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ABSTRACT 
The Autism Spectrum Disorder (ASD) is one of the various ranges of mental issues around the world. 
It has a very complicated neurodevelopmental condition with long-term effects. Genetic is one cause 
and environmental elements, which yet are not clear and not been figured out entirely, contribute to 
ASD etiology. According to the "World Health Organization" report (Updated April 2017), 1 in 160 
children has an autism spectrum disorder around the world (Url-1). Interestingly, this disorder 
interacts with the built environment directly and indirectly in a way that ends up the emerging 
interdisciplinary discussion which links Neuroscience, Psychology and Architectural domain in a unit. 
So far, the built environment has been used as a tool to influence autism positively, which includes the 
use of the color, form and geometry, materials, and how building elements connect to one another. 
The present study accentuates the need for a distinct approach in architectural design with the focus 
on the cognitive mapping process and sought to evaluate the way which autistic individuals perceive 
the surroundings and consequently the cognitive map that they form to move around. The core of this 
study is a psychological theory named Weak Central Coherence (WCC) firstly proposed by Frith 
(1989). She predicted that autistic individuals were relatively good in tasks where attention was paid 
to local information but it was weak in works that needed to be performed globally (Frith & Happé, 
1994). Hence, the current study has been implemented to assess the autistic spatial cognition through 
two different environments with distinct architectural features, one local-oriented which composed of 
more architectural elements and in a sense, it represents a complex layout, and the other global-
oriented, which includes fewer details and fewer distractions in terms of architectural features. In this 
research, we asked the high-functional autistic students as participants to explore two different virtual 
designed buildings (Local-oriented and Global-oriented) freely and then configure the buildings' 
physical models as they perceived. After collecting data, the research utilized the space syntax tool 
(space syntax 2d) to analyse each participants' cognitive map and incorporate the evidence into the 
architectural design process for individuals with autism. The results met the WCC theory expectations 
and the details and architectural elements which usually are counted as landmarks or cue for typical 
individuals, does not work that way for autistic ones to form a better and more accurate cognitive map 
and instead, make them more focused on different details and consequently make a segregated 
cognitive map. 
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1. INTRODUCTION 
The autistic disorder was first described by Kanner (1943) in his report of 11 children with what 
showed up to him to be a new and unseen condition characterized by two fundamental highlights of 
autism; a lack of connection and motivation to involve in the social world and a group of behaviors he 
alluded to as “resistance to change” or “insistence on sameness” (Volkmar & Reichow, 2013). 
According to the latest update of the 5th version of the DSM (Diagnostic and Statistical Manual of 
Mental Disorders) published in October 2017, a few subclasses had been merged as one class of ASD; 
the set of three disabilities concerning social interaction, communicative behavior, and monotonous 
and limited behaviors which had been narrowed down into two main domains, keeping limited and 
monotonous behaviors but merging social and communicative challenges into one category (Volkmar 
& McPartland, 2014).  

During the last decade, the autistic individual population increased unexpectedly. Currently, autism 
can be recognized as an epidemic condition. According to the "World Health Organization (WHO)" 
report (updated in April 2017), it is estimated that worldwide, 1 in 160 children has an ASD (Url-1). 
In developing countries like Iran (our case in this study) there was not enough evidence considering 
the ASD prevalence since most of the researches have been conducted in the United States and 
Europe. According to the latest report, released in 2018, 1 child out of 150 born in Iran has Autism 
(Url-2).  

Autistic individuals are different in terms of intelligence and verbal skills which represent their 
cognitive style (Hill & Frith, 2003). There are Low-Functioning Autistic (LFA) individuals and High-
Functioning Autistic (HFA) ones. LFA status which represents 70% of autistic individuals classified 
in 70 or below IQ score category and often shows a low level of mental retardation (Brosnan, Scott, 
Fox, & Pye, 2004). In another hand, High-functioning autistic (HFA) individuals represent IQ score of 
higher than 70 and are more flexible to new condition than low-functioning ones (Ing, 2011). The 
current study assesses HFA individuals due to their higher IQ scores and subsequently their potential 
to learn and perform more efficiently during the experiment.  

