
 Proceedings of the 12th Space Syntax Symposium 

82 

NEW PERSPECTIVE ON URBAN FORM WITH THE 

INTEGRATION OF SPACE SYNTAX AND NEW URBAN DATA: 

An exploratory analysis in Xi’an, China 
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ABSTRACT 

The research on urban form and its related socio-economic activities have been undertaken for long, 

while the evolution of research approaches and tools are limited by the conventional medium such as 

maps to interpret the built environment. Emerging new urban data has equipped urban morphologists 

with innovative datasets for urban form studies. This paper aims to explore the relationship between 

urban form, and human movement flows through a new perspective, which integrates quantitative data 

generated from space syntax with new urban data in GIS using Multi-Criteria Decision Analysis 

(MCDA). Xi’an, as one of the most renowned historic cities in China, is selected as the case since the 

city has undergone an unprecedented transformation of urban form in recent years. In this study, the 

space syntax model of Xi’an is built primarily based on the OpenStreetMap (OSM) with further 

refinement by the Baidu Map. The Point of Interest (POI) data acquired from the Baidu Map API serves 

as the main datasets for the criterion of MCDA. The social data of human movement flow is gathered 

by the gate observation in three representative areas in Xi’an. The correlation analysis with observation 

data is employed to compare the result of original space syntax analysis and MCDA. The findings 

suggest that the new perspective can facilitate the quantifying process and enhance the comprehensive 

understanding of urban form. Based on the research, recommendations for further studies and urban 

planning of Xi’an are discussed. 

KEYWORDS 

Space Syntax, Open data, Multi-Criteria Decision Analysis (MCDA), Pedestrian Movement Pattern, 

China  

1 Chen Yang, School of Planning, University of Waterloo, Waterloo, ON N2L 3G1, Canada  c273yang@uwaterloo.ca 
2 Zhu Qian, School of Planning, University of Waterloo, Waterloo, ON N2L 3G1, Canada  z3qian@uwaterloo.ca 

1



 Proceedings of the 12th Space Syntax Symposium 
 

1. INTRODUCTION  

In the last decades, the Chinese cities have undergone drastic changes in the context of the urbanization 

and planning for growth (F. Wu, 2015). More than 700 million people now live in the urban area, and 

approximately 30 million immigrate to the city every year (Bai, Shi, & Liu, 2014). Accordingly, the 

urban form of Chinese cities is severely affected. Since the birth of space syntax, the theory has been 

applied to unravel the relationship between space and society by analyzing the configuration of the built 

environment and human movement (Bill Hillier & Hanson, 1984). Over the years, the analytical 

methods evolved from the original axial analysis (Turner, Penn, & Hillier, 2005) to angular segment 

analysis (Turner, 2007) and then to the normalized angular choice (NACH) (Bill Hillier, Yang, & 

Turner, 2012). The approach is widely used in spatial analysis with both building and city scale, and 

the indicators like integration, choice, intelligibility, and intervisibility (Hillier et al., 1993; Hillier & 

Iida, 2005; Hillier, 2012) are the primary medium for the evaluation of the space.  

 

Based on years of research, Hillier (2016) proposed a conceptual structure of the real city: the generic 

city. The idea the city is made up of a dual system wherein a “foreground network” is represented by 

long lines which can be abstracted as axial lines (Turner, 2007); while the “background network” is 

consisted of numerous short lines emphasizing local interactions. This configurational difference is 

closely correlated with the social networks in the context of movement economies (Hillier, 1997) where 

“natural movement” is identified as spontaneous actions unaffected by attractors or magnets. By 

analyzing the natural movement (Hillier & Iida, 2005), the dual system of specific cities can be inferred 

and examined. Building on the theory, a strand of literature concentrates on explaining and predicting 

human movement through the lens of Space Syntax. Lerman, Rofè and Omer (2014) utilize the space 

syntax to simulating the pedestrian movement in preparing transportation master plan for the city of Bat 

Yam, Israel. Law, Sakr, and Martinez (2014) analyze the relationship between spatial configuration and 

one specific human movement, cyclist movement, through statistical regression model in London. Liu, 

Xiao, Zhang, Wu, and Zhang (2018) focus on the movement pattern of tourists in the case of Mt. 

Sanqingshan by combining space syntax with kernel density analysis to facilitate a thorough 

understanding of tourists’ preference and choices influenced by the spatial hierarchy. Moreover, 

Mohamed (2016) expand the movement patterns research into informal settlements context, aiming to 

reveal the social differences behind the spatial patterns by comparing two distinct urban areas.  

