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Abstract. Existing research which is related to spatial knowledge acquisition 
often shows a limited scope because of the complexity in the cognition process. 
Research in spatial representation such as space syntax presumes that vision 
drives movement. This assumption is only true under certain conditions and 
makes these models valid only in specific scenarios. Research in human spatial 
cognition field suggests that the spatial information perceived by the individual 
is not equal to the visual appearance of the space, a straightforward way to 
represent this cognition process quantitatively is lacking. Research in wayfind-
ing usually assumes a certain degree of familiarity of the environment for the 
individual, which ignores the fact that the individual sequentially perceives in-
formation during wayfinding and the familiarity of the environment changes 
during the wayfinding process. 

In this paper, a conceptual spatial knowledge acquisition model for architec-
tural space is presented based on the continuous spatial cognition framework. 
Three types of local architectural cues are concluded to relate common architec-
tural elements to the continuous spatial cognition framework. With all relations 
in the proposed conceptual model quantitatively described, a computational 
model can be developed to avoid the aforementioned limitations in spatial  
representation models, human spatial cognition models and wayfinding models. 
In this way, our computational model can assist architects evaluate whether 
their designed space can be well perceived and understood by the users. It can 
help enhance the way-finding efficiency and boost the operational efficiency of 
many public buildings. 

Keywords: local architectural cues, spatial knowledge, human cognition 
framework. 

1 Limits in Current Research 

Existing spatial representation models, human spatial cognition models and wayfinding 
models, exhibit limitations that follow from the assumptions underlying these models. 
An overview of these limitations and assumptions is presented in the next sections. 
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Fig. 1. Overview of assumptions and limitations of existing spatial knowledge acquisition 
models 

1.1 Limitations in Spatial Representation Models 

Since the notion of legibility introduced by Lynch [1], researchers have tried to 
represent the complexity of a floor plan layout quantitatively, namely through a spa-
tial representation [2-6]. Notably, space syntax is the most influential one among 
them, in which the spatial organization is represented by a set of computational maps 
such as axial maps, isovist maps, and integration maps [7]. Each map reflects one 
feature of the spatial organization of the architectural space. Such quantitative repre-
sentation of the architectural space could be directly used in the design of space by 
architects and urban designers. However, the assumption that these methods build 
upon brings limitations to them. The assumption is based on Gibson’s notion of optic 
flow, which indicates that animals’ movements are decided by their visions, and they 
move simply because they want to see more [8]. In other words, vision drives move-
ments. For example, theisovist was first introduced by Benedikt as a tool for modeling 
human space perception in the context of architectural design [9]. It is the set of all 
points visible from a given vantage point in space and defines a field of vision from 
which various pure geometrical properties, such as area and perimeter, can be  
calculated [10]. Benedikt starts by considering the volume visible from a location and 
then simplifies this representation by taking a horizontal slice through the isovist po-
lyhedron [11]. However, this 360 degree range of vision calculated from the building 
plan does not coincide with the actual perception of individuals in the environment. 
Empirical findings by Werner and Schindler revealed thatthe floor plan layout is quite 
different from the spatial knowledge which drives individual’s wayfinding [6].  
Because isovists serve as the basis for many kinds of computational maps such as the 
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axial lines by Hillier and Hanson [12], convex partitions by Peponis [13], and the 
integration maps by Turner [11]. the assumption of human perception that ‘vision 
drives movements’ propagates through these spatial representations. These methods 
are only valid for specific scenarios in which individuals move like animals with no 
specific targetsand thus are not applicable to many architectural designs.  

1.2 Limitations in Human Spatial Cognition Models 

Research in human spatial cognition allows for the consideration of how spatial  
information is retrieved and processed in the human brains. It is well acknowledged 
that the individual’s spatial perception is built sequentially from the pieces of local 
information in a large-scale space [6]. Researchers aim to identify how an individual’s 
spatial knowledge is acquired from space and constructed in the brains, indicated as 
spatial knowledge acquisition. Up till now, there are two existing human cognition 
frameworks to help to decipher this process. They are the dominant framework  
proposed by Siegel and White and the continuous framework proposed by Montello 
[14, 15]. Both frameworks give guidelines on how local information is acquired and 
integrated into spatial knowledge. However, because of the complexity of these 
processes, current research in this field only partially reveals the relations between 
architectural space and the spatial knowledge acquisition process. For example,  
Werner and Ben-Yehoshua focused on the impact of the shape of wall corners [6, 16]. 
Other research revealed the relations between geometric shapes in architectural space 
and spatial decision making [17]. Hoever, a comprehensive quantitative description of  
the spatial acquisition process remains unclear which restricts architerctural deisgn 
evaluation.Limitations in Wayfinding Models 