In terms of cognitive style among autistic individuals, it is believed that they are biased towards local 
rather than global information processing, which suggested the term of "Weak Central Coherence" 
firstly proposed by Frith in 1989 (Happe, 1999). The local bias explains the impairment to integrate 
contextual elements and details into coherent wholes (Frith, 1989). Back in 1994, Frith and Happe, 
firstly proposed this theory with empirical evidence originated from the strong opinion that both the 
assets and the impairments of autism coming from a cause at the cognitive level. According to this 
theory, autistic individuals were relatively good at tasks where attention was paid to local information 
but it was weak in works that needed to be performed globally (Frith & Happé, 1994). Prior to Frith 
and Happe, Kanner's main description of autism (1943) highlights this attention to detail (Happé & 
Frith, 2006). So far, there are many inconsistencies in the findings. Some studies follows WCC (Weak 
Central Coherence) predictions (Frith & Happé 1994, Porter & Coltheart, 2006, Happe, ,1996, 1999, 
Mottron, Dawson, Soulières, Hubert, & Burack, 2006 , Frith, 1989, Mottron, Peretz, & Me ́nard, 
2000, Pellicano et al., 2011, Brosnan, Scott, Fox, & Pye, 2004), while some others believe that people 
with autism can process globally for meaning when explicitly required to do so, leading to the notion 
of a processing bias for local over global levels of information. Thus, they define WCC theory 
incomplete and suggested an alternative theory named EPF (Enhanced Perceptual Functioning) which 
indicates the preference of local perception rather than global processing and the intact global 
processing (Koldewyn, Jiang, Weigelt, & Kanwisher, 2013, Plaisted, Swettenham, & Rees, 1999, 
Wang, Mottron, Peng, Berthiaume, & Dawson, 2007, Mottron and Burack, 2001, Mottron, Burack, 
Iarocci, Belleville, & Enns, 2003, Mottron, Dawson, Soulieres, Hubert, and Burack 2006, Rondan and 
Deruelle, 2007, Happe & Frith, 2006, Bonnel et al., 2003, Ropar & Mitchell, 2001, Caron, Mottron, 
Berthiaume, & Dawson, 2006, Mottron, L; Peretz, I; Menard, 2000). Subsequently, several studies 
like (Edgin & Pennington, 2005, Burnette et al., 2005, Ing, 2011) completely deny the WCC and EPF 
theories.  

In this study, we tried to examine the notion of autism cognitive map while applying the predictions of 
WCC theory on two different architectural layouts to see whether they are reliable in the architectural 
domain or not.  
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COGNITIVE MAP AND NAVIGATION 
For each individual, there are different patterns for spatial activity which embeds in their cognitive 
map context. In accordance with Downs and Stea (1973) discussion, within the cognitive map 
domain, inter-group and individual differences come to the concern. They indicate that individuals' 
perspectives are originated from distinct factors including regular and repeated characteristics of the 
spatial environment, the common information processing pattern, and abilities among people and the 
similar sources, destinations and frequencies which are presented by spatial behavior pattern. 
Additionally, they indicate cognitive mapping process as a whole which contains some psychological 
steps that take by our brain to obtain information, code them by some strategies, save the results and 
later recall and decode information collected from a location and spatial environment (Downs & Stea, 
2005). In Downs and Stea (1973) word, an individual by using a cognitive map is able to form a 
proper strategy of spatial behavior. Moreover, they know the cognitive mapping process as a 
fundamental element in human coping behavior which is required for everyday environmental 
behavior. This coping process occurs when the individual can find the answer to two questions which 
are: where particular objects are, and how to get to where they are from where s/he is. Our everyday 
exploration around the city or even in our own home, no matter the place is new or we passed through 
before, all kind of journey, require some form of the cognitive map. The cognitive map is a basis for 
conducting any strategy of spatial behavior such as navigation. More specifically, spatial navigation is 
based on the knowledge of where an object is to be able to use it or avoid it. Individuals utilize their 
perceptions and cognitive schemata to navigate through an environment. In this navigational process, 
they collect data deriving from surrounding features and consequently form their mental image of the 
experienced environment. This mental representation is a cognitive map, a guide that a person utilizes 
to navigate (Ing, 2011). In the process of navigation and any spatial behavior, the human being 
requires two fundamental and important types of information: the locations and attributes of 
phenomena. Cognitive maps include the combination of both. The information concerning the 
location is actually the answer to the question, "where these phenomena are?" and leads to a 
subjective geometry of space which maintains two basic features, distance, and direction. Distance is a 
measurable element that individuals are so sensitive to it and have a very significant and necessary 
role in strategy selection for any spatial behavior. As a matter of fact, the direction has a determinative 
role in the geometry of space, although we are not so conscious of directional information in the 
surrounding. In order to obtain some locational information about phenomena, distance and direction 
are both necessary for the efficient process (Downs & Stea, 1973).  