 

Notwithstanding the recent accomplishments in analyzing the human movement in the field of space 

syntax, limitations still exist. The underlying assumption in the realm of space syntax is that the shape 

of space and movement is not independent in the city (Hillier, 1997) and the natural movement is 

determined mainly by the physical form of the urban structure. The notion, in the pursuit of theoretical 

purity, has neglected the influence of functional magnet such as commercial sites as well as tourist 

attractions. Monokrousou and Giannopoulou (2016) indicate that in some cases the correlation between 

integration value and pedestrian movement is not reliable since the study areas incorporate significant 

function such as commercial use, catering services, and other attractive land use. In addition, Mansouri 

and Ujang (2017) discover that the tourists’ movement is more subject to the attractors than the physical 

configuration of the urban network, and the mixed land use design can facilitate the vitality of the 

historical street by increasing the density of movement flow. As such, it is essential to introduce a 

method to quantify the impact of such attractors in the network analysis process of the space syntax. In 

this paper, we propose a new research method to explore the human movement with consideration of 

the combined impacts of both spatial configuration and spatial attractors.  

 

The following paper consists of three main parts. In the datasets and methods section, we examine the 

proposition of emerging open data and data driven-design in the urban planning field, followed by a 

brief introduction of our research case, the City of Xi’an. Subsequently, we discuss the research 

methodology with regards to the data collection and analysis methods. In the results section, we 

demonstrate our empirical analysis and investigate the correlation analysis between the observed human 

movement density and the outcomes resulting from the conventional space syntax analysis and the 

proposed MCDA analysis. The results of correlation analysis will be interpreted respectively. The 

conclusion section summarizes the research findings and the limitations of the research, as well as 

providing a recommendation for prospective researches. 
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2. DATASETS AND METHODS  

Emerging open data 

 

From the advent of space syntax, the urban network model has been constructed based on traditional 

datasets such as maps and plans. Notwithstanding the research on urban form and socio-economic 

activities related to it have been undertaken for long, the evolution of the research approaches and 

research tools are limited by the medium to read the built environment – maps. However, in the past 

decade, the trend of Web 2.0 is leading the paradigm shift regarding the data generation and data 

collection. The OpenStreetMap (OSM) emerged in this context and soon became one of the most 

successful Volunteered Geographic Information (VGI) projects (Fan, Zipf, Fu, & Neis, 2014). 

Compared to the traditional map dataset, the crowd-sourcing can provide a mass of spatio-temporal data 

through various sources, including social media, the point of interest, and location-based services. These 

datasets provide urban researchers with information about their key research interests: the physical 

pattern of the urban fabric and the socio-economic activities pattern in the city. Furthermore, the 

crowdsourced data is an important complement to the conventional datasets generated from the top-

down system and offers a new lens to understand the city organism.  

 

Moreover, the development of space syntax plugin for QGIS platform (Gil, Varoudis, Karimi, & Penn, 

2015) has created a new work environment for urban researchers to embrace the emerging data 

environment freely. With the advancement of information and communication of technologies (ICT), 

the ever-growing datasets of diverse forms are leading the emergence of theories and empirical works 

on cities, including the understanding the city’s urban form (Batty, 2012). In recent years, researchers 

have used various crowdsourced data to interpret the physical fabric of the city: Liu and Long (2016) 

develop a method to identify parcels’ boundary and their characteristics automatically by using 

OpenStreetMap (OSM) and point of interest (POI) data. Crooks et al. (2016) focus on how the user-

generated ‘big data’ can be harvested to contribute to the study of urban morphology. Liu et al. (2015) 

address the challenges in applying open datasets in understanding urban China and establish a 

crowdsourcing platform for gathering, storing and sharing open data of urban China. 

 

While bringing numerous potential research opportunities, the crowdsourcing data faces challenges in 

terms of quality. Feick and Roche (2013) identity that the absence of incentives, professional standards, 

and suitable evaluation methods in the context of VGI is the main reason for the discrepancy of data 

quality. Recent studies have started to assess the quality of these crowdsourced data in contrast to the 

authoritative datasets. Fan et al. (2014) carried out a quality assessment to OpenStreetMap specifically 

on the building footprints data by comparing with ATKIS (German Authority Topographic-Cartographic 

Information System). The findings suggest that the building footprints data is mostly accurate regarding 

coverage while the attributes of the footprints data are lacking, and some buildings are missing. 

However, in general, the crowdsourced datasets are becoming comparable to the traditional datasets, 

thereby is credible to be applied in urban researches.  

