
space, the greater the value of isovist area and compactness are. At the same time, the higher
the ratio of d-space, the greater the value of isovist perimeter and occlusivity will be. Thus,
a spatial layout where d-spaces are mainly occupied means that we are able to achieve
not only open spatial relationships, but also rich cross-visibility through spaces that are
particularly spiky, allowing “glimpses of other spaces past occluding surfaces” (p. 158, [19]).

These analyses once again strongly support the contention that both c-space and
d-space play a decisive role in determining in what way spaces are related to each other,
to what degree they are differentiated from one another, how strong or weak the spatial
sequence is, and how distinctive spatial configurations are experienced globally or locally.

4.2.4. Correlation between Space Types, Spatial Sequence and Syntactic Measures

When we correlate syntactic values (e.g., visual connectivity, integration, and mean
depth) with the types of space (Table 3), it is quite clear that the spatial layout of the UG,
representing the highest ratio of c-space and the lowest of d-space, has a strong relationship
between the visual connectivity and c-space ratio, c-sequence length (M), and c-sequence
depth (M) with 12 values of 0.746, 0.658, and 0.659, respectively. By contrast, in the case
of the AP, described by the highest ratio of d-space and the lowest c-/d-space ratio, there
are strong relations between the visual integration and the d-space ratio (r? value of 0.990)
and the d-ring (0.947). There are meaningful correlations between the integration and the
spatial sequence, but these are negatively related to c-sequence length (M), with an r? value
of —0.573, and to c-sequence depth (M), with that of —0.574.

Another strong relationship exists between the visual mean depth and the values
regarding d-space: c-/d-space ratio with an r? value of 0.817, c-sequence length (M) with
0.685, and c-sequence depth (M) of 0.687. Interestingly, the value of the c-space ratio is not
likely to be related to the mean depth. To the values regarding d-space, the relationships
are negatively related to the visual mean depth: —0.991 for the d-space ratio and —0.910
for the d-ring (M).

These syntactic measures, contrary to the geometric ones, are not properties of an
individual isovist, but they are properties of the isovist’s relation to all other isovists in the
spatial system, so that the syntactic measures explain the overall structure of the building.
From this conception, it can be suggested that c-space creates locally rich spatial sequences
but leads to a less integrated spatial system; d-space, however, provides fewer spatial
sequences but allows generating different movements, and consequently, it minimizes
depths and makes the spatial system more integrated.
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4.3. Examining Possible Paths

As mentioned before, possible trails based on the conception of walking sequence and
choice were suggested to determine in what way the galleries are differentiated from each
other and how distinctive spatial configurations are experienced. For this, possible trails
were generated, starting from and ending at one of the gathering d-spaces allowing the
possibility of different paths.

In the UG, a total of 13 trails are defined (Table 4) and they can be divided into two
groups. The first group is the one that the trail starts from and ends at convex space
No. 1: for example, trail 1 consists of a total of six convex spaces, excluding gathering
convex space No. 1, with the string of (1)-18-12-11-2-23-2-(1); Trail 2 consists of three
convex spaces, (1)-2-23-2-3-4-(1); trail 3 consists of two convex spaces, (1)-4-5-(1); trail 4
consists of five convex spaces, (1)-5-6-8-9-49-24-(1); trail 5 consists of three convex spaces,
(1)-18-13-17-(1); and trail 6 consists of five convex spaces, (1)-17-14-15-16-17-(1). At the
same time, the second group is the trails that set out from convex space No. 25, running
parallel to convex space No. 1. Trail 7 is composed of 13 convex spaces with the string
of (25)-48-47-46-45-43-44-43-42-41-53-50-40-39-(25); trail 8 consists of one convex space,
(25)-38-(25); trail 9 consists of 11 convex spaces, (25)-32-33-34-36-37-36-34-35-34-33-32-(25);
trail 10 is composed of one convex space, (25)-31-(25); trail 11 consists of one convex space,
(25)-30-(25); trail 12 also consists of one convex space, (25)-26-(25); and trail 13 is composed
of three convex space, (25)-27-29-28-(25). What is interesting in these defined possible trails
in the case of the UG is the fact that convex space No. 1 leads to more or less moderate
lengthy trails, but convex space No. 25 allows for extreme spatial sequences: simple
experiences vs. lengthy and complex ones.