HOW TO STUDY COGNITIVE MAPS?  
In order to analyse cognitive map, we can consider the content in the sense of the meaning that the 
map embodies as identified by the constructs that an individual perceives to be relevant to a particular 
domain and the way in which they relate those constructs, or, alternatively, their overall map structure 
(Clarkson & Kelly, 2006). Cognitive maps are formed as a variety of spatial outcomes. They can be 
depicted through verbal, sketching, estimation or modeling techniques (Lynch et al., 1992). The 
sketch map as a method for assessing the cognitive map was firstly proposed by Lynch (1960). The 
method includes a process of asking the individuals to draw their city map on a paper which clearly 
enriched by important information. But there is a limitation concerning this method due to the distinct 
drawing abilities of the individuals, the different perspective which they draw from, and the numerical 
factors such as the scale of the map (Lynch et al., 1992). Altogether, in our study, we figured out a 
new method to overcome these impairments; we used the modeling technique which is a better and 
easier method for autistic individuals to interact and response efficiently. More specifically, we asked 
the individuals to arrange and configure the intended environment as they explored before, hence their 
drawing ability or any other personal issues wouldn’t affect the outcome.   

SPATIAL RECOGNITION THEORY AND SPACE SYNTAX METHOD  
Cognitive science includes a wide range of disciplines in which the spatial cognition is one of them. 
Spatial cognition is a domain, trying to explain the way that human being and animals interact with 
the environment and the process of their perception of surroundings. The environment is composed of 
spatial characteristics of some objects or scene properties, like size, form and geometry and the 
relations among objects themselves, such as direction, distance, and orientation. As a high diversity 
field of study, spatial cognition covers a wide range of mental processes such as perception and 
attention. Moreover, due to the sharp overlap with many psychological processes, this domain plays 
an important role in different researches and have been approached by many scholars and applied 
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scientists (Weller & Nadel, 2013). Within the architectural domain, undoubtedly the spatial 
recognition theories have a special and crucial position. The space syntax theory is the one which is 
well-involved in this domain. It’s been a long time since architects utilized the space syntax tool to 
simulate the social effects of their projects (Dettlaff, 2014). Actually, the theory of space syntax 
indicates that the configurational pattern of the elements inside the environment is definitely effective 
in users' behavior within that space (Hillier, 1996). Since then, it has been developed as a tool to 
design which can reveal the effects of the space and how the buildings, districts and all the city 
operate (Dettlaff, 2014). Space syntax concerns the space configuration and the relations between the 
spatial elements in it. It deals with the layout and recognizes a plan consisting of "connected" spaces, 
directly or through some other spaces and analyse the "connection" which lead to quantitative 
measures of the layout (Haq & Luo, 2012).  

SPATIAL COGNITION IN AUTISM AND THE BUILT ENVIRONMENT  
For many years, architecture notices the needs of different people for the dwelling to fit perfectly and 
be able to use it in an efficient way. People with disabilities, mental problems and any other ones who 
live in different conditions. It is obvious that the built environment influences all its users directly and 
indirectly. Usually, within architectural discourses, particularly for special need users, we consider 
accessibility, but, in fact, this word has come to convey a mostly physical concept: accessibility is, 
therefore, a way to grant people with disabilities physical access to building or spaces, what, 
ultimately, allows them to inhabit those spaces. There are, however, many other impairments or 
disabilities that are not so "visible", and that is, usually, ignored in this task of making the 
environment accessible. In this sense, Smith (2009) states that in the design process of buildings (or 
streets, cities, and interiors) almost exclusively two paradigms come into play: that of the client and 
that of the architect. That is, it is these two agents' vision of reality, of how things -spaces, 
communications, spatial connections, ...- work and are perceived, what actually shapes the built 
environment around us. What is more, this is usually accomplished with the assumption that this 
environment is just a container or a mere scenario in which certain activities or functions are carried 
out, forgetting the active role it can -and does- play. On the contrary, for people with particular 
cognitive or sensory impairments -which are "less visible" as Smith puts it-, among which individuals 
with autism can be found, this assumption about how spaces will be perceived and dwelled in, is far 
from correct: due to their impairments, they are forced to make an effort, enormous at times, to get to 
grasp and understand the environment around them. When that struggle takes place, because of their 
difficulty in processing the information they receive through their senses, a number of elements -
music too loud in a supermarket or mall, or just the accumulation of placards, symbols or neon signs, - 
can become a barrier, somehow jamming the understanding of the environment, and, in turn, originate 
frustration and strange behavior (gestures, verbal utterances, weird movements). Hence, the 
surroundings, the built environment, has to be considered a significant issue that greatly effects - 
directly and indirectly- individuals with "less visible" impairments. If in a broad sense, constant 
reflection on the relationship between the individual and the space around him, is important for the 
architectural discipline, the particularization of this reflection in the inhabitant with autism can 
become a significative contribution, not only to the architectural field itself, but also to the 
understanding of the way people with autism confront spaces and environments, and, what is more 
important, to the achievement of a greater well-being for them, as well as to the social consideration 
of their needs and the difficulties they find in their daily life (Serra, 2015).  