 

The raw data acquired from the OSM of Xi’an serves as the primary reference for the network model 

building in our research. Considering the OSM is not widely accepted in the Chinese context, we also 

refer to the Baidu Map (equivalent to Google Map in China) in drawing the axial map as well as the 

segment map. After checking the geometry and topology issues of the axial map (Gil et al., 2015), the 

map was converted to the segment map with 2175 segments in total. The longest segment is 1420 meters, 

and the mean length is 201 meters. In addition to the map data, the points of interest (POI) data is an 

innovative resource to bring in socio-economic factors to our research as a measurement of the attractors 

that affecting the human movement. A total number of 15,264 geotagged POIs were attained from 

BaiduMap API. We manually checked the randomly sampled POI data points to gauge and ensure the 

overall data quality.  

 

The research case and gate observation 

 

Xi’an (Western Peace), the capital city of Shaanxi province, is located on the Guanzhong Plain and 

surrounded by eight rivers and streams in northwestern China. The affluent supply of water provides 

ideal conditions for the emergence of human settlement. The city of Xi’an is also home to a number of 

famous ancient capitals dating back to 11th century BC, including Fengjing and Gaojing (West Zhou 

dynasty), Xianyang (Qian dynasty), Changan (Western Han, Sui and Tang dynasties). With the historical 

legacy, Xi’an retains the main characteristics of the urban grid network which is highly consistent with 
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the urban planning philosophy for ideal capitals that was first appeared in “Kaogongji” in “Zhou’s Book 

of Rites” in the Warring States (475-221 B.C.) (Wu, 1986).  

 

Due to the rapid pace of globalization and marketization after China’s reform and open-up policy in 

1978, China’s large cities, especially the capital cities, started the growth-oriented urbanization process 

driven by the central government as well as economic boom. Three master plan directs the urban 

development of Xi’an to an international megacity with a population of 8.8 million (Xi’an Statistical 

Yearbook, 2017) after the birth of People’s Republic of China (PRC) in 1949. The current urban 

structure of Xi’an is outlined by three ring roads, with the old City Wall as the edge of the inner ring, 

the outer ring as the boundary between urban and suburban areas, and the intermediate ring as the 

transition (Li & Zhang, 2012). We deliberately select the areas bounded by the 2nd ring road as the object 

of our research on account that the historic sites such as the Ming City Wall, the Bell Tower, the Drum 

Tower, the Forest of Stelae, and the Islamism Mosque are included, and the urban network of this area 

could reflect, to a certain extent, the historical tradition of ancient Chinese cities.  

 

We conduct gate observation (Grajewski & Vaughan, 2001) in the three selected areas to measure the 

human movement density, including the Jiefanglu commercial district, the Shuyuanmen historic district, 

and the Beiyuanmen Muslim district. The gate count observation method is developed by the UCL 

Space Syntax Laboratory for urban researchers to collect the data of collective activities without 

considering the intentions of individuals in the built environment. As shown in Figure 1, Jiefanglu 

commercial district is adjacent to Xi’an railway station, and the Jiefang Road is the city’s arterial road 

that connects to the transportation hub. The high volume of passengers contributes to the area’s vitality 

which gives birth to a commercial-oriented neighbourhood. Nowadays, the district is home to serval 

commercial complex and a famous commercial node of the city. Beiyuanmen and Shuyuanmen districts 

are both designated historic neighbourhood by the City (Qian & Li, 2017; Zhai & Ng, 2013). The 

Beiyuanmen, also known as Huiminjie (Muslim Quarter), is located in the center of Xi’an’s city core 

and close to the Bell Tower and the Drum Tower. Historically as Muslim residential quarters, the site is 

now the most famous tourist attraction in Xi’an with its unique cultural activities and traditional food. 

The Shuyuanmen district is by the side of Xi’an’s Ming City Wall and the South Gate. With a history 

of cultural and scholarly prosperity, the district is home to many historical sites such as the Guanzhong 

Academy, the Hua Pagoda, and the Stele Forest. The increasing heritage tourism has brought a large 

population to the district, which contributes significantly to the local movement density.  

 

 

 

Figure 1 The spatial distribution of the three study areas  
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After a first round preliminary field survey, we deliberately set 8 gates (see Figure 2) for each of the 

selected areas for the purpose of covering the bulk of streets. The number of pedestrians who passed 

through the imaginary line in a period of 5 minutes was recorded to the designed form. The observer 

takes turns counting the pedestrians at the 8 locations in three different periods (11:00-12:00, 15:00-

16:00, and 18:00-19:00) on weekdays. 