In the case of the AP, a total of 17 possible trails can be identified (Table 5). However,
it should be noted that there is a significant difference between them. Having seen the
trails, the first group of trails, Nos. 1-8, form one of the main sequences, meaning that the
trail starts and ends in the gathering space so that these trails form the main sequences.
By contrast, the other trails, such as Nos. 9-17, begin at one of the large gallery halls,
such as convex spaces Nos. 33, 34, 35, 36, 37, and 38, instead of the gathering one, forming
auxiliary paths. One of the distinctive characteristics of the main sequences compared with
the auxiliary paths is the length of the spatial sequence.

Regarding the main sequences, for instance, the trails, except for Nos. 1 and 8, comprise
two convex spaces. The others represent diverse stories: for example, trail 9 begins at one of
the large gallery halls (i.e., convex space No. 33), passes through two cabinets (i.e., convex
spaces Nos. 4 and 3), and then ends at the start; trails 10, 11, 12, 15, and 16 show identical
sequences, starting from the large gallery halls, going through three cabinets and one large
gallery hall, and ending at the start; trails 13 and 14, similarly, begin at one of the large halls,
going through five cabinets, and returning to the starts; and trail 17 is somewhat different
in that there is a retreat due to the dead-end a-space (i.e., convex space No. 27).

In the CP (Table 6), a total of 28 trails are produced. Similar to the case of the AP,
the trails can be grouped according to whether the gathering space is included in spatial
sequences or not. Hence, the first group is the one in which trails begin and end at the
corridor, whereas the other is the one that begins at one of the d-spaces used for gallery
halls. There is a total of 21 trails (i.e., trails 1-21) and all of them start from and end at
the corridor through a series of gallery halls. In terms of the length of sequences, trails 1,
17, and 19 have the shortest length as they comprise a single convex space, except for the
gathering space (i.e., convex space No. 22). By contrast, trails 3, 14, and 15 are explained
comparatively as one of the longest trails. The others are sequenced in a series of two, three,
four, or five convex spaces. Regarding auxiliary paths, a total of seven trails are defined.
Interestingly, five of them are the ones that begin at the gallery spaces: for example, trail 22
starts from the convex space No. 41, continues through 42, 41, 40, and 63, and returns to
the start; trails 24, 25, 26, and 27 begin and end at the convex space No. 29 via 26, 27, 30, 31,
or 32. By contrast, the other two auxiliary paths trails (i.e., trails 23 and 28) start from and
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terminate in secondary corridors such as convex space Nos. 24 and 60, passing through

galleries such as 14, 15, 25, 43, 44, 45, 46, or 47.

Table 4. Possible Trails and syntactic properties in the Uffizi Gallery.