In order to get more involved in the architectural domain, we may notice that approximately in all the 
design projects, it is considered that the more integrated a place is, the easier for the user to form their 
mental image of the surrounding and use the place more efficiently. The clear structure along with the 
simple layout would help the users to perceive the whole (Serra, 2015), and in the case of autistic 
users, it comes as a necessity. Autistic people present a distinct way of information perception and 
processing style which leads to a very special understanding of the surrounding environment. This 
study assesses this unique perception to enable architects to design inclusively.  

In accordance with Downs and Stea (1973) opinion, the information of surrounding is obtained from 
an “uncertain, changing and unpredictable source” and it’s been collected “via a series of imperfect 
sensory modalities”; but, when it comes to autism, this indication is arguable. Since autism is a kind 
of disorder which causes the individual to be so stressed about the unpredictable environment and not 
compatible with any change and modification, and also have some difficulties in sensory perception, 
the whole picture and what it has been called “comprehensive representation” is missed. Additionally, 
cognitive sources including a direct interaction between an individual and the environment, are 
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involved in a bunch of information importing from all his/her sensory modes. In this sense, autistic 
individuals with their sensory difficulties, are unable to clearly and perfectly form their spatial 
cognition, and consequently, these difficulties affect their spatial perception and their spatial behavior 
toward their surroundings.  

2. DATASETS AND METHODS 
This study developed and employed a number of tasks to perceive autistic spatial cognition in order to 
improve the architectural design strategies that will provide an environment where encourages 
exploration and easy navigation for autistic ones. This had been accomplished through the analysis of 
three tasks which we conducted during the experiment. The qualitative case study research served as 
the main methodology. The research group is composed of 6 pupils aged 10-11 years (all boys), 
learning in elementary grades of a special education school. The participants (n = 6) includes High-
Functioning Autistic (HFA) children. Before the individuals' involvement in the experiment, all of 
them were diagnosed by a clinical psychologist prior to school. Moreover, the experimenter talked 
with their teachers in order to evaluate the potentiality of the cases for the experiment regarding their 
psychological status. Children attended from ''Shokufeh", a central special educational school for 
autistic children located in YAZD-IRAN. The selection criteria were the clinical profile of 
participants which have to present them as HFA and the lack of physical disabilities which could 
make participants unable to conduct visual tasks and hand involved performances. For the experiment, 
we asked the participants to pass three phases and then considering their performances, we analyzed 
the data by Space Syntax tool. The basic syntactic values which we presented here are Integration, 
Mean-Depth, Connectivity, and Isovist Perimeter.  

METHODOLOGY 
Regarding the architectural domain, we applied a methodology which has been involved in a virtual 
environment. The restricted supplies and the limits such as the inappropriate built environment for the 
experiment and also the aim of enrichment the virtual reality investigational domain in autism 
research led this study to analyze spatial behavior in a virtual environment (VR) by children with 
ASD in two distinct spatial layouts. These layouts have been designed considering two defined 
perceptional patterns by Frith (1989) and some other architectural interventions for autistic individuals 
which already established by other researchers. One layout is local-oriented indoor space and the other 
is a global-oriented one. Prior to the experiment, we tried to determine if children with autism would 
tolerate VR equipment and respond to the computer-generated world in a meaningful way. To find 
out, initially, we gave the VR headset to students to see and use it as they want. Then gradually teach 
them how to use the glasses accurately. In order to be able to conduct the study in an efficient way, 
students have to wear glasses and get to know how it works and how to use them correctly. The 
willingness of the children to wear a bulky helmet was the initial major concern. To provide the 
greatest possibility of acceptance, the experimenter attended the school for 20 days and talk with the 
students personally, play with them and tried to build a trustful relationship; then, showed them the 
Headset which works with an iPhone and present a simple VR model (from "Maze Walk 2" iOS 
application) and asked them to try that, see the VR scene and wear the helmet as long as they want. 
Finally, all students respond positively and even some of them love the technology.  