MCDA  

 

The MCDA in our research specifically refers to GIS-based MCDA approaches that emerged in the 

early 1990s by integrating the GIS and multicriteria decision analysis (Malczewski, 2006). The primary 

steps of MCDA include the following: 1) identifying the problem; 2) listing the criteria (factors); 3) 

normalization of the factors; 4) determining and assigning the weight; 5) aggregating the criteria; 6) 

verifying the results. The MCDA has been successfully implemented in supporting spatial decision-

making process for various projects with the ability to evaluate different alternatives that of 

incommensurate and incompatible criterions (Dragićević, Lai, & Balram, 2015; Rikalovic, Cosic, & 

Lazarevic, 2014; Sánchez-Lozano, Teruel-Solano, Soto-Elvira, & Socorro García-Cascales, 2013). 

There are three fundamental elements of MCDA, including decision makers, criteria, and decision 

alternatives (Malczewski & Rinner, 2015). The decision maker, who is responsible for decision making 

in the procedures, can be individuals, groups, and even agents (Parker, Manson, Janssen, Hoffmann, & 

Deadman, 2003). The criteria in MCDA is often associated with objectives, attributes, and factors, 

which together constitutes a hierarch hierarchical structure. Saaty (1987) proposed the Analytic 

Hierarchy Process (AHP) method and the pairwise comparison method to compare as well as assigning 

weights to different criteria and factors. The method has been proven to be the most popular approaches 

in GIS-MCDA studies (Malczewski, 2006). The decision alternatives are defined as other options for 

decision makers and are either raster or vector data depending on the GIS data models (Malczewski, 

1999).  

In our research, we played the role of the decision maker with the intention to identify the street segment 

with the highest human movement density. The criteria of our analysis are built on the classification of 

the POI data gathered from Baidu map API. After the data cleaning and filtering of the raw data, there 

are 10,888 POIs in total. We reclassify the POIs into four relevant categories, including commercial 

sites (3,125), transportation facilities (406), catering services (6,701), and tourist attractions (656). The 

primary criterion of our analysis is the normalized angular choice (NACH) value generated by the space 

syntax analysis, with the consideration that the high NACH could represent high through movement 

potential of a space. The number of POI points within a certain distance (walking distance of 400m) of 

a street segment serves as another crucial criterion influencing the decision, which helps to quantify the 

attractors that impact the human movement density in the built environment. The POI points were joined 

to the street segment in QGIS according to the above principles. Figure 3 shows the framework of the 

analysis’s criteria that is established with reference to the POI classification.  

Figure 2 The network boundary and location of gates of the three districts 
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In addition to the three basic elements of the MCDA, the concepts of value scaling, criteria weighting, 

and combination rules are the primary quantitative tools for the research (Malczewski & Rinner, 2015).  

The value scaling or standardization facilitate the transformation of raw data into comparable units for 

subsequent combination process. The global value function was applied in our research with the 

consideration of the spatial homogeneity of the research case. The aforementioned pairwise comparison 

was selected as the weighting method of the research. In general, the method assumes that decision 

maker could pairwise compare every two of the n independent alternatives (A1, A2, A3, …, An) 

according to the Saaty Scale (Saaty, 1989) that rating with values from 1 to 9 (see Table 1). 

 

Table 1 The preference rating of Saaty Scale  

The description of the importance between two alternatives Ratings 

Equal importance 1 

Moderate importance 3 

Strong importance 5 

Very Strong importance 7 

Extreme importance 9 

Intermediate value 2,4,6,8 

 

The results can be represented as a reciprocal matrix A = [aij] nxn; aij is the rating results of comparison 

between alternatives Ai and Aj. Table 2 shows the weighting results that are calculated through the 

pairwise comparison based on our understanding and interpretation of the distinct alternatives as well 

as factors. Regarding the combination rules, the Weighted Linear Combination (WLC) was selected to 

conduct the summation of the weights of the criteria, and the function is as follows: 

 

V (𝐴𝑖) =  ∑ 𝑤𝑖𝑎𝑖  

 

where V (𝐴𝑖) is the total value of the ith alternative; the 𝑤𝑖  is the weights of the ith factor; the 𝑎𝑖  is the 

value of the ith factor (refer to Malczewski & Rinner, 2015, pp. 81–82).  
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Figure 3 The hierarchy of criteria and factors 
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Table 2 The weights of criteria and factors 

Criteria Weight (%) Factor Weight of factor (%) 

Choice 49.4 NACH 49.4 

Commercial 9 Shopping mall 3.86 

  Supermarket 3.86 

  Convenient store 1.29 

Transportation 11.9 Bus station 8.93 

  Subway station 2.98 

Catering Service 22.3 Restaurant 6.29 

  Fast-food 12.8 

  Coffee and dessert 2.05 

  Bakery shop 1.16 

Tourist Attractions 7.4 Historic site 4.71 

  Museum 1.91 

  Attractions 0.78 

 

Research questions and analytical framework 

 

With the growing volume of open urban data that been made available to researchers, the methods of 

urban studies have evolved simultaneously. The idea to use Geographic Information Systems (GIS) to 

undertake the quantitative analysis of urban form has been proposed for long (Moudon, 1997), and 

integration of space syntax into GIS has also been explored (Jiang & Claramunt, 2002). This paper aims 

to respond to the following two research questions: 

 

1) How can emerging open data facilitate space syntax analysis? 