Possible Trails

Mean Isovist

Mean Isovist

Mean Isovist

Mean Isovist

Mean Isovist

Mean Isovist

No. Total No. Com{ex Space Area Compactness Occlusivity Perimeter Mean Depth Area/Perimeter
and Trails
1 6{(1)-18-12-11-2-23-2-(1)} * 184.424 0.306 43.783 97.146 3.950 1.898
2 5{(1)-2-23-2-3-4-(1)} 138.731 0.256 53.464 99.068 3.854 1.400
3 2{(1)-4-5-(1)} 124.332 0.144 64.276 106.093 3.672 1.172
4 7{(1)-5-6-7-8-9-49-(24)-(1)} 123.128 0.237 48.320 93.829 3.746 1.312
5  3{(1)-18-13-17-(1)} 177.072 0.252 44.482 97.657 3.942 1.813
6  5{(1)-17-14-15-16-17-(1)} 155.240 0.368 24.802 77.784 4.643 1.996
13 {(25)-48-47-46-45-43-44-43-
7 40-41-53-50-40-39-(25)) 81.416 0.265 33.452 68.338 4.527 1.191
8  1{(25)-38-(25)} 165.454 0.507 13.938 64.898 3.931 2.549
11 {(25)-32-33-34-36-37-36-34-
9 35-34-33-32-(25)) 83.485 0.259 29.399 63.352 4.491 1.318
10 1{(25)-31-(25)} 162.577 0.345 13.586 64.314 3.941 2.528
11 1{(25)-30-(25)} 277.775 0.448 12.533 89.741 4.150 3.095
12 1{(25)-26-(25)} 28.278 0.383 8.487 32.518 4.436 0.870
13 3{(25)-27-29-28-(25)} 82.847 0.283 24.437 61.702 4.100 1.343
* The number in parentheses denotes the gathering space.
Table 5. Possible Trails and syntactic properties in the Alte Pinakothek.
Possible Trails . . . . . .
Mean Isovist Mean Isovist Mean Isovist Mean Isovist Mean Isovist Mean Isovist
No. Total No. Convex Space A . . . .
& Trails rea Compactness Occlusivity Perimeter Mean Depth Area/Perimeter
1 4{(32)-2-1-2-33-(32)} * 320.477 0.229 91.663 162.043 2.526 1.978
2 2{(32)-33-34-(32)} 327.344 0.137 127.293 197.413 2.392 1.658
3 2{(32)-34-35-(32)} 342.466 0.130 130.830 203.353 2.378 1.684
4 2{(32)-35-36-(32)} 372.691 0.135 130.380 207.700 2.362 1.794
5  2{(32)-36-37-(32)} 373.377 0.134 130.284 207.814 2.363 1.797
6  2{(32)-37-38-(32)} 342.208 0.131 128.211 200.803 2.385 1.704
7 2{(32)-38-39-(32)} 326.336 0.134 125.862 195.941 2.397 1.665
8  7{(32)-39-30-29-28-29-30-31-(32)} 231.182 0.190 87.715 142.658 2.749 1.621
9  5(33-4-3-2-33} 241.830 0.189 102.560 159.874 2.537 1.513
10 6 {33-4-5-6-34-33} 205.665 0.189 103.190 154.938 2.571 1.327
11 6{34-6-7-8-9-34} 175.496 0.205 96.696 144.153 2.731 1.217
12 6{34-9-10-11-35-34} 221.242 0.173 108.717 162.939 2.572 1.358
13 8{35-11-12-13-14-15-36-35} 194.954 0.216 96.430 146.185 2.717 1.334
14 8{36-15-16-17-18-19-37-36} 206.165 0.220 94.844 146.168 2.712 1.410
15 6 {37-19-20-21-38-37} 213.755 0.179 99.519 152.814 2.599 1.399
16 6 {38-21-22-23-24-38} 173.043 0.208 88.780 135.930 2.739 1.273
17 8{38-24-25-26-27-26-39-38} 183.395 0.207 91.480 139.806 2.652 1.312
* The number in parentheses denotes the gathering space.
Table 6. Possible trails and syntactic properties in the Centre Pompidou.
Possible Trails . . . . . .
Mean Isovist Mean Isovist Mean Isovist Mean Isovist Mean Isovist Mean Isovist
No. Total No. Convex Space A . . . .
& Trails rea Compactness Occlusivity Perimeter Mean Depth  Area/Perimeter
1 3{(22)-5-(22)} * 442.629 0.118 146.915 236.106 2.575 1.875
2 6{(22)-9-1-2-9-(22)} 86.620 0.239 29.004 78.693 3.518 1.101
3 9{(22)-10-7-6-7-8-7-10-(22)} 139.332 0.230 44.027 96.272 3.757 1.447
4 5({(22)-10-12-11-(22)} 147.845 0.152 61.258 117.467 3.152 1.259
5  5{(22)-11-12-13-(22)} 137.739 0.157 58.688 109.965 3.153 1.253
6 5{(22)-21-20-21-(22)} 175.077 0.167 94.944 148.997 3.180 1.175
7 4{(22)-21-23-(22)} 165.909 0.106 89.801 148.357 2.997 1.118
8  7{(22)-23-18-19-18-17-(22)} 189.958 0.173 67.430 123.693 3.121 1.536
9  7{(22)-17-18-19-18-24-(22)} 194.159 0.174 67.573 123.785 3.114 1.569
10 5{(22)-24-15-16-(22)} 150.087 0.194 51.465 102.748 3.146 1.461
11 5{(22)-28-29-34-(22)} 175.458 0.107 96.741 159.355 2.882 1.101
12 6{(22)-34-29-31-60-(22)} 157.140 0.081 98.405 162.004 2.966 0.970
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Table 6. Cont.