Some researchers show that familiarity with the environment influences strategy 
choice for individuals in wayfinding tasks [18]. With the state-of-art taxonomy in way-
finding tasks by Wiener, it is quite clear that existing research in wayfinding comes 
with the assumption of a certain degree of familiarity of the space [19]. Different levels 
of spatial knowledge acquired by the individual determines the wayfinding strategies, 
thus resulting in different wayfinding types [19]. However, it is acknowledged in the 
field of spatial cognition that individuals sequentially perceives information during 
wayfinding and the familiarity of the environment changes during the wayfinding 
process [20]. With this short coming, current wayfinding models become invalid in 
many cases when the individual slowly get familiar with the built environment. 

2 A Spatial Knowledge Acquisition Model in Architectural 
Space 

As can be seen from the overview of the limitations in the aforementioned research 
fields, a quantitative spatial knowledge acquisition model is needed. In this paper, a 
conceptual spatial knowledge acquisition model for architectural space is introduced 
based on the continuous cognition framework, which will finally lead to a dynamic 
computational model for wayfinding. In this model, three types of local information 
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in architectural space are concluded to explain the relations between architectural 
space and human cognition process.  

Because the spatial knowledge is acquired sequentially from local information in 
space [6], the useful information derived from architectural elements in architectural 
space has to be identified first. In the field of human cognition, these local cues are 
the discrete objects stored in the memory [14]. In architectural space, such local cues 
have social meanings. For example, a door is recognized and stored as a “door” in the 
memory rather than a panel with certain dimensions. The existence of such social 
meanings even affects the perception of unseen space. For example, it is true for most 
individuals that the perception of a row of empty chairs before a door would indicate 
it could be a meeting room rather than a locker room. Empirical findings have  
approved such impact from the background knowledge in the decision making during 
wayfinding [21] and the construction of spatial knowledge [22]. These local informa-
tion derived from architectural elements is called local architectural cues by Sun in 
2008 [23]. He suggested that local architectural cues are a type of information that is 
perceived from the three-dimensional geometric features of local architectural  
elements. Different information is retrieved from the architectural elements based on 
different tasks. In his modelfour kinds of architectural cues are retrieved: the architec-
tural elements in the circulation system, the distance from the architectural elements 
to the individual, the scale of the architectural elements, and the angular positions of 
the architectural elements in the individual’s field of view. Though his model  
bypasses the process of constructing spatial knowledge and the cues derived from the 
architectural elements directly decide the movement of the evacuees [24], the perfor-
mance of the model is quite good. This good performance can be explained by the 
fact that leaving at the exits is the dominant rule in the decision making in emergency 
situations. Further studies by Chen developed this model into more complex room 
configurations [25] and also shows a good performance. These results proved that 
local architectural cues are essential to the individual’s perception of the architectural 
space and the construction of spatial knowledge is task dependent. 

For the construction of spatial knowledge in a general manner, there exist human 
cognition frameworks which could help to identify the essential types of local archi-
tectural cues. One framework by Siegel & White was introduced in the year 1975 
[14]. Later, in 1998, Montello proposed an alternative framework which is believed to 
be more conceptually coherent and more consistent with research evidence [15]. This 
new framework, which was later called the continuous framework by Ishikawa [26], 
has received support from several studies, such as individual differences of spatial 
abilities [27, 28], sense-of-direction [29, 30]), neural correlates of spatial thinking 
[31] and in the developmental pattern of individual’s spatial knowledge [26]. There 
are five tenets in this framework: 

1. The metric configuration knowledge is acquired by first exposure to a novel place. 
(e.g. The distance between two doors in the wall is perceived (though roughly) 
when the subject sees them.) 

2. As familiarity and exposure to places increases, the completeness of spatial know-
ledge continuously increases. (e.g. As the subject moves from the first floor to the 
top floor in a building, his/her  familiarity gradually increases.) 
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3. Separately learned places are integrated into a more complex spatial knowledge. 
(e.g. When the chandelier in the atrium can be seen from two rooms at different  
levels of a building, the subject may get an idea of the relative position of both 
rooms.) 

