Australasian Transport Research Forum 2016 Proceedings

16 – 18 November 2016, Melbourne, Australia

Publication website: http://www.atrf.info
ATRF 2016 Proceedings
A comparative study of the Design Quality of Train Stations Based on Crime Rate in Melbourne

A Comparative Study of the CPTED Design Quality of Train Stations Based on Crime Rate in Melbourne

Mustafizur Rahaman1, Prof Graham Currie1, Dr Carlyn Muir2, Dr. Alexa Delbosc1

1Institute of Transport Studies, Monash University, Clayton, VIC, 3800

2 Monash Injury Research Institute, Monash University, Clayton, VIC, 3800

Email for correspondence: mustafizur.rahaman@monash.edu

Abstract

Crime on public transport is a longstanding issue that negatively impacts the perceptions of passengers.  Although much research has occurred on this topic, little has examined transit using the framework of Crime Prevention Through Environmental Design (CPTED).  This paper presents a comparative study of train stations in terms of design quality for personal safety and security. Three types of train stations are considered for comparison: stations with high, low and moderate crime rate, located in Melbourne. Three sets of stations from each category are assessed in this research. The design quality of the train stations are quantified with a scale using CPTED principles to quantify five dimensions of design quality. Results compare the scores across the three types of stations, statistical analysis between the scores have identified the factors and the design features contributing to the difference in scores. 

1. Introduction
Crime on public transport system is a longstanding issue in various countries of the world 
 ADDIN EN.CITE 
(Levine 1986, Brantingham et al. 1991, Levy 1994, Cozens 2002a, Newton 2014)
. Studies have found that a range of crime occurs at the public transport facilities, and negatively affects the perception of personal security of the passengers 
 ADDIN EN.CITE 
(Ingalls et al. 1994, Concern 2002, Hamilton 2003, Uzzel et al. 2003, Hamilton 2007, Yavuz and Welch 2010, Vilalta 2011, Delbosc and Currie 2012, Currie et al. 2013)
. That is why a number of researchers have contributed valuable input to this field of research. However, little research in transit focuses on the concept of ‘Crime Prevention Through Environmental Design’ (CPTED) which has been successfully used in the other fields of research for deterring crime. There exists little research considering CPTED for transit facilities 
 ADDIN EN.CITE 
(Cozens 2002b, Cozens et al. 2003b, Cozens et al. 2003a, Cozens et al. 2004)
 and their approaches are qualitative. Quantifying the design quality of the train stations in term of personal security and comparing it across stations experiencing various levels of reported crime has not been attempted to date.
This paper presents a comparison of the design quality of the train stations falling into three categories: stations with high, medium and low reported crime rates. In total nine stations in Melbourne were analysed, taking three stations from each category. The design quality of the stations are assessed and scored using a new scale quantifying CPTED principles which had been developed by the authors in previous research. Thus the quantified design quality of the stations are compared in aggregate and disaggregate level and dissimilarities across the stations are explored.

This paper is organised as follows. The next section describes the background of the proposed research. Then the application of the proposed scale framework to the case study stations is presented in detail, and finally results are described and conclusions are drawn.

2. Background

2.1. Preventing crime on Public Transit facilities

Crime on the public transportation has been studied for various modes. Crime occurring on transportation ranges from very common assault to disparaging actions of terrorism Easteal and Wilson 1991()
. The offenders can target the system itself, employees, and passengers at the facilities and on board and commit a range of offences (e.g. vandalism or fare evasion, assaults on ticket collectors, pickpocketing or overcharging) Smith and Clarke 2000()
.