Possible Trails Mean Isovist Mean Isovist Mean Isovist Mean Isovist Mean Isovist Mean Isovist
No Total No. Convex Space .. . .
& Trails Area Compactness Occlusivity Perimeter Mean Depth  Area/Perimeter
13 5 {(22)-60-44-61-(22)} 152.633 0.089 83.002 151.392 2.902 1.008
11 {(22)-61-41-42-41-63-38-39-
14 38-37-(22)} 166.860 0.129 73.635 133.404 3.124 1.251
15 9 {(22)-37-64-36-64-35-64-37-(22)} 126.038 0.168 49.342 101.004 3.371 1.248
16 6 {(22)-54-59-53-59-(22)} 190.239 0.198 56.905 120.668 2.947 1.577
17 3{(22)-55-(22)} 282.852 0.119 111.027 182.959 2.670 1.546
18 7 {(22)-66-52-66-51-65-(22)} 160.305 0.245 31.184 100.166 3.116 1.600
19 3 {(22)-56-(22)} 259.916 0.148 89.203 158.071 2.736 1.644
20 6{(22)-57-50-62-48-(22)} 155.880 0.225 46.563 93.950 2.943 1.659
21 6 {(22)-48-62-49-58-(22)} 171.173 0.198 56.676 103.769 3.020 1.650
22 6 {41-42-41-40-63-41} 131.890 0.121 66.978 120.484 3.372 1.095
23 12_2600}'43'44'47'46'47'45'47' 104.656 0.188 54.090 98.602 3.368 1.061
24 4{29-30-31-29} 162.821 0.114 97.823 158.945 3.189 1.024
25 4 {29-32-31-29} 164.968 0.108 100.209 161.647 3.125 1.021
26 4{29-26-27-29} 144.819 0.131 87.483 144.907 3.211 0.999
27  4{29-27-28-29} 167.253 0.114 94.463 155.451 3.060 1.076
28  5{24-14-25-15-24} 122.173 0.209 40.588 92.401 3.483 1.322

* The number in parentheses denotes the gathering space.

Lastly, in the case of the MM, three possible trails are defined, and all of them are
rooted in the gathering space (Table 7). Specifically, trail 1 is made up of seven gallery
spaces, excluding the spaces used for the gathering purpose, with the string of (7)-6-5-4-2-
3-2-1-(25)-(7). The others, trails 2 and 3, are composed of nine galleries with the strings of
(7)-(25)-23-24-23-22-21-22-19-20-19-(7), and (7)-18-15-18-11-12-14-13-14-16-(17)-(1).

Table 7. Possible Trails and syntactic properties in the Moderna Museet.

Possible Trails Mean Isovist Mean Isovist Mean Isovist Mean Isovist Mean Isovist Mean Isovist
No. Total No. Convex Space lusivi . h Peri
& Trails Area Compactness Occlusivity Perimeter Mean Dept Area/Perimeter
1 10 {(7)-6-5-4-2-3-2-1-(25)-(7)} * 170.995 0.277 40.737 93.082 4.252 1.837
12 {(7)-(25)-23-24-23-22-21-22-
2 19-20-19-(7)} 182.092 0.262 44.475 97.152 3.773 1.874
3 12{(7)-18-15-18-11-12-14-13- 198.500 0.287 42913 96.397 3.948 2.059

14-16-(17)-(1)}

* The number in parentheses denotes the gathering space.

5. Discussion

From these results, it is unclear if the trails are somehow related to particular spatial
sequences or choices. For instance, although a total of 13 trails in the UG are conceived,
it has a low ratio in d-space (0.17) and the highest ratio of both c-space and c-/d-space
(0.55 and 3.22, respectively). The AP has the highest ratio of d-space (0.44) with the lowest
c-/d-space ratio (1.06), and a total of 17 trails are defined. The CP, however, has a somewhat
lower d-space ratio (0.30) with a moderately lower ratio of c-/d-space (1.30), but at 28 trails,
the greatest numbers among the cases are identified. Lastly, the MM has a low d-space ratio
(0.17) with a comparatively higher ratio of c-/d-space (2.67), but it only has three trails.