The methodology consists of three phases. The “Training” phase, the “VR Exploration” phase and 
“Configurational Task”. The first one is "Training" phase (as mentioned above), which includes a 
short session to make participants familiar with the experiment equipment, explore the sample model 
(Maze Walk 2) freely and make themselves comfortable with the tools. Moreover, in order to make 
the participants familiar with the third phase (Configurational task), the experimenter showed them a 
simple building 3D model in order to familiarize the students with the differences between individual 
perspective and bird's view.  

The second phase starts once the training part has been passed successfully. After the period of 
familiarization with the technology and use of the HMD (Head-Mounted Display) for Virtual 
Environment (VE) exploration, the computer had been switched to the first VE model (local-oriented 
layout) and participants completed the free exploration. The instructions about the task given by the 
researcher were the same for all children. In free exploration task, the child was told to freely explore 
the environment, looking around the building as the experimenter navigates within (base on his 
command) until he thought he had seen it entirely. Since the individuals haven’t been trained well 
with hand involved tools, they couldn’t use the joystick by themselves to move around, so as the 
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solution the experimenter did the navigation part with the help of joystick as the participant asked for 
or sometimes they point to the direction. During the exploration phase, we allowed them to stop the 
experimenter from navigation whenever they ask for. There were no other interactions between the 
child and the experimenter during VR exploration task. No destination or treasure hunting kind of task 
has been defined for the participant, just asked them to look around and see the surroundings. This 
phase had been done via two different models but not at the same time. The other model, global-
oriented layout, have been presented after the Configurational Task for local-oriented one and then we 
had proceeded the same for this model as well. Its noteworthy to mention that to design those two 
layouts, although we applied several architectural features based on the WCC theory, we also 
considered others’ studies and experimental results to contain the accurate architectural elements in 
final virtual models in order to prevent any potential frustration from autistic individuals who are 
exploring the environment and make the VR scene comfortable as much as possible. 

Following the free exploration session, the third phase starts. For this phase, we already asked the 
participants in the second phase to explore the environment until they are sure they know the virtual 
model entirely. The experimenter gave 2 minutes to the participant as a break (as we discussed with 
the school specialist) and then asked him to configure the building elements in the physical model as 
he saw previously in the virtual environment. For this phase, the physical model of each element 
which was presented in the virtual environment are made and like a puzzle, the individuals should 
recognize the correct ones and put them in the right position. In this way, the sketching skill of the 
individuals is not involved and the final outcome will be clearer and more prone to analyze efficiently. 
The physical models consisted of fixed boundary walls and separate interior elements which will be 
out of the box (just wall surrounded plans of each model) and we made more elements than existed 
ones to evaluate the cases selectional behavior (Figure 1). For this phase, the individuals have time as 
they want until they hand out the models by themselves which means they are done. Their 
configurational performance, in the end, is saved as pictures of those arranged models, taken by the 
experimenter (Figure 2). The data obtained from this task is provided us with the participants' 
cognitive map and how they perceived the virtual environment which has been presented earlier. 

   
Figure 1: The Physical Models for Configurational Task 

 

Figure 2: Configurational Performance for Model 1 (Local-oriented - 
Left Picture) and Model 2 (Global-oriented – Right Picture) conducted by one of the students 

THE VIRTUAL ENVIRONMNETS’ DESCRIPTION: LOCAL-ORIENTED AND 
GLOBAL-ORIENTED MODELS  
There are two distinct building models. Both are different in plans; since each participant have to 
explore them and then configure the buildings' elements inside the physical models if they go through 
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the same model twice, it's not accurate and affects the results due to their spatial memory and the 
previous exploration experience. Hence, each model has to represent a new environment. It should be 
mention that the two models have the same metric area.  

There are three VEs; the first realistically reproduce a small scene in order to get familiar with the 
Virtual Environment, get comfortable with Headset and learn how to give a command to the 
experimenter for navigation (Training phase). This model had been designed on the basis of 
simplicity. No significant criteria had been considered for its design since it is just for trial.  

The second VE reproduce a building, designed to assess the local-oriented perception pattern. 
Architecturally, we used many details such as embedded flower boxes, half-height walls, different 
partitions, detailed openings and etc (Figure 3).  