2) How to integrate MCDA with Space Syntax analysis and can the integrated method facilitate 

the understanding of urban form? 

 

We hereby propose the following analytical framework (Figure 4) to address the issues. The research 

adopted a mixed method based on the theory of explanatory sequential model (Creswell, 2014), which 

consists of three primary phases. In the first phase, we initially collected the data of pedestrian flow 

density in the selected areas through the “gate count” observation developed by the UCL Space Syntax 

Laboratory. Meanwhile, we built the model of Xi’an (bounded by second ring road) in QGIS platform 

and calculated the parameters of the model using the space syntax toolkit. Subsequently, a correlation 

analysis was carried out to explore the relationship between the observation results with the normalized 

angular Choice (NACH) value (Hillier et al., 2012) of the same segments. In the second phase, we first 

gathered point of interest from Baidu Map API and classified the points into four categories according 

to the analytic hierarchy process (AHP) which can be weighted in conjunction with the NACH value as 

criterions in the multi-criteria decision analysis (MCDA). Then, we performed the MCDA in QGIS 

platform to calculate the value of each segment regarding their ability to attract people and generating 

a high volume of pedestrian flows. Another correlation analysis between the observation data and the 

results from the MCDA was done after the previous step. Finally, we compared the results from the 

correlation analysis of the two phases, and a qualitative interpretation of the findings was concluded. 

Figure 4 The proposed analytical framework of the research 
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3. RESULTS  

The analysis result of space syntax and MCDA presents a different structural configuration in terms of 

representing human movement pattern. We use the classic colour symbology of the QGIS Space Syntax 

plugin to visualize the network of both global scale (Xi’an within second ring road) and local scale 

(three distinct districts). 

 

The general urban structure of Xi’an  

 

Before delving into the three districts, we first examine the general structure of Xi’an from different 

perspectives including the density visualization of the POIs, the conventional space syntax analysis, and 

the proposed MCDA method.  

 

The kernel density estimation has been proven to be an effective way to visualize and express the 

distribution pattern of spatial features compared to Quadrat analysis and Voronoi-based analysis since 

it considers decay impacts defined by Tobler’s first law of geography (Yu & Ai, 2015). To examine the 

spatial structure of Xi’an based on the POIs, the kernel density analysis was performed in the ArcGIS 

platform, and the results are presented in Figure 5. The cell size of the function is set to 10 meters and 

the serach_Radius is set to 600 meters. As shown in Figure 5, there are three notable spatial patterns 

displayed: 1) the diffusion with no significant cores; 2) dispersed clusters; and 3) linear pattern. The 

deep colour in the graphs represents the high potential density of the specified factors, indicating the 

core of the city. Based on the three classifications of the spatial pattern, these estimation graphs are 

further interpreted.  

 

The only linear pattern is seen in the graph of the subway station. The linear pattern coincides with the 

existing metro lines of Xi’an: the vertical line in the middle represents Line 2, the vertical line in the 

right represents the Line 3, and the horizontal line represents the Line 1. The dispersed clustered pattern 

is demonstrated in graphs including the attractions, the historic site, the museum, the bakery shop, the 

coffee and dessert shop, as well as the shopping mall. The distribution pattern signifies that these factors 

tend to congregate in spatial cores of the city with the relatively small amounts of the POIs. As 

mentioned, the POIs of historic sites, museums and attractions belong to the criteria of tourist attractions, 

and they share a similar pattern due to their similarity in function. Take the graph of the historic site, for 

example, the large cluster in the upper part represents the national heritage site of Daming Palace and 

the associated site park. The two clusters in the middle represent the aforementioned Beiyuanmen and 

Shuyuanmen districts. These clusters could be a key indicator in interpreting the spatial structure of 

Xi’an from the perspective of tourist attractions. The diffusion pattern is presented primarily by the 

factors that are visible prevalent in the city, namely the bus station, the restaurant, the convenient store, 

and the supermarket. The collective features of these patterns are the dark cluster in the upper right part, 

which represents areas in the vicinity of the aforementioned Jiefanglu district. In addition, these factors 

are an essential part of people’s daily life and could potentially simulate human activities in the city. 

