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Abstract. Colonialism in Indonesia leaves a profound mark on various aspects,
including urban and spatial development. Many cities in Indonesia, such as Su-
rabaya, evolve in accordance with the remnants of colonial city structure. The
post-colonial urban development significantly affects how we navigate within the
city, impacting our wayfinding performance, especially in transitional spaces. Of
the many post-colonial marks, some landmarks remain, shaping the transitional
space for wayfinding support. However, over the years, the city's morphology
has evolved in accordance with the social dynamics of post-colonial society.
With regard to the spatial transformation, this study aims to investigate the influ-
ence of postcolonialism in landmark wayfinding support. The study was con-
ducted by analysing the city's morphology over three different timelines using
the space syntax analysis method. The analysis covered several aspects, such as
route decision, structural access, visual orientation, and landmark visibility. All
the mentioned aspects are examined using various spatial datasets such as seg-
ment analysis, visibility graphs, and step depth. The result indicated that the co-
lonial main structure persists among newly formed densities which are generated
from the urban dynamic. Wayfinding support for accessing landmarks does shift
due to the increase in density, which disrupts the landmark's visibility. These
findings were indicated from the increasing average value of Visual Graph Anal-
ysis (VGA) despite varying results of segment analysis across time.

Keywords: Wayfinding, Space Syntax, Post-Colonial, Landmark, Transitional
Space

1 Introduction

Post-colonial city development in Indonesia is marked by spatial layers shaped by the
colonial urban development legacy and modern urban intensification [1]. Dutch East
Indies colonization, introduced a hierarchical street structure, racial zone segregation,
and zoning that organized movement and social order to Indonesian urban planning and
morphology [2], [3], [4]. Currently, the spatial structure persist and continue to surface
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in post-colonial cities, including Surabaya, which has been the center of important port
and East Java trade [5], [6].

The surrounding area of the Jembatan Merah (Red Bridge) in Surabaya, formerly
known as the European Quarter, is a real example of the colonial city morphology leg-
acy [4]. This area was developed across the Kalimas River waterfront adjacent to Chi-
nese and Arab quarters, forming a city structure which reflects the social and economic
segregation during the colonial era [3]. Nevertheless, the current Surabaya city mor-
phology no longer reflects the colonial city pattern. But instead it indicated a deviation
and transformation due to the densification process, commercial area development, and
adjustment to modern civilization demands [1]. Several studies mentioned that despite
remaining primary spatial structure, many colonial buildings develop transformations
in shapes and function. For instance, Jembatan Merah Plaza (JMP) shopping mall re-
placed a historical colonial warehouse in the 1990s [4]. Moreover, the newest research
also indicated the emergence of counter-mapping and colonial legacy reinterpretation
within the contemporary Surabaya city design [7].

These conditions indicate that post-colonial cities have a layered morphology: colo-
nial patterns are still legible in the macrostructure, with more complex and dynamic
structure at the micro level. The apparent changes would have a direct impact on the
wayfinding process, which is an individual's ability to navigate within a space through
directional support, route decisions, and landmark visibility [8]. Moreover, in the spa-
tial cognition context, spatial orientations are significantly dependent on the interplay
of spatial structure, visual field, and landmark visibility, which together form the cog-
nitive foundation for spatial understanding [9].

Quantitative approaches such as segment analysis and visibility graph analysis
(VGA) from space syntax theory provide quantitative methods to understand the rela-
tionship between city structure and navigation behaviour [10]. Integration and choice
metrics can be used to measure the to-movement and through-movement, while visibil-
ity analysis helps to measure the field of view and visual pull [11], [12]. In a post-
colonial context, densification and building shape transformation could increase the
spatial accessibility but also reduce the spatial legibility at the same time. The situation
could cause the shift of orientation from natural spatial cues to artificial signage or
spatial memory.