In order to prevent and deter crime at public transit facilities, a number of measures and initiatives have been effective. Installation of CCTV to enhance surveillance at the stations and car parks, observation of the waiting area by the station staff, placing back exits, mirrors for drivers and changing in the seating arrangements were found effective to deter crime and improve the perception of safety of the transit users in several studies 
 ADDIN EN.CITE 
(Levine and Wachs 1986, VAN ANDEL 1989, Gaylord and Galliher 1991, Webb and Laycock 1992, Tilley and Britain 1993, Levy 1994, Lashmar 2001, Winge and Knutsson 2003, Cozens et al. 2005)
. Target hardening measures e.g. alarm systems and alarm buttons, protective enclosures for bus drivers, bulletproof screens for taxis, formal police checking, electronic locators or radio codes etc. reduced the number of robberies and abuses to bus and taxi drivers 
 ADDIN EN.CITE 
(Gray 1971, Chaiken et al. 1974, Joyner 1980, Easteal and Wilson 1991, Newman 1998)
. Station staff are also found very effective to increase perception of safety and cited as an important factor by passengers in a number of research 
 ADDIN EN.CITE 
(Smith 2008, Vilalta 2011, Napthine 2013)
. For example the deployment of the Protective Service Officers (PSO) at stations in Melbourne improved the safety perception of the passengers Concern 2002()
. 
In addition, designing out opportunities for crime and controlling crime through "order maintenance" policing for transit system has been considered by the respective authorities. For example, the designer of the Washington D.C. Metro incorporated a range of preventive measures against crime opportunities like designing spacious platforms, open escalators and passageways between platforms and usage of CCTV with attendants in kiosks near entrances 
 ADDIN EN.CITE 
(La Vigne 1996b, La Vigne 1996a, La Vigne 1997)
. 
In the design of train stations various types of design consideration have been suggested by a number of studies. These include reducing the number of entrances and exits, widening staircases, closing off areas behind staircases and passageways, locating surveillance booths to overlook fare entry points and the platform level, increase surveillance by other passengers or passers-by, allowing passengers wider lines of sight, wide platforms, surveillance booths, installing see-through fencing on the periphery of the station, locating waiting rooms closer to retailers, putting corner mirrors, eliminating nooks, and improving lighting 
 ADDIN EN.CITE 
(Falanga 1989, Felson et al. 1990, Felson et al. 1996)
.

2.2. Importance of the Design Quality of Stations

The design quality of the public transit facilities are one of the major factors cited by the previous studies, to reduce crime and heighten the perception of safety. The design quality includes various measures to enhance the surveillance, controlling offenders’ intuition, restricting illegitimate access to the station area, routinely maintenance and permitted activities. 

Several researchers have investigated the effect of planning, design and management of the railway stations and there nearby access routes on the reduction of fear of crime. Cozens et al. (2003b)
 focused on adult passengers’ perceptions of crime to investigate ‘cartographies of fear’ for various component of selected railway stations and their immediate approaches. They utilised the interactive virtual reality (VR) scenes of selected 66 stations in the on the Valley Lines in South Wales (UK). The selected stations were grouped into six families according to their deprivation, geographical location, physical and security features, frequency of services, passengers’ level characteristics. Lighting, installing CCTV, transparent shelters, more staff and cleanliness was the most cited sectors suggested to be improved by the participants. Cozens et al. (2004)
 investigated passengers’ perception of safety while waiting at rail stations. Quick Time Virtual Reality (QTVR) walkthrough scenes were adopted in this research which assisted the participants to sense the complex station layouts and access routes without personally being present. It assisted to elaborate problems associated with the perception of safety and to provide design solution for alleviating safety problems. Uzzell and Brown (2007)
 focused on the influence of psychological and environmental cues on people’s fear of crime in the context of Waterloo railway station in UK. The questionnaire focused on the factors like the patterns of being a victim, the time and space of victimization, information and security in rail stations. This research suggested that various change in the environmental features in and around the rail stations as well as mapping of the psychological region of risk perception can be a valuable solution for the reduction of crime.

Although the range of design interventions in transit stations is extensive, they lack a clear or comprehensive framework.  Crime Prevention Through Environmental Design (CPTED) is a framework that has rarely been applied in transit facility design but has the potential to provide this structured design advice. 
2.3. Crime Prevention Through Environmental Design (CPTED)

CPTED stands for Crime Prevention Through Environmental Design, based on the proposition that proper design and effective use of the built and surrounding environment are effective in deterring crime. It can be defined as “the proper design and effective use of the built environment and can lead to a reduction in the fear and incidence of crime, and an improvement in the quality of life” Crowe 2000,p46()
. 