  

The spatial structure presented by the kernel density estimation highlights the attractor’s role in shaping 

the urban structure and impacting social activities. Although the density estimation could depict the 

spatial-temporal form of the city, the results are volatile and ephemeral considering the ongoing high-

speed transformation of contemporary society. Therefore, it is critical to examine one of the most 

enduring aspects of the city - the street (Whitehand, 2001) - to understand its deep structure. 
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Bus station Subway station Attractions 

Historic site Museum Fast-food 
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Convenient store Shopping mall 

Restaurant 
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Figure 5 The urban structure represented by the POIs kernel density estimation 
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As Figure 6a shows, the structural configuration of the study area is determined by several long 

horizontal (east-west), and vertical (north-south) red lines (with highest choice value), which indicates 

the human movement pattern in the urban area are highly reliant on these lines as the main medium of 

transportation. On the flip side, as demonstrated in Figure 6b, the long red lines disappear and are 

displaced by relatively short red lines congregating into clusters, which resembles the distribution 

pattern of POIs to a certain extent. The interpretations of this integrated diagram are as follows: 

 

1) The city of Xi’an demonstrates a dual-core urban structure, with one located in the existing city core 

(the Bell Tower) and the other one clustered in adjacent to the intersection of two long red lines, the 

Beidajie and the Jiefanglu (two of the busiest roads in the city).  

2) There are less red long lines and short blue lines in the graph compared with the NACH analysis, 

which showcases a heterogeneous urban network where different segments vary in their idiosyncratic 

characteristics considering the multivariate factors.   

3) The majority of red lines are bounded by Xi’an’s first ring (the Ming City Wall), which indicates the 

old downtown area was not abandoned during the urban expansion and sprawl process but has been 

reinforced and rejuvenated, as a reborn destination for local citizens. 

 

However, can MCDA facilitate the representation of the city’s spatial configuration regarding 

measuring the human movement pattern? To respond to the question, we will investigate the correlation 

among the results of the NACH, the MCDA, and our observation data in the three selected areas.  

 

Global scale correlation 

 

We initially undertake correlation analysis between the pedestrian intensity with other factors based 

on the observation data gathered from a total of 37 gates (24 gates as mentioned earlier and other 

supplemented 13 gates). According to the descriptive statistics of the NACH and MCDA of different 

scales, the sample data has a higher median (NACH: 1.08/1.01; MCDA: 0.52/0.43), mean (NACH: 

1.09/0.96; MCDA: 0.53/0.41), and a lower standard deviation (NACH: 0.19/0.34; MCDA: 0.09/0.12) 

compared to the whole system. As shown in Table 3, Pearson’s r of the correlation analysis ranges 

from 0.10 to 0.37, indicating a low and even no correlation. However, compared with the correlation 

between pedestrian and the NACH (0.24), the correlation between pedestrian intensity with MCDA is 

significant at the 0.05 level (0.35).  

  

 

 

 

 

 

 

 

Figure 6 The general urban structure of Xi'an based on the two analysis 

a) space syntax analysis b) MCDA analysis 
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Table 3 Correlations among pedestrian intensity and factors at a global scale  
Pedestrian 

 
Pedestrian 

 
Pedestrian 

Bus 0.13 Restaurant 0.30 Sites 0.10 

Subway -0.34* Fast-food  0.37* Museum -0.20 

Supermarket 0.26 Coffee 0.10 NACH 0.24 

Mall 0.28 Bakery  0.10 MCDA 0.35* 

Convenient Store 0.19 attractions -0.12 
  

Note. * Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed). 

 

The Jiefanglu Commercial District 

 

As we mentioned before, the Jiefanglu Commercial District is now Xi’an’s iconic commercial district 

with several commercial complexes, shopping malls, and department store in the vicinity. As shown in 

Figure 7, the streets of this area are equipped with high-quality walking space intended for consumers 

to move from one shopping spot to another. According to the observation data, the highest pedestrian 

intensity value of this area is 530, and the lowest is 83, with the mean value of 230.625. As for the 

NACH (radius n), the maximum is 1.502, and the minimum is 0.856, with a mean of 1.18 (global 0.96). 

Besides, the MACD analysis values ranges from 0.51 to 0.72, with the mean of 0.60 (global 0.41).  

 

Table 4 illustrates the correlations between pedestrian intensity and weighted criteria as well as the two 

analysis. It is noted that the factors of bus, mall, fast food, coffee, and attractions rarely correlate with 

the observation data. The factor of the restaurant has the highest r (0.60), but a negative correlation. The 

factor with the highest positive correlation r (0.40) is the factor of the bakery. Interestingly though, 

whilst we expect the correlation of pedestrian with the factors under commercial category are higher 

considering the district’s function, the facts suggest there is no clear relationship between the two. When 

comparing the r of NACH (0.69) with MCDA (0.66), it can noted that the two methods provide a similar 

description and estimation of the local urban form.  