With the mentioned background, the study aims to investigate how the spatial struc-
ture could influence the wayfinding process in reaching a landmark in Surabaya within
three different periods (1897, 1934, 2025). This study focuses on landmark wayfinding
due to its role in inducing natural behaviour in urban navigation [13]. The analysis was
conducted by evaluating four main dimensions: (1) route decision, (2) structural access,
(3) visual orientation, and (4) landmark visibility. Through comparative spatial and vis-
ual analyses, this research seeks to reveal how post-colonial morphological transfor-
mation reshapes the spatial supports for navigation and environmental legibility and
how colonial spatial frameworks continue to influence or gradually fade within the
modern urban fabric of Surabaya.
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2 Methodology

This study aimed to investigate how spatial structure affects wayfinding to a landmark
within a post-colonial context across three periods (1897, 1934, 2025). To identify sup-
ports for wayfinding, the study focused on movement-driving forces expressed through
visual and spatial entities. The wayfinding dimensions being assessed were route deci-
sions, structural access, visual orientation, and landmark visibility, which were meas-
ured with space syntax analysis [14] (Table 1). Route decisions reflect turn complexity
and decision load by observing the number and sharpness of turns within the overall
spatial structure shown in angular step depth measurement. This metric captures the
cognitive load from turn sequences along the route. Structural access indicates spatial
reachability and through-movement potential with respect to overall urban mobility. It
captures how the street network structurally supports getting to and moving through the
route. Visual orientation represents the visual pull and the field of view from selected
wayfinding points by indicating whether space guides the gaze and how wide the scene
is at decision points. Landmark visibility is assessed through visual step depth to cap-
ture the visibility of the target landmark, which analyses the number of visibility “hops”
before the landmark is seen/confirmed. Various spatial contexts supporting wayfinding
include spatial structure, which encourages movement and choice. Visually, urban to-
pology examines how spatial elements and landmarks contribute to movement and vis-
ibility.

Table 1. Wayfinding dimensions and metrics used to assess route decisions, structural access,
visual orientation, and landmark visibility.

Wayfinding Dimension (Cat- Description

Metrics
egory)

A. Route decision .
. . Cognitive load from turn se-
Turn Complexity & Decision Step-depth (angular)
Load quences along the route
oa

How the street network structur-  NAIN; (to-movement) along the route
B. Structural access

ally supports getting to and mov- (mean & min); NACH; (through-
Reachability & Through-ness ¥ SUPPOTES EETNE ( ) r &

ing through the route movement) peaks at nodes.

. . . Whether space guides the gaze . . .
C. Visual orientation VGA FPM (drift magnitude & direc-

and how wide the scene is at deci-

Visual Pull & Field of View . . tion)
sion points
D. Landmark visibility How many visibility “hops” be-
Seeing the Target, Step-by- fore the landmark is seen/con- Step-depth (visual)
Step firmed?

2.1  Case Study
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The selected case study in this research is located in the old city area of Surabaya,
specifically in an area known as the European Quarter nearby the historical Jembatan
Merah (Red Bridge). This area was chosen because it was a core part of Surabaya's
early development during the colonial period, which features numerous heritage colo-
nial buildings that are densely packed and serve significant commercial functions. This
area also represents a typical colonial city structure, which possesses an ordered grid of
streets, constricted corridors, and building fronts set to the principal axis of the main
commercial area, lining up across the Kali Mas riverfront. With such character, this
area becomes an ideal site to evaluate the spatial support of wayfinding activities, es-
pecially in the context of colonial and post-colonial history.

The research area was limited to a 400-meter radius from the centre of Jembatan
Merah. This radius is selected to reflect the shortest walking distance coverage, which
is still relevant for pedestrian orientation in the context of the historical city. Further-
more, this radius also allows for the evaluation of segment analysis within a fairly dense
yet controlled scope, allowing detailed analysis of connectivity and spatial integration
patterns without losing the immediate environmental context surrounding the land-
mark. The selection of this radius also takes into account the density of colonial build-
ings that are still maintained in the area to this day so that the results of the analysis can
describe the continuity and changes in the spatial structure and orientation of public
spaces temporally.

The analysis was conducted within three time periods: 1897, 1934, and 2025. These
three time periods were selected to represent the change of spatial structure across time,
from early colonial to late colonial to the modern post-colonial (Figure 1). This study
uses three cartographic sources: (1) the historical map Soerabaja (Scale 1:50,000),
1897, from J. F. van Bemmelen and G. B. Hooyer’s Guide to the Dutch East Indies,
with image courtesy of the Perry-Castafieda Library Map Collection, University of
Texas at Austin; (2) Gemeente—Soerabaja (Scale 1:10,000), c. 1934, published by N.V.
v/h H. van Ingen (Soerabaja), retrieved from Leiden University Libraries — Digital Col-
lections; and (3) a contemporary 2025 basemap derived from OpenStreetMap data (©
OpenStreetMap contributors, used under the ODbL 1.0). By comparing these three pe-
riods, this study seeks to identify how the city's spatial and visual structure could influ-
ence the wayfinding support over time.