CPTED is underpinned by a range of design principles including surveillance, territoriality, access control/ target hardening, maintenance and activity support. Surveillance refers to improving visibility and observation Moffatt 1983()
. Territoriality is a design concept that produces a sense of ownership and proprietary concerns for a territory Moffatt 1983(, Cozens et al. 2005)
. Access control and target hardening focuses on reducing crime opportunities by deterring access to the potential targets and places. It assists to heighten  risk perception in offenders and thus deters them Brantingham 1993(, Cozens et al. 2005)
. Routine maintenance of the dwelling area and built environment improves the perception of users regarding safety and reduces crime. Activity support encourages the intended use of the public place through the aid of design and signage Cozens et al. 2005()
. 

2.4. Measuring CPTED for Public Transport Facilities

Very little research measures CPTED principals on public transport. Cozens et al. (2003a)
 measured situational safety measures at 15 stations along the valley line, UK, using a dichotomous scale (yes=1/no=0). At the stations under consideration, the presence of a staffed ticket office, CCTV, help point, public access, real-time/ electronic information, high throughput level, lack of visual obstruction etc. were scored either zero or one depending on their presence or absence. An accumulated score was termed the situational index (SI). Liggett et al. (2001)
 measured the surrounding physical environment for the most crime ridden bus stops in Chicago. They counted the presence of negative environmental features like the presence of bars, liquor shops etc., bus stop characteristics e.g. the existence of bus shelters, visibility, and lighting; and street characteristics; such as street and sidewalk width, on-street parking, and traffic levels etc.  has considered CPTED principals and developed a scale of measure the various elements of CPTED at the train stations considering five dimensions of CPTED in detail: surveillance, access control, motivation reinforcement, maintenance and territoriality/activity support.
Thus from the aforementioned discussion there is a substantial amount of research identifying and exploring factors that reduce crime and improve the safety perceptions of passengers. In addition, there are several studies focusing on the effectiveness of the design quality of the public transit facilities to reduce crime through a case study of train stations. However, comparison of the stations design quality of the stations for personal security has been unaddressed which is the focus of the proposed research paper.

3. A Brief Description of the CPTED Scale

This study has used a measurement instrument that aims to provide an objective measure of CPTED present in stations as developed by the authors Rahaman et al. 2016()
  . Based on the literature and existing guidelines of CPTED for transit facilities, the scale has considered surveillance, motivation reinforcement,  access control, maintenance and territoriality/ activity support dimensions of CPTED strategies Justice et al. 1976(, American Public Transportation Association 2010)
. All component indicators of each the key dimensions are measured by onsite observation at the case study stations. 

The proposed index was developed using a weighted multi-criteria scorecard approach. The scale had several dimensions and each of the dimensions in the scale was divided into several relevant criterions. Criteria were further subdivided into several component indicators which had a score set and relative significance weighting. Individual scores were usually 0 to 10. The weighting of the dimensions were based on existing published research evidence 
 ADDIN EN.CITE 
(Morgan 1996, Hamilton 2003, Stafford and Pettersson 2004, Hamilton 2007)
 as well as author’s subjective view of importance. 
Surveillance considered in the CPTED scale includes both formal and natural surveillance. The factors in the formal surveillance has included the presence and length of CCTV coverage of the platforms, ticketing area, entrance and exit points to the station area and platforms and waiting area. It also considered the visibility of the platforms, car park and waiting area. Factors included in the natural surveillance includes the natural visibility of the car park, entrance/exit point to the station area and platforms, ticketing area, platforms and waiting area. The measurement indicators for each of the factors considered the visibility from the surround roads, car park and surrounding development and scores were provided accordingly.

For the access control dimension, several factors which limits illegitimate access to the station platforms and station area have been considered. The factors includes presence of turnstiles to access to the platforms, staff at the entrance to the platforms, number of access points and fencing around the stations. 