4. Individuals with equal levels of exposure to a place differ in the accuracy of their 
spatial knowledge. (e.g. People in a tourist group behave differently in their  
wayfinding abilities in a totally unfamiliar environment. ) 

5. Linguistic systems can be used to store non-metric spatial knowledge. (Some 
landmark information such as “a grocery store on the opposite of the destination” 
or “a red building at the end of the blocks” is stored in the subjects’ linguistic  
system and serves as a guidance in the wayfinding) 

These five tenets shed light on the spatial information (local architectural cues) that 
should be retrieved for the construction of the individual’s spatial knowledge in archi-
tectural space. With the guidance of these five tenets, three types of architectural cues 
are concluded, namely (1) semantic information from architectural space, (2) metric 
information from architectural space and (3) reference frames from architectural 
space. The relations between these architectural cues and these five tenets are  
explained in the following section. 

2.1 Semantic Information from Architectural Space 

Relations with the Cognition Framework. Semantic information indicates the 
meaning of geometries in architectural space. This is in accordance with the fifth 
tenet. Hershberger argues, “There are few forms in architecture to which men do not 
attach some meaning either by way of convention, use, purpose, or value. This in-
cludes the very mundane realization that a wood panel approximately three feet wide 
by seven feet high is a Door, which can be used to go through from one space to the 
other.” [32] With a metaphor of languages, Zevi explains the feature of the architec-
ture from the other art forms as its working with the “three-dimensional vocabulary” 
related to the human being’s behavior [33]. It is true that this semantic knowledge has 
a close relation to our linguistic system in wayfinding tasks. Existing cognition  
research showed that people learned landmarks through verbal descriptions or labels 
[34, 35]. Raubal showed that linguistic information could enhance wayfinding  
performance [36]. Because architectural space is filled with meaningful geometries 
such as windows, door, columns, stairs etc. , semantic information is an essential part 
in the construction of spatial knowledge in architectural space. 

Relations with the Architectural Space. The mapping between the architectural 
components in the architectural space and the semantic knowledge is quite simple and 
straightforward. For English speaking individuals, a door component is mapped to the 
word “door” and stored in the linguistic system. Semantic information can be  
extracted from the dimensions of the objects and the geometric relations between 
objects in space. A rectangle with a width of 1.5 meters and a height of 2.3 meters 
could be a door. A door shall be enclosed by a wall and the wall shall be parallel with 
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the ceiling and floor. Relevant research with autonomous robots could shed light how 
semantic information could be extracted from geometric information [37]. 
 

 

Fig. 2. Semantic information extraction according to the geometric features of the scene objects 
by Nüchter’s team 

2.2 Metric Information from Architectural Space 

Relations with the Cognition Framework. The metric information indicates the 
geometrical properties of objects in space. This is in accordance with the first tenet. 
Because the metric information is critical in the integration of spatial knowledge and 
it’s acquired on the first exposure of a place (empirical support from Ishikawa [26]), 
the metric knowledge has to be a critical part in the construction of spatial knowledge 
in architectural space. 

Relations with the Architectural Space. The mapping between the architectural 
components and the  metric information is also quite straight forward. This informa-
tion is quite vague at first such as a “wide” door. However, it will be more precise 
after more exposure to the space and close to the actual dimensions of the architectur-
al component. This is in accordance with the second tenet that the metric knowledge 
becomes more accurate after more exposures to the environment. As to the extraction 
of geometric information from architectural space, there are various methods to be 
referenced in the field of 3D robot mapping. Some fast mapping algorithms are avail-
able to extract dimensions of objects in architectural space by 3D scanning [38-40]. 

2.3 Reference Frames from Architectural Space 

Relations with the Cognition Framework. Reference frames indicate the coordinate 
system of the perceived objects in the environment. This is in accordance with the 
third tenet, because it helps to integrate all the separate pieces of local information 
into spatial knowledge. Empirical findings support the existence of the reference 
frame when individuals construct their spatial knowledge [41]. Other research  
revealed that features such as the axis of symmetry, elongation, functional characteris-
tics, or the viewpoint of the observer might provide a basis to select and anchor a 
reference frame for a particular figure or scene to help to construct the spatial  
knowledge [6]. In architectural space, the geometry of the spatial context can have a 
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large effect on the preferred reference direction and thus on the preferred reference 
frame. For example, if observers have to learn a configuration of objects within a 
square room, they will have a much easier time retrieving the spatial directions of the 
objects when imagining themselves aligned with the room’s two main axes parallel to 
the walls than when imagining themselves aligned with the two diagonals of the room 
[42]. Therefore, reference frame serves as a fundamental part in the construction of 
spatial knowledge.  