Street-network and building-block layers for 1897 and 1934 were created by manu-
ally digitising features from the original maps after georeferencing them to Surabaya’s
present-day urban framework using stable control points (bridge and road intersections)
and river alignments (Figure 2). Surabaya 2025 street-network and building-block lay-
ers were collected from Open Street Map (OSM). To provide an accurate comparative
spatial analysis, the spatial blocks need to be in a similar state. However, building block
layers from 1897 and 1934 were drawn in a simpler state, illustrating the urban blocks.
Therefore, the Surabaya 2025 building block layers were simplified to create an urban
block similar to the older map period (Figure 3). The building block simplification is
significant in creating a more accurate spatial analysis, especially for Visual Graph
Analysis (VGA), which is generated from the spatial visibility.
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1897 2025

Fig 1. Historic (1897, 1934) and present-day (2025) views of Surabaya aligned to a common
extent; the red circle marks the study landmark used in the wayfinding analysis.
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Fig 2. Digitised maﬁs used for the analysis, derivedA fforﬂ three original map sources.
The red circle indicates the study radius, and the grey shaded polygon shows the digit-
ized building or urban block layer.

7

Fig 3. Surabaya 2025 building block simplification Left is the original building blocks;
right is the simplified result.

The landmark chosen as the centre of identification is De Javasche Bank, which is now
known as the Bank Indonesia Museum. De Javasche Bank was selected due to its con-
sistent acknowledgement as a landmark in all three map periods (Figure 4). Despite
the transformation of the building's function from colonial bank to national museum,
the building positions within the city structure remained well-maintained. Its consistent
existence and visibility as a landmark make it an ideal reference point for evaluating
how the spatial support for landmark reachability changes throughout Surabaya City's
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morphological evolution, transitioning from the hierarchy of colonial structures to a
more complex post-colonial urban setting.

1897 1934 2025

11. General Custormhouse.

Fig 4. Close-up views of the study landmark and its immediate surroundings in 1897, 1934, and
2025. Red shades indicate the position of De Javasche Bank.

3 Results and Discussion

3.1  Overall Spatial Performance

Figure 5 showed Surabaya city's morphological change across three different periods,
1897, 1934, and 2025, which illustrate the spatial structure transformation around the
centre of Surabaya's European Quarter. Generally, the street structure and block density
seem to experience significant change across timelines. In the year 1897, the city struc-
ture tended to be open and spacious, with a linear network pattern following the Kali
Mas waterfront. The main circulation directions are still quite distinct, connecting the
colonial commercial corridor and the central government area. Coming into the year
1934, the city network started to fill in with more blocks and new street branches sur-
rounding the commercial area. The density rose, but the main street networks are still
well defined due to the sustained colonial urban pattern around the Jembatan Merah
area. As of 2025, the city's structures have become much denser and more fragmented,
with numerous additions to local streets, alleys, and modern buildings that obscure
many of the old corridors. The development pattern is no longer following the river axis
but spreading in various directions, indicating a transition from a structured colonial
city pattern to a more layered and organic one.

Overall, this transformation indicated a shift from a hierarchical structure to a dis-
tributed network, where the dominant direction weakens as density and complexity in-
crease. Those transformations become the main background to understand how the spa-
tial support of wayfinding also changes across timelines.
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Fig 5. Landmark-area spatial structure across 1897, 1934, and 2025; lower panels show the road
pattern traced from the maps.

3.2 Route Decision

The analysis of the route decision aimed to examine how the complexities of route and
load decisions were influenced by the city structure surrounding the landmark. This
dimension is focusing on how far the spatial user needs to make directional decisions
or turn during movement towards the landmark, which reflects the legibility and way-
finding efficiency within the city structure. The evaluation was done through angular
step depth analysis, which is used to measure how "direct" or "winding" a route is ac-
cording to the angular deviation between connected street segments. The minimum,
maximum, and average values are shown in table 2.