The third VE is a distinct building which designed more globally, meaning the fewer details and 
architectural elements, simple and identical patterns with less distraction (Figure 3).  

 

Figure 3: (Left) Local-oriented model, (Right) Global-oriented model 

The important point in designing the models is a basic criterion which we considered and applied it. In 
both models, we avoid to use stimuli which may overwhelm cases, but as mentioned before, one of 
the models should contain details such as furniture or architectural elements, which can be accounted 
as stimuli. In order to use details and also don't stimulate students, we utilized hidden visual details. 
For example, there are 3 flower boxes which are embedded in the floor and they are at the same level 
of ground which is not exposed (Figure 4).  

 

Figure 4: Local-oriented model – Embedded Flower Boxes 

THE EXPERIMENT PHYSICAL LAYOUT AND SCHEDULE  
The experiment physical layout consisted of an environment with minimum distraction details inside. 
All the experiment’s phases have been conducted in a 6 square meter room located inside the 
“Shokufeh” school with a window (curtain covered) and a table aside with a chair. Although the study 
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was done in a room inside the school, we considered eliminating the extra items as possible to prevent 
any distractions. Schedules were used to explain which activities would occur and in what sequence 
they would occur to help the children anticipate and predict events and prevent any inconvenience 
situation for them. Considering that the experiment includes two phases, one VR exploration, and the 
configurational task, we provided two separate zones, both in the same room to help the students feel 
organized and more familiar and comfortable with the process ahead.  

RESEARCH TOOLS  
Prior to the examination phase, the researcher visited the school and talked with the cases to get know 
them and also, they allow her to be close. Afterward, observations were made of all students' 
performances during all three phases. The Virtual Reality parts were taken care of, by the researcher 
herself with the presence of the school’s psychological consultant. The 3D models were built using 
the “Sketch up 2018” and “Autodesk 3Ds Max 2017” software while the “Unity” (the Video Game 
Engine) was used to make the final model applicable for headset platform. For the last phase, the 
configuration task, we used two physical models of each VR environments. In order to play the scenes 
by the HDM, we used a "Microsoft Surface Pro 2" device and "Samsung Galaxy A5" cellphone. The 
HDM is “VR SHINECON” brand which works with a cellphone inside. To sync both devices for 
showing the models in VR mode, we get used of “TrinusVR" software, installed in both computer and 
cellphone. The VR models were run on the Android device and put it inside the headset. For the 
navigation part, a remote containing a joystick was used as a control tool. 

3. RESULTS 
Generally, in this experiment, the extracted data from the last phase, the configurational task, are 
assessed in terms of their accuracy comparing to the original buildings' model. Based on WCC theory, 
we should be expected that participants do not form a perfect model of the local-oriented building due 
to their severe focus on details and subsequently missing the complete layout; but in contrast, they 
will perform better at configuring the global-oriented physical model. The other probability is that 
they form the detail-oriented model's map efficiently rather than the global one, which it means the 
details act as clues to remind the place and form the cognitive map accurately.  

In the end, we have a set of data from the last phase of the experiment which is the pictures of 
configurational performances that represent the participants’ cognitive map (Figure 1). We converted 
all the pictures to AutoCAD files and draw the layouts same as the cases' configuration (Figure 5). we 
assigned a name to each of the objects and specified their spatial features such as displacement area 
and rotational degree (difference from the accurate position relatively). Additionally, we noticed the 
selectional behavior of each case in the configurational task.  

 

Figure 5: one of the students' Configurational performance converted to AutoCAD file 

 

 

Extra element 
 (does not exist in VR model) 
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SELECTIONAL BEHAVIOR  
Basically, the importance of spatial memory is deniable. The different memory and spatial ability 
among people are a subject that is beyond the scope of this study, but here, we could measure the 
cases’ spatial memory by their selectional behavior through their configurational performance. 

In order to be able to compare students’ performance between the two models, we calculated the ratio 
of all accurate objects which they used. The ratio is calculated by dividing all objects that cases used 
to the whole available selections (in local-oriented model there are 8 objects, so the possible selection 
for 6 cases is (6*8=48) plus 5 extra objects (6*5=30) and in global-oriented model there are 6 objects 
so the possible selection for 6 cases is (6*6=36) plus 5 extra objects (6*5=30) based on VR 
environment). As Figure 6 shows, the participants had more accurate selectional behavior in the local-
oriented model. 