In the CPTED scale, the physical elements and measures undertaken to inhibit the offenders’ willingness to perform crime, are considered in motivation reinforcement dimension. The factors included in the scale are the effectiveness of the CCTV, appointment of PSO, staff, presence of police booth near the stations, installation of the alarm button and arrangements of lighting.

The maintenance dimension considered the various factors at and adjacent areas of the stations. The cleanliness of the platforms, car park, waiting area, entrance to the platforms and station area, presence of high and unkempt tress around the platforms, graffiti at and around the station area, and the workability of the lights are measured in the scale.

Territoriality of the station and activity supported in the station area is the focus of this dimension. The territoriality considered the factors like the clear borderline of the station, station name and signs to define station and its parking area. The activity support dimension considers the markings and sings at the platforms, restrooms, waiting area etc. to support specific activities.

The scale is presented at the Appendix A1 in detail.
4. Selection of stations

Nine rail stations in Melbourne are taken for the case study. The stations were divided into three broad categories based on crime rates and from each of these categories three stations were considered.

4.1. Data Source 

The specific rail stations were selected from the crime at stations dataset provided by Crime statistics Agency CSA 2015()
, Victoria. The data set includes offence counts from 2010-2015 (January to December). Offenses were not linked to specific rail stations but were recorded as occurring at ‘a station’ and within a specific postcode; therefore a proxy indicator had to be developed to link these offenses to specific rail stations.  In order to link crime to a specific rail station, only postcodes containing a single rail station were included in the analysis so that crime could be somewhat confidently linked to the station within that postcode.  This resulted in a set of 52 rail stations which were then ranked based on the crime rate. 
4.2. Ranking Method and Selection Criteria

The stations were ranked considering crime rate per 1 million passengers according to equation 1. This was done to eliminate the discrepancy between the stations with high and low passenger patronage.
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Where,

Cx = Average crime rate for station x per 1,000,000 passengers per annum;
Ni = Number of crime type j at station x in the year i; 

P= Number of passenger patronage at station x in year i ;

After ranking of the stations from high to low crime rate, the stations were classified into three categories: station with high (H), medium (M) and low (L) crime rate. A quartile method is used to prepare this classification of the stations. Stations falling into the first quartile are considered as the stations with high crime rate, second and third quartile as stations with moderate crime rate, and fourth quartile in the stations with lower crime rate. To avoid any stigma that can arise from this research, the names of the stations have been kept undisclosed.

After ranking of the stations, randomly nine stations are chosen with three stations in each category. The stations with highest crime have been designated by H1, H2, H3, while stations with medium and lowest crime rate by M1, M2 and M3, and L1, L2 and L3 respectively. The characteristics of the stations are shown in Table 1
.

Table 1: General attributes of the stations under considreation
	Stations
	Crime Rate

(Per year per million passengers)
	Average Passenger patronage

(per year)
	Staff

Appointment
	Protective Service Officer (PSO)

	L1
	15
	381,526
	No
	Yes

	L2
	6
	648,403
	No
	No

	L3
	14
	447,520
	No
	Yes

	M1
	32
	1,195,402
	Yes
	Yes

	M2
	38
	960,312
	Yes
	Yes

	M3
	60
	512,612
	Yes
	Yes

	H1
	134
	728,319
	Yes
	Yes

	H2
	136
	2,499,845
	Yes
	Yes

	H3
	65
	2,369,308
	Yes
	Yes


In Table 1, second column denotes the crime rate per one million of passengers, the third column average patronage of the passengers per year calculated from the five years data (2010-2015) provided by PTV (2015)
. Whether railway staff and Protective Service Officers (PSO)
 are present or absent at the stations are indicated in the fourth and fifth column of Table 1. 

5. Application of the scale and Result

The proposed CPTED scale has been applied to nine stations in suburban Melbourne shown in Table 1. Through onsite observation of the stations and assessment of various criterion, CPTED scores are assigned. This score measures the design quality of the stations in terms of security. Disaggregate level of analysis of the score identifies the criteria/design variables which need to be addressed to improve the score, which in turn might enhance the safety perception of the passengers. 