Angular step depth analysis works by measuring the level of route complexity ac-
cording to the cumulative change between consecutive street segments. Each intersec-
tion or turn was considered as a step, which is a decision point that needs to be taken
by the spatial user while moving toward their destination. High value indicated that the
route has more turns and requires a greater cognitive load in the navigation process.

In the analysis map (Figure 6), the red-yellow colour demonstrates a lower angular
depth, which means that the route is more direct and easy to remember. Meanwhile,
the green-blue colour illustrates a higher angular step depth value, which indicates a
more complex and winding route. The minimum value indicates the origin segment, the
mean value depicts overall network complexity, and the maximum value identifies the
most angularly convoluted routes.

In 1897, the street network at its centre was still linear and directional, following the
main axis of Kali Mas. The dominant red—yellow colour showed that the route heading
to the landmark was quite direct and easy to remember, with a small number of inter-
sections and a consistent directional pattern. This condition supports intuitive naviga-
tion, because the users would be able to maintain a stable visual reference toward the



Post-Colonial Wayfinding to the Landmark: Turns, Angles, and ... 109

landmark. The Angular Step Depth values ranged from 0 to 2.11, with an average of
0.81, confirming that routes were short and cognitively simple.

By 1934, the Angular Step Depth value had increased, indicating additional inter-
section and branching corridors. Even though the main directions are still identifiable,
the intersection distributions are more symmetrical against the landmark position;
therefore, the movement tendencies are beginning to require more directional decision-
making. The colonial structure still provided a guiding framework, but the clarity of
directional orientation began to diminish. The average value rose to 1.11 (with a max-
imum of 3.80), reflecting a measurable increase in route complexity and the number of
directional shifts.

Meanwhile, 2025 angular step depth analysis showed higher density and fragmenta-
tion of the city network, with high-valued zones (red) spreading more in various direc-
tions, including both of the riverside areas. This situation signifies the disappearance of
the primary spatial structure that served as a natural route to the landmark. The users
are currently faced with more alternative paths and turning points, which are causing
an increase in the wayfinding cognitive load, even though overall connectivity and ac-
cessibility have improved. The average Angular Step Depth further increased to 1.16,
indicating that the modern urban network demands more turns and a greater cognitive
effort to maintain orientation toward the landmark.

Overall, the Angular Step Depth across the timeline showed transitions from a hier-
archical and legible colonial network toward a more complex and distributed post-co-
lonial configuration. These transformations indicate that, despite the increase in acces-
sibility, landmark directional clarity can decrease, making the spatial orientation pro-
cess more dependent on visual cues and spatial experience.

4 i

. Low

1897 Landmark

Fig 6. Surabaya Angular Step Depth Analysis in the years 1897, 1934, and 2025

Table 2. Summary Statistics of Angular Step Depth (1897, 1934, 2025)

Year Minimum Average Maximum
1897 0 0.80952 2.11015
1934 0 1.10656 3.79916

2025 0 1.16219 3.80513
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3.3 Structural Access

The structural access analysis aims to evaluate the spatial value of reachability and
through-movement in supporting wayfinding towards the landmark. This dimension
focuses on the extent of spatial structures in enabling local and global efficient move-
ment, which is a fundamental insight into user accessibility and spatial orientation. The
analysis was conducted by utilising segment analysis with two main indicators: Nor-
malised Angular Integration (NAIN), measuring to-movement, or the ease of reaching
a point of a spatial network, and Normalised Angular Choice (NACH), measuring
through-movement, or the frequency of a street segment functioning as a potential route
between multiple points.

Principally, NAIN represents the degree of accessibility. The higher the value, the
easier it is for a certain point to be accessible from other networks. On the contrary,
NACH illustrates the movement flow potential. A higher value indicates a greater op-
portunity for the segment to facilitate movements towards other destinations, and it can
also be interpreted as a measure of spatial centrality. High-value street segments are
shown in a red-yellow colour, indicating high access or flow intensity. Low values are
represented in green—blue, indicating low access or limited flow. Figure 7 illustrates the
spatial distribution of NACH and NAIN values, which visually indicate the level of
accessibility and movement patterns that change from the concentrated colonial axis to
a more distributed post-colonial urban network.
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1897