Nevertheless, there is one significant finding from the possible trails. That is, the trails
delineated in both the UG and the MM are strongly related to one of the gathering spaces
(i.e., the loggia in the UG and the main corridor in the MM), so that all trails are main
sequences, meaning that spatial sequences are closely associated with the gathering spaces.
Hence, it can be said that the gathering space plays an essential role in providing variant
spatial sequences: sometimes the sequence is very short and simple such as in trails 8, 10,
11, and 12 in the UG, and at other times, it is very long and complex such as in trails 7 and
9 in the UG and the trails in the MM.

In both the AP and the CP, however, trails are categorized into two groups, namely,
main sequences and auxiliary paths, indicating that trails begin not at the gathering space
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but at one of the d-space gallery halls. For instance, more than half of the trails in the AP
(i.e., nine out of 17) belong to auxiliary paths, therefore the large gallery halls running
along the middle “strip” play an additional role in providing unexpected paths leading to
cabinets, which are situated in an area of the gallery that is furthest away from the gathering
space. Similarly, seven auxiliary paths in the CP allow extra journeys, and convex space
No. 29, in particular, acts as a nodal point for providing diagonal experiences.

The conception of the main sequence and auxiliary paths is strengthened by the result
of visual mean depth. In Table 2, the average value of visual mean depth in both the UG
and the MM is relatively higher than that of the AP and the CP. This means that the d-space
gallery halls, which are placed a step away from the gathering space, provide unforeseen
journeys and also decrease the depth.

In what way, then, do they differ? To answer that question, a box and whisker plot
was constructed to investigate the trail’s differences in terms of the isovist area, isovist com-
pactness, isovist occlusivity, isovist perimeter, isovist shape (area/perimeter), and visual
mean depth (Figure 4). The findings are summarized as follows:

e Regarding the isovist area, it is certain that the values for the trails of the AP are signif-
icantly higher than the others, and they are also widely distributed: mean = 261.860,
SD =71.579, p < 0.001. By contrast, the values for the UG are lower than the others:
mean = 137.289, SD = 59.827.

e Interms of the isovist compactness, the values for the trails of the UG (mean = 0.314,
SD =0.089, p < 0.001) are significantly higher than the others. By contrast, the values
for the AP and the CP are lower. Hence, it can be explained that the shapes of isovists
in the UG are comparatively simple and symmetrical, but in the cases of the AP and
the CP, they are complex and asymmetrical.

e  With the isovist occlusivity, the values for the trails of the AP (mean = 107.909,
SD =16.268, p < 0.001) are significantly higher than the others. However, when we
look more closely into the values for the CP, it is quite interesting that the values of
the trails are evenly distributed beyond the lower and upper quartiles. This means
that the trails are strongly associated with the occlusive lines. Therefore, it can be said
that, although the mean value of the CP is neither higher nor lower, the occlusivity is
considered one of the key aspects in describing its configurational features.

e Considering the perimeter, it is definite that the values for the trails of the AP
(mean =168.267, SD = 26.175, p < 0.001) are significantly higher than the others.
By contrast, the values for the UG are lower than the others.

e Interms of the isovist shape, defined with the division of the isovist area by the isovist
perimeter, the values for the trails of the MM are significantly higher (mean = 1.924,
SD =0.097, p < 0.001), so it can be said that the isovist shape is likely rounded.
By contrast, the values for the CP are lower (mean = 1.309, SD = 0.255, so the shape is
more likely spiky.

e  On the subject of the visual mean depth, the values for the trails of the UG are
significantly higher (mean = 4.106, SD = 0.306, p < 0.001), but those for the AP are
lower (mean = 2.552, SD = 0.144).

Taken together, it can be argued that from both geometric and syntactic perspec-
tives, the trails of the UG are characterized as being symmetrical, compact, non-occlusive,
rounded, non-cross-visible, and deep; the trails of the AP as asymmetrical, loose, occlusive,
spiky, cross-visible, and shallow; the trails of the CP as asymmetrical, (partly) loose, (partly)
occlusive, spiky, (partly) cross-visible, and shallow; and the trails of MM as symmetrical,
compact, non-occlusive, rounded, non-cross-visible, and deep. It should be noted here that
the characteristics of the CP’s trails are somewhat vague because of a great range of the
isovist area and the isovist occlusivity. Despite the relatively lower mean values of these
two measures, the values are running from the lowest to the highest.
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Figure 4. Box and whisker plot for the possible trails: (a) isovist area; (b) isovist compactness;

(c) isovist occlusivity; (d) isovist perimeter; (e) isovist area/perimeter; (f) isovist mean depth.