Relations with the Architectural Space. The mapping of the reference frames to the 
architectural components requires more investigations. Though walls have been  
studied as to its role as the reference frames, the relations between reference frames 
and other architectural components such as windows, ramps and columns remain to be 
identified. Some of these relations potentially exist in common design guidelines for 
architects. For example, in architectural design, it is believed that an array of columns 
could lead to a strong sense of direction and it is expected that an array of columns is 
likely to be chosen as the reference frames in some cases. Though there are no existing 
algorithms to extract spatial reference frames from architectural space, the combination 
of extracting both semantic and geometric knowledge would help since the reference 
frames are chosen based on both types of information [43]. More experiments on how 
the common architectural components are interpreted as reference frames could shed 
light on a successful extraction of reference frames from architectural space. 

3 Conclusion 

Existing spatial representation models, human spatial cognition models and wayfinding 
models have limitations that follow from the assumptions underlying these models.  
 

 

Fig. 3. The mapping of common architectural components and the five tenets in the continuous 
framework with the proposed three types of architectural cues 
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As a response to these limitations and assumptions, it is concluded that a computation-
al spatial acquisition model is needed. For this purpose, a conceptual spatial knowledge 
acquisition model for architectural space is presented based on the continuous spatial 
cognition framework. Three types of local architectural cues are concluded to relate the 
architectural elements to the continuous spatial cognition framework. The proposed 
concept model will finally lead to a computational model which contributes to the field 
of spatial representation, human cognition and wayfinding. The overall structure of the 
presented cognition model can be seen in figure 3. 

4 Future Works 

In accordance with the continuous cognition framework, three types of architectural 
cues from the architectural space are concluded in this paper that constitute the essen-
tial information to be retrieved for the construction of individual’s spatial knowledge 
in architectural space. With all these relations quantitatively described, a computa-
tional spatial knowledge acquisition model is developed. From the mapping in figure 
3, some relations already have been investigated and some need to be identified in 
future works.  

What’s been done? The extraction of geometric information and semantic informa-
tion from the architectural space has been explored in indoor GIS and robotics  
research [37]. Furthermore, with a BIM model in hand, it wouldn’t be difficult to 
extract all the required geometric and semantic information.  

What remains to be done? As can be seen in the previous sections, in the spatial 
knowledge construction phase (the second phase in Figure 3), there are many qualita-
tive investigations but no quantitative models. For all the dotted lines in Figure 3,  
 

 

Fig. 4. Future works are highlighted for the construction of a computational spatial knowledge 
acquisition model 
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which represents connections between the continuous model and the extracted local 
architectural cues, the knowledge integration process has to be investigated first since 
it is needed to identify how local architectural cues construct the global knowledge of 
space. As individual differences are quite obvious in previous studies [26, 44],  
indivudual chrarcteristics need to be considered alongside with the knowledge  
integration process rather than considering “average people”. 

For the highlighted relations in Figure 4, three future research tasks are concluded 
as follows: 

• Extraction of reference frames from architectural elements: Examples of studies in 
the extraction of geometric and semantic information in architectural space are 
found in [37-40]. The extraction of the reference frames from architectural ele-
ments is crucial for understanding spatial knowledge construction.  

• Computational representation of knowledge integration process: Examples of em-
pirical studies on the roles of geometric, semantic and reference frames in the spa-
tial knowledge acquisition process are found in [6, 21, 41, 45-47]. Further studies 
on how to represent these relations quantitatively will lead to a computational 
model of spatial knowledge acquisition.  

• Consideration of individual differences in the retrieval of semantic information and 
reference frames: Though studies on the individual differences in the metric know-
ledge acquisition in urban context [26] and on the age differences in choosing the 
reference frames in outdoor spaces exist [44], more research is needed on the indi-
vidual differences in the context of architectural space. 
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