5.1. Comparison of the Score in Aggregate 

Figure 1 summarizes the aggregated total scores for each component of the CPTED dimensions along with their component indicators. The higher the score, according to the scale, the better is the CPTED design quality of the station. Figure 1 shows that the CPTED score of the train stations are different across different types of stations.
In general, the CPTED score of the stations with low crime rate is lower than those of stations with high crime rate. It suggests that the design standard is lower for the stations with low crime rate and higher for stations with high crime rate. The trend of design standard is similar for stations with low and medium crime rate. There exists little difference between the CPTED scores between the stations with high and medium crime rate which suggests that the design quality is about similar for these two groups of stations. 
Table 2 explores whether the difference between the total CPTED score of the stations of various groups are statistically significant. A non-parametric Kruskal-Wallis test of the scores was performed to explore whether the scores are different between the groups. Then, non-parametric Mann-Whitney test are performed to pairwise compare the statistical difference in the scores.
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Table 2 shows the summary of the result from the statistical test. It was found that at 95% confidence level, CPTED scores are different for three types of stations. From the Mann-Whitney pairwise test, it was found that the maximum possible score for each type of station is also significantly different from each other. 
Table 2: Comparison of the CPTED score across the three types of stations
	
	Max Score for each Item
	Kruskal-Wallis test
	Average Score

	
	
	
	Stations With High Crime Rate (H)
	Stations With Medium Crime Rate
 (M)
	Stations With Lower Crime Rate (L)

	Total CPTED Score for Stations
	1000
	P=.027*
	863LM
	 833LH
	628MH

	*Significant at 95% confidence level.

Superscript LM=the score is different than low and medium crime rate stations at 95% confidence level; Superscript LH=the score is different than low and high crime rate stations at 95% confidence level; Superscript MH=the score is different than low and medium crime rate stations at 95% confidence level.



This result appears counter-intuitive.  It could be hypothesised that stations with higher CPTED design quality should result in lower crime rates.  A disaggregate analysis of the scoring may provide some insights into why this was not the case.

5.2. Disaggregate Analysis

This sections presents a comparison of the score of the individual dimensions in the CPTED scale as well as the factors in each of them. 

5.2.1. Surveillance

Table 3 has presented the average score for each of the factors for surveillance dimension across stations with high (H), medium (M) and low (L) crime rate. The Kruskal-Wallis test for the total measured score for surveillance finds that there is significant difference between the scores. Pairwise Mann-Whitney test shows that the scores significantly differs between the groups as well. In particular, low crime rate stations were distinct in having less formal surveillance (CCTV or an office) and less natural visibility at station entrances and the ticketing area. 

Table 3: Comaprison of the score of Surveillance dimesion in disaggregate level 
	CPTED Dimension:

Surveillance
	Max Score for each Item
	Average Score
	Kruskal-Wallis test

	
	
	Stations With High Crime Rate (H)
	Stations With Medium Crime Rate (M)
	Stations With Low Crime Rate (L
	

	Measured Total Score 
	300
	220ML
	202LH
	156MH
	P=.027*

	Formal Surveillance 

 (CCTV, Office)
	120
	95L
	88L
	64MH
	

	Natural Visibility of Car park
	30
	18
	17
	13
	

	Natural Visibility of Entrance/exit  to Circulation area
	20
	11
	10
	10
	

	Natural Visibility of Entrance/ exit to Platforms
	20
	17LM
	12H
	11H
	

	Natural Visibility of Ticketing Area
	30
	22L
	19L
	11MH
	

	Natural Visibility of Platforms
	50
	39
	34
	30
	

	Natural Visibility of Waiting area
	30
	19
	21
	17
	

	*Significant at 95% confidence level.

Superscript LM=the score is different than low and medium crime rate stations at 95% confidence level; Superscript LH=the score is different than low and high crime rate stations at 95% confidence level; Superscript MH=the score is different than low and medium crime rate stations at 95% confidence level.