6. Conclusions

This study aims to explore in what way linearly structured museums play a role in
differentiating spatial configurations and spatial experiences and then to identify important
underlying principles throughout with in-depth geometric and syntactic case studies, using
space syntax techniques such as space type, spatial sequence and choice, isovist, and VGA.
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Particularly, possible trails, derived from the conception of space type and spatial sequence,
are used to find out in what way spatial configurations work.

Through an in-depth investigation of four well-known art museums, namely, the Uffizi
Gallery, the Alte Pinakothek, the Centre Pompidou, and the Moderna Museet, we have
reached the following conclusions.

First, spatial sequence, leading to structured movement patterns, is strongly correlated
with the isovist area and compactness but hardly corresponded to the isovist perimeter
and occlusivity. Due to compressed and shortened features, the collection of visible sur-
faces (i.e., isovist) are simple, rounded, symmetric, and hard to discern, therefore working
conservatively. This was discovered primarily in the cases of the UG and, partly, the MM.
By contrast, spatial choice, enabling us to create our paths throughout the layout of space,
is significantly related to isovist perimeter and occlusivity but not to the isovist area and
compactness. Due to the lengthy and omnipresent properties, the collection of visible sur-
faces were asymmetric, complex, spiky, and easily seen, therefore working in a generative
way. This was seen in the cases of the AP and partly in the CP.

Second, the spatial sequence is specifically defined as two types of sequences: the
main sequence is derived from gathering space, yet with the auxiliary paths created from
one of the gallery halls. The former is strongly associated with the gathering space, and it
is mainly developed in the case of the UG and the MM. Here, we can argue that gathering
space plays two roles: it provides syntactic information regarding gathering properties
such as connectivity, integration, and intelligibility, and also leads us to return regularly to
the same place (i.e., gathering space) after completing several distinct trails (e.g., a long
journey composed of a series of c-spaces, a very short one made of only a single a-space,
or the ones between them). Therefore, this spatial sequence is strongly correlated with
visual syntactic features.

At the same time, the auxiliary paths are seldom related to gathering space. This means
that it is independent of the main axis. For instance, the large gallery halls placed along the
second strip in the AP work in articulating naive trails via cabinets, and the galleries, located
at the second row from the main corridor in the CP, organize a small walk. Particularly,
this journey is strongly concerned with visual geometric properties such as occlusivity
and the area/perimeter. Particularly, one should note that occlusivity is one significant
attributes making the auxiliary paths distinctive. The AP is characterized by high values of
occlusivity. This means that the occluding radial surfaces are longer than the other cases,
so that the paths reflect perceptual uncertainty, although its spatial structure is powerfully
linear. Additionally, the CP has relatively high values of occlusivity, and the auxiliary paths
are quite unpredictable, which is also due to the occluding radial surfaces. On the other
hand, the UG features low values of occlusivity, meaning that the occluding radial surfaces
are shorter than the others, and, therefore, it can be said that the paths are quite predictable,
in spite of a number of auxiliary paths.

Finally, we should note that space itself works in distinct ways: without a doubt,
the gathering space provides access to all spaces across the floor plan and plays a role
in generating different walking sequences that are mainly composed of c-spaces. These
sequences are easily accessible and recognizable. However, when we look into the cases
where d-spaces are the prominent space type, certain gallery halls play the same role of
generating spatial sequences (i.e., auxiliary paths). Therefore, they perform two distinct
functions: occupation and local movement. More importantly, local movement is facilitated
by occlusive edges.

From these findings, it can be said that art museums work with distinctly different
spatial sequences, and particularly, the auxiliary paths generated from the gathering spaces
generate spatially different experiences. Thus, it might be argued that it seems that art
museums work in the same way, while gallery spaces are configured in distinct ways. This
is the reason that spatial experiences are substantially different from one another.
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