 
 

Figure 6: The comparison between the students’ accurate objects selection in both 
models 

DIRECTIONAL PERCEPTION 
The direction is one of the main contents of the spatial features. The sense of orientation is the 
significant factor in spatial perception process. In the following, we have data extracted from the 
displacement position of each object, which led us to the locational perception and directional 
perception of the participants. It should be mentioned that one object from the local-oriented model 
and one object from the global-oriented model have been removed from the following measurements 
since their circular geometry made us unable to measure their directional degree, so we ignored them 
for the rest. Through this phase of the study, we measured the exact degree of objects which were 
used by participants to configure models and compared them to the original direction of the same 
objects in the VR models. For the measurement, we defined a threshold to interpret the individuals’ 
directional perception as intact or impaired. We specified 30 degrees as the critical degree, meaning 
that the misorientation lesser than 30 degrees is not recognized as the indicator for impaired 
directional perception, since the difference from the original orientation is slight, and the objects 
which are misoriented more than 30 degrees from their original orientation, will represent an 
impairment regarding the individuals’ directional perception.  

Based on Figure 7, cases embedded 33% of the overall used objects in a position that twisted below 
30 degrees from their original direction of the local-oriented model. In the global-oriented model, 
cases put 41% of the overall used objects in a position that twisted below 30 degrees from their 
original direction. 

 

 

 

 

 

 

Accurate Selection Ratio 

Model 1 41/78=0.52 

Model 2 31/66=0.47 
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Figure 7: The students’ Directional performance in both models 

Base on the results -discussed above- generally participants performed more accurate in the global-
oriented model according to the orientations of the objects they used in provided physical models.  

LOCATIONAL PERCEPTION  
Location is another part of spatial characteristics. As a person moves, the locational perception is 
changing and the spatial perception is affected. Through this phase of the study, we measured the 
included area of each object’s accurate position and its configured position, minus the objects’ own 
area. Actually, displacement area had been measured by a method provided by the experimenter 
which is a grid with the cell size of the least length of the models’ plan and juxtaposed them on each 
configured model. Then, we calculated the area contained each object’s accurate position (based on 
the VR model) and its new location positioned by the case (as they perceived and remember), minus 
the objects’ own area (Figure 8). 

 

Figure 8: An example for calculation process of Displacement Location for each object in Configurational Task 

In order to be able to compare two models in terms of the displacement area, we provided a 
calculation to enable the comparison in spite of different objects of two models of different sizes. 
These calculation steps are as follow:  

Model 1 Objects Ratio 
Below 30 Degree 12/36=0.33 
Above 30 Degree 24/36=0.67 

Model 1 Objects Ratio 
Below 30 Degree 11/27=0.41 
Above 30 Degree 16/27=0.59 

10



 Proceedings of the 12th Space Syntax Symposium 

1)  Calculate the average of all objects’ Displacement area which a single student used = X  

2)  Calculate the average of all objects’ area which a single student used = Y  

3)  Calculate the Ratio for each student: Ratio = X/Y 

4)  Calculate the SUM of all students’ Ratio for each model and then compare them  

Exp: (local-oriented model: Ratio of student-A + Ratio of student-B + Ratio of student-C + ...)  

The final result (Figure 9) indicates that participants made more mistakes in terms of location for the 
configurational task in the local-oriented model.  

 

Figure 9: The Ratio of Displacement area of Objects which students used in both models. 

SPACE SYNTAX ANALYSIS  
One of the main evaluation tools in this study is Space Syntax. We utilized "space syntax 2D" 
program to extract the syntactic data of case studies' performance in the experiment. The key values 
measured by this tool are Integration, Mean Depth, Connectivity, and Isovist Perimeter. The 
integration value benefits the research mathematically, regarding the spatial interaction and the existed 
connections between elements. For this analysis, firstly we calculated the average integration of each 
cases' configured models, then we compared the cases performance in both models and as Figure 10 
confirms, students configured more integrated plan in the global-oriented model. It is logical for sure 
since this model is simpler and contains fewer objects inside.  

Another syntactic value to assess was the mean depth. The main interest in space syntax has not been 
in creating axial lines or maps, but in examining and interpreting relationships between lines that 
cover such map. Space syntax measures distance between spaces topologically, this topological 
distance is called depth (Abdelraheem, 2010). In this study, we measured mean depth value for each 
configured model and then compared two models relatively.  Generally, based on Figure 10, the 
students configured the local-oriented model with higher mean depth value than global-oriented one. 
Again, it makes sense since the local-oriented model is the more complex model which includes more 
objects than the global-oriented one. 