1934

Low

Fig 7. Surabaya Normalised Integration (NAIN) and Normalised Choice (NACH) in the years
1897, 1934, and 2025
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Figure 8 and Table 3 illustrate the variation of Normalised Angular Integration (NAIN)
and Normalised Angular Choice (NACH) in the years 1897, 1934, and 2025. Both met-
rics indicate a contrasting pattern where the NACH value declined from 0.86 in 1897
to 0.75 in 1934 before rising again to 0.83 in 2025. Meanwhile, NAIN showed a slight
increase from 0.80 in 1897 to 0.83 in 1934, which was followed by a sharp drop to 0.73
in the final period. This pattern demonstrates a clear transition in accessibility structure,
from a centralised and hierarchical colonial system to a more distributed post-colonial
network. Meaning that movement potential is increasing, yet directional efficiency to-
ward the landmark is gradually weakened over the period. The standard deviation val-
ues (ranging between 0.41 and 0.56) suggest that this transformation resulted from a
gradual redistribution of connectivity rather than abrupt spatial disparities.

Mean Value Segment Analysis

0,90

0,80 :><>'<:

0,70

0,60
1897 1934 2025

Fig 8. Mean segment-analysis values for through-movement (NACH) and to-movement/reacha-
bility (NAIN) across 1897, 1934, and 2025.

Table 3. Summary statistics (mean and standard deviation) of NACH and NAIN by year (1897,

1934, 2025).
1897 1934 2025

Metric NACH NAIN NACH NAIN NACH NAIN

Mean 0.86 0.80 0.75 0.83 0.84 0.73

Std Dev 0.57 0.151 0.58 0.42 0.41 0.49

Overall, the results from NAIN and NACH demonstrate the transition from a hierar-
chical colonial structure to a post-colonial structure, which is denser and more distrib-
uted. Despite a rise in connectivity, the clarity of directional access to the landmark
weakened, which implicates the drop of spatial legibility and the rise of dependency on
visual cues and spatial experience for wayfinding.

3.4  Visual Orientation

Visual orientation analysis aimed to evaluate how visual pull and field of view influ-
ence the user orientation experience within the city space. This dimension measures the
extent of spatial configuration in supporting the user's ability to capture the movement
direction and to identify the visual orientation. The evaluation was commenced using
Visibility Graph Analysis (VGA) with two main parameters: First Point Movement
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(FPM), which depicts the direction and magnitude of visual drift, and connectivity,
which demonstrates the degree of visual openness or intervisibility among spaces [10].

Generally, high FPM values indicate strong visual guidance and wider visibility
fields, whereas lower values indicate restricted or obstructed views, which are caused
by dense physical structures [15]. In VGA, the red-yellow colour represents areas with
high connectivity and visual pull, while the green-blue colour indicates areas with vis-
ual restrictions. The average value was used to demonstrate the visual openness ten-
dency in the overall network structure.

Figure 9 showed a VGA result in the years of 1897, 1934, and 2025, which illustrates
FPM spatial distribution and visual orientation transformation around the landmark area
over time. Visually, areas with high value (red colour) were reduced from time to time,
indicating a gradual loss of long-range visibility and weakening of dominant visual
corridors. Meanwhile, Table 4 showed the minimum, average, and maximum value of
VGA FPM for each period. The FPM average value drastically drops from 2,544,530
in 1897 to 455,859 in 1934 and remains low at 604,195 in 2025, while the maximum
decreases from 6,527,460 to 3,444,870. This trend showed that building density and
modern spatial fragmentation progressively reduce visual openness and obscure the
visual cues that once guided users intuitively toward the landmark.

1897 1934 2025

Fig 9. Surabaya VGA-FPM analysis in the years 1897, 1934, and 2025

Table 4. Summary statistics (minimum, mean, maximum) of VGA Point First Moment (FPM)
within the landmark area by year (1897, 1934, 2025).

Year Minimum Average Maximum
1897 59605.9 2545430.0 6527460.0
1934 100.74 455859.0 2079880.0
2025 22.9574 604195.0 3444870.0

Overall, the declining FPM value illustrates the shift from a colonial environment,
which was open and visually easy to read, to a dense and fragmented post-colonial
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space. This condition demonstrates that city densification is not only affecting the phys-
ical structure but also reducing the visual clarity and the natural guidance that previ-
ously supported intuitive wayfinding.