 

Table 4 Correlations among pedestrian intensity and factors in Jiefanglu commercial district  
Pedestrian 

 
Pedestrian 

 
Pedestrian 

Bus 0.10 Restaurant -0.60 Sites - 

Subway -0.64 Fast-food  -0.17 Museum -0.32 

Supermarket 0.35 Coffee 0.28 NACH 0.69 

Mall 0.18 Bakery  0.40 MCDA 0.66 

Convenient Store -0.41 attractions -0.24 
  

Figure 7 Walkways in Jiefanglu Commercial District 
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The Shuyuanmen historic district,  

 

The Shuyuanmen historic district is anchored with cultural sites and gradually transformed into a tourist 

attraction for visitors who are interested in Chinese art and literature in recent years. The motor vehicles 

are prohibited inside the Shuyuanmen district, so some of the selected streets are pedestrian-oriented 

with alternative transportation approaches such as cycles and scooters (see Figure 8). The maximum 

pedestrian intensity in this area is 574, and the minimum is 64. The mean is slightly lower than Jiefanglu 

district at 222.25. In terms of the NACH (radius n), the highest value is 1.219, and the lowest is 0.837. 

The mean of NACH is also moderately lower than that of Jiefanglu district at 1.10. The MCDA values 

ranges from 0.46 to 0.63, with the mean at 0.54. 

 

As shown in Table 5, the bus factor has the highest positive correlation r (0.70), while the factor of the 

museum has the highest negative correlation r (0.82). The factors including subway, supermarket, mall, 

bakery, and even NACH demonstrates no significant correlation with the observed pedestrian density. 

One interesting finding is that the three factors under the tourist attractions category - attractions, 

historic sites, the museum – all have a negative correlation with the observation data. Similar to the 

findings in the Jiefanglu district, the factors that should represent the characteristics of the specified 

area fails to contribute to the robust correlation between the constructed model and the actual facts. 

However, the r of the MCDA analysis (0.41), though at a lower level, has improved compared to the r 

of NACH (0.06).  

 

Table 5 Correlations among pedestrian intensity and factors in Shuyuanmen historic district  
Pedestrian 

 
Pedestrian 

 
Pedestrian 

Bus 0.70 Restaurant 0.19 Sites -0.41 

Subway -0.22 Fast-food  0.45 Museum -0.82* 

Supermarket -0.04 Coffee 0.63 NACH 0.06 

Mall 0.13 Bakery  0.07 MCDA 0.41 

Convenient Store 0.44 attractions -0.53 
  

 

The Beiyuanmen Muslim district 

 

The Beiyuanmen Muslim district, also known as the Muslim Quarter, may be the most famous tourist's 

destinations in Xi’an. Although the motor vehicles are not officially banned here, the crowded streets 

prevent drivers from passing through, thereby making the majority of streets in this district pedestrian 

oriented. Figure 9 depicts the general streetscape of the districts with stalls and shops alongside the 

street. With the large volume of tourists, the pedestrian intensity is notably higher than the other two 

districts. The highest observed value is 1194, and the lowest is 38, with a mean at 560.5. With regards 

to the NACH, the maximum, minimum, and mean are 1.344, 0.777, and 1.134 respectively. Concerning 

the MCDA values, it has the highest mean at 0.55 among all the selected cases.  

 

According to Table 6, the highest positive correlation r (0.59) is seen in the factor of coffee, whilst the 

factor of sites yields the highest negative correlation r (0.79). Regrettably, the results indicate that both 

Figure 8 Walkways in Shuyuanmen historic district 
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NACH and WLC, as well as factors such as supermarket, convenient store, fast-food, attractions, 

museum, have no significant correlations with pedestrian density. The results confirm with Mansouri 

and Ujang’s research (2017) that the tourist's volume is not predictable through space syntax analysis 

and cannot be interpreted by the natural movement theory (B Hillier et al., 1993; Bill Hillier, 2016).  

Table 6 Correlations among pedestrian intensity and factors in Beiyuanmen Muslim district  
Pedestrian  Pedestrian  Pedestrian 

Bus 0.35 Restaurant -0.37 Sites -0.79* 

Subway -0.53 Fast-food 0.04 Museum 0.17 

Supermarket -0.14 Coffee 0.59 NACH -0.21 

Mall 0.36 Bakery -0.49 WLC -0.27 

Convenient Store -0.20 attractions 0.02   

Note. * Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed). 