In order to cover all the spatial relations, we considered the Connectivity as a crucial measure in the 
space syntax tool, which is based on the longest and fewest lines of sight with potential for movement 
(known as axial lines) (Dara-Abrams, Holscher, Conroy-Dalton, & Turner, 2010). We calculated the 
connectivity for each configured model and then compared two models relatively. According to 
Figure 10, the configured model of the global-oriented environment by students implies more 
connected plan than the local-oriented one. Moreover, the visual pattern of the individuals’ configured 
models was worthy to be evaluated. We considered the isovist, or viewshed, which is the area in a 
spatial environment directly visible from a location within the space. The appeal of the concept is that 
isovists are an intuitively attractive way of thinking about a spatial environment because they provide 
a description of the space `from inside', from the individuals' point of view, as they perceive it, 
interact with it, and move through it. As such, isovists have particular relevance to architectural 
analysis (Turner, Doxa, O'Sullivan, & Penn, 2001). Accordingly, we utilized the average isovist 
perimeter values of all the objects used by each case in their configured models to evaluate their 
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overall performance in each model. As the result indicates (Figure 10), the participants configured the 
local-oriented model with higher Isovist Perimeter than the global-oriented one. This is a significant 
performance since the local-oriented model is more complex with more objects inside than the other. 
So basically, the Isovist Perimeter should be lower than the global-oriented model.  

 

 

Figure 10: The syntactic analysis of each configured models 

4. CONCLUSION 
In this study, we considered High functional autistic individuals as the case studies, who represent just 
30% of the autistic population (Brosnan, Scott, Fox, & Pye, 2004). For sure some may criticize that 
the majority of autistic individuals are low functional ones, so logically researchers should focus more 
on them. Undoubtedly, it is a noticeable point and we are aware of that, but as a first step for doing a 
research in this domain, we preferred to get know them first and have a chance to evaluate their spatial 
perception and then it may be more efficient to do further research on low functional ones for further 
studies. 

Basically, the main idea for this study came from the “Weak Central Coherence” theory (WCC) 
proposed by Frith & Happe in 1994. According to this theory, autistic individuals are relatively good 
at tasks where attention is paid to local information but it is weak in works that needed to be 
performed globally (Frith & Happé, 1994). In another word, autistic individuals are more focused on 
details in the surrounding environment and subsequently, in a spatial context, the details existed in the 
space will attract their attention and they will miss the bigger picture of that very space. Since 1994, 
the WCC theory is under debate; some found enough pieces of evidence to confirm the theory and 
some others did not. In the architectural domain, there is no specific research that refers to this theory. 
There are some studies which emphasize on the low-stimuli environment for autistic individuals 
which contains all environmental features including, noise, smell, light, objects around and the 
features of the building, but a few assesses the basic spatial perception of autistic ones in architectural 
domain. In this study, we tried to reveal their cognitive map and how they perceived different 
environment base on WCC theory. The two models, local-oriented and global-oriented are the main 
part of this investigation. The aim was to evaluate the case studies' performance in tasks and compare 
their spatial perception based on their cognitive map.  

In terms of directional and locational perception, cases did better in the global-oriented model. 
Although based on our recordings, during the VR exploration they spent less time there, they did quite 
well in the configurational task and formed a more integrated and connected plan based on their 
cognitive map with fewer displacement mistakes in terms of Direction and Location. This is exactly 
the result that we expected base on the WCC theory.  
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Furthermore, we should mention that in the local-oriented model, students selected more accurate 
objects to form their model, which may indicate that they remembered the local-oriented layout better 
but just the existed objects (better selectional behavior), not their location and direction. So, it proves 
that autistic individuals focused on spatial details separately but not relatively.  

In accordance with syntactic analysis, we found the higher value of connectivity and integration with 
lower mean depth and Isovist perimeter for the global-oriented model which had been configured by 
students. These results indicate that they perceived the global-oriented model as a more integrated and 
connected layout.  

Generally, we may conclude that the predictability is an important factor in the explorational tendency 
for autistic individuals but it will not guarantee a better spatial perception. So, based on our hypothesis, 
the students formed an inappropriate and incomplete cognitive map for local-oriented model, 
confirming that the signs and architectural elements which usually are counted as landmarks or cue for 
individuals, does not work in the same way for autistic individuals to form a better and more accurate 
cognitive map and instead, make them more focused on different details and consequently form a 
more segregated cognitive map.  
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