3.5 Landmark Visibility

The landmark visibility examines the evolution of landmark visibility within the con-
text of city morphology, spanning from the colonial to the post-colonial period. This
dimension evaluates how fast and how often a landmark can be seen along the route,
which directly affects the process of orientation and decision-making in wayfinding.
The valuation was done using Visual Step Depth Analysis, which measures the number
of visual “hops” required to see the landmark from any given point within the street
network [15].

A low visual step depth value indicates that the landmark was visible earlier and
more directly, whereas a high value indicates that the landmark's visibility was ob-
structed or could only be seen after several visual step depths. The analysis map (Figure
10) showed a visibility value with colour gradation from red (high/easily seen) to blue
(low/harder to see). The average value was used to illustrate the general visibility de-
gree, while the maximum value demonstrates the maximum visibility value furthest
from the landmark.

Table 5 showed statistical landmark visibility for each period. The results indicated
a gradual rise in visibility scores, increasing from 2.53 in 1897 to 2.89 in 1934 and
reaching 3.03 in 2025, along with an increase in the maximum value from 4 to 7. The
increasing value indicated that the landmark is getting harder to see directly, along with
the rise of density and city complexity. Visually, the city map in 1897 showed that the
landmarks are visible from various directions, with wide red areas along the main cor-
ridor. By 1934, the visible area was shrinking because new buildings were emerging in
the colonial commercial district. In 2025, although some main corridors remain open,
the visible areas shrink even further, which reflects greater visual obstruction and a
decline in direct visual orientation toward the landmark.

Overall, this result showed the landmark visibility has decreased from time to time.
In a wayfinding context, this condition means that a landmark that previously func-
tioned as a natural visual anchor is now playing a role as a symbolic element, as its
visual prominence is increasingly constrained by the complexity and enclosure of the
modern urban environment.
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Fig 10. Surabaya Visual Step Depth analysis in the years 1897, 1934, and 2025.

Table 5. Summary statistics (minimum, mean, maximum) of Visual Step Depth by year (1897,

1934, 2025).
Year Minimum Average Maximum
1897 0 2.53103 4.0
1934 0 2.8892 7.0
2025 0 3.02669 7.0

4 Conclusion

The finding of this study demonstrated that Surabaya's spatial structure has significantly
shifted from a legible, hierarchical colonial order to a denser and more fragmented post-
colonial configuration. The four-wayfinding dimension analysis (route decision, struc-
tural access, visual orientation, and landmark visibility) reveals increasing route com-
plexity, more distributed accessibility, declining visual openness, and reduced land-
mark visibility. These transformations highlight city network transitions from a directed
and legible urban form to a complex multi-directional structure. Subsequently, the city
morphology transformation is not only influencing the physical environment but also
the user cognitive experience, especially in navigating and understanding the city lay-
out.

Additionally, this study underscores that post-colonial wayfinding no longer de-
pends on one dominant direction or single landmark but also on spatial interpretation,
which is more contextual and adaptive. With the increase in network complexity, users
must rely more on artificial visual cues, experiential memory, and localised navigation
strategies. In the Surabaya context, this situation reflects the shift which originally
placed the landmark as a centre of visual and symbolic importance during the colonial
period to a more plural post-colonial orientation, where the landmark still stands as an
important piece in a more complex spatial network.

These insights have broader implications for urban design and spatial planning. Ad-
ditionally, understanding the relationship between spatial structure and wayfinding be-
haviour can provide a fundamental foundation for creating a more legible city network
that supports intuitive navigation. For historic cities like Surabaya, the revitalisation
strategy needs to consider the balance between modern densification and colonial visual
orientation preservation so that spatial identity and orientation capabilities are sustained
amidst morphological transformation.

While this study provides a comprehensive understanding of spatial structure trans-
formation in wayfinding support, there are still several limitations that need to be
acknowledged. The analysis focused on spatial representation through visual and seg-
ment-based modelling without incorporating direct user behaviour data. Therefore, fu-
ture research could integrate empirical data from user simulation and survey to cogni-
tively validate the spatial findings. Moreover, a comparative study across cities or urban
typologies could help explain wayfinding patterns in different post-colonial contexts.
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