 

Comparison and discussion 

 

The three distinctive study areas each represent a potential magnet that attracts people and generates 

dense human movement pattern. Based on the previous results, it is noted that the space syntax analysis 

(NACH) provides a valid prediction for the pedestrian movement of Jiefanglu district, but ineffective 

for the other two districts. In comparison, the MCDA analysis produces an equivalent effective 

prediction for Jiefanglu district, but better projection for Shuyuanmen district. In terms of Beiyuanmen 

district, both methods fail to predict the pedestrian density.  

 

Building on the theory of natural movement, the space syntax reveals that it is the configuration of the 

urban network that primarily determines the pedestrian movement patterns, and the attractors only serve 

as complements or multipliers for the established system (Hillier et al., 1993). Ye and van Nes (2014) 

argued that whilst the space syntax approach provides a comprehensive analysis for the street network; 

it is constrained by the specific morphological aspect hence ignoring the implications of other 

morphological aspects such as density and land use diversity. For urban areas like Shuyuanmen district 

and Beiyuanmen district, it is critical to consider factors other than the configuration of the street 

network that could potentially influence the human movement pattern. 

 

It is noteworthy that we use the same criteria weights for the MCDA analysis of three districts, hence 

the spatial heterogeneity is neglected in our analysis process. Considering the correlation analysis 

between the weighted factors and the pedestrian density, it can be inferred that districts with specific 

characteristics, such as commerce, historic sites, and tourist attractions, require their unique criteria 

weights to achieve a more effective model for predicting human movement pattern in the urban area. In 

addition, we find that the symbolic factors of a district do not contribute to the effective prediction of 

the potential human movement pattern. These factors have either no relation or negative correlation 

with the actual movement pattern. The findings suggest that considering the spatial homogeneity, it is 

the factors that are not dominant in the place that could potentially facilitate the prediction of the 

movement pattern.  

Figure 9 Walkways in Beiyuanmen Muslim district 
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4. CONCLUSIONS  

This research adds to the existing literature with a new perspective to integrate the Space Syntax with 

the MCDA to incorporate both “configuration” and “attractor” in urban morphological studies. With the 

analytical framework of MCDA, it is possible to quantify and combine the “attractor” and the 

“configuration” at an equivalent level. In addition, the open datasets that are utilized in this research 

leading to a new paradigm shift in the field or urban studies. Batty (2012) deemed that the rapidly 

growing new datasets are leading and justifying new theories and the empirical studies on cities, hence 

becoming “big science” oriented. The OSM and POI are the two most common forms of open data, but 

they serve as the most critical roles in the research process: the raw network and the quantitative 

attractors. With the available open urban datasets, it is expected to witness increasing numbers of studies 

that embracing this opportunity.  

 

Based on the case studies, it is concluded that MCDA could work in conjunction with Space Syntax in 

deciphering the urban form of a specific area as well as predicting pedestrian movement pattern. 

However, as for the case of Beiyuanmen district, the uncertainty and randomness that brought by the 

huge volume of tourists cast a shadow on the establishment of a valid prediction model. Moreover, as 

we have discussed in the previous section when dealing with a local scale analysis, it is critical to 

building a suitable AHP and assigning weights to the factors accordingly.  

 

There are several limitations to this research. First, as recommended by Grajewski and Vaughan (2001), 

the number of observation gate should be around 25 or more. In this research, we set only eight gate 

positions for each district considering the considerable small size of the area. Nevertheless, more gates 

could provide more concise and consistent data for the correlation analysis, thereby improving the 

validity of the results. Second, the data quality of OSM-China is under debate (Liu & Long, 2016). In 

this research, the network model is primarily based on city level roads. Therefore, the underlying 

connections between different roads in the form of unidentified streets or lanes are ignored, which could 

affect the accuracy of the entire model. Another limitation is that during the pairwise comparison 

process, the ratings for criteria are based on our understanding of the study area. Although we act as the 

decision maker of the analysis, the ratings are, to some extent, subjective. For further improvements, 

the rating standards could be facilitated by academic literature, expert knowledge, as well as 

crowdsourced perspectives. Finally, we conduct both space syntax analysis and MCDA at a global scale 

assuming the spatial homogeneity. The aforementioned fact has confirmed that it is crucial to consider 

spatial heterogeneity in our and future similar studies.  

 

The research method derived from this study is applicable in further urban studies regarding exploring 

or explaining the human movement pattern as well as the distinctive urban form. More importantly, the 

method contributes to the field of quantitative urban studies by connecting the quantitative analysis of 

space syntax with spatial analytical methods in the context of burgeoning information communication 

technology.  
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