Superscript L, M or H =the score is different than low, medium or high crime rate stations at 95% confidence level;


5.2.2. Access Control

As shown in Table 4, once again Mann-Whitney tests found significant differences between station types.  In particular, only the high crime stations had turnstiles and the low crime stations had no staff.  For other factors, no statistically difference are found.

Table 4: Comaprison of scores of Access the Control dimesion in disaggregate level 
	CPTED Dimension:

Access Control
	Max Score for each Item
	Average Score
	Kruskal-Wallis test

	
	
	Stations With High Crime Rate (H)
	Stations With Medium Crime Rate (M)
	Stations With Low Crime Rate (L)
	

	Measured Total Score
	100
	92LM
	77HL
	35HM
	P=.040*

	Indicators in Disaggregate Level
	
	
	
	
	

	Turnstiles
	25
	17ML
	0H
	0H
	

	Staff
	40
	40L
	40L
	0MH
	

	Entrance/Exit points platforms
	10
	10
	10
	10
	

	Entrance/Exit points of station area
	5
	5
	5
	5
	

	Fencing

	20
	20
	20
	20
	

	*Significant at 95% confidence level.

Superscript LM=the score is different than low and medium crime rate stations at 95% confidence level; Superscript LH=the score is different than low and high crime rate stations at 95% confidence level; Superscript MH=the score is different than low and medium crime rate stations at 95% confidence level.

Superscript L, M or H =the score is different than low, medium or high crime rate stations at 95% confidence level;


5.2.3. Motivation Reinforcement

Total average score for motivation reinforcement for three types of stations along with the score of the factors are presented in Table 5. In this case high and medium crime stations had similar scores but once again low-crime stations had a lower average score.  Once again the absence of staff was the key variable distinguishing low-crime stations from the others.
Table 5: Comaprison of the score of Motivation Reinforcement dimesion in disaggregate level 
	CPTED Dimension:

Motivation Reinforcement
	Max Score for each Item
	Average Score
	Kruskal-Wallis test

	
	
	Stations With High Crime Rate (H)
	Stations With Medium Crime Rate (M)
	Stations With Low Crime Rate (L)
	

	Measured Total Score
	300
	275L
	282L
	182MH
	P=.031*

	CCTV
	50
	47
	50
	38
	

	PSO
	50
	50
	50
	33
	

	Police
	15
	0
	0
	0
	

	Staff
	80
	80L
	80L
	13MH
	

	Alarm Button
	25
	18
	21
	18
	

	Lighting
	80
	80
	80
	80
	

	*Significant at 95% confidence level.

Superscript LM=the score is different than low and medium crime rate stations at 95% confidence level; 

Superscript LH=the score is different than low and high crime rate stations at 95% confidence level; 

Superscript MH=the score is different than low and medium crime rate stations at 95% confidence level.

Superscript L, M or H =the score is different than low, medium or high crime rate stations at 95% confidence level;


5.2.4. Maintenance 

Table 6 shows the measured total score for the maintenance dimensions as well as average score for the factors across the three types of stations. Statistical test of the measured total score for maintenance dimension did not find any significant difference between the scores. The only score in disaggregate that varied between the three was maintenance of trees which overall had only a minor effect on the scores.

Table 6 : Comaprison of the score of Maintenance dimesion in disaggregate level 
	CPTED Dimension:

Maintenance Dimension
	Max Score for each Item
	Average Score
	Kruskal-Wallis test

	
	
	Stations With High Crime Rate (H)
	Stations With Medium Crime Rate (M)
	Stations With Low Crime Rate (L)
	

	Measured Total Score
	200
	176
	173
	168
	P=.668

	Platforms
	30
	25
	26
	27
	

	Trees
	10
	10LM
	3H
	0H
	

	Car Park
	20
	18
	18
	20
	

	Waiting Area
	30
	24
	24
	28
	

	Entrance to the platforms
	10
	10
	10
	8
	

	Entrance/Exit points St. area
	10
	10
	10
	10
	

	Amenities
	10
	6
	9
	3
	

	Graffiti: Miscellaneous
	30
	23
	23
	21
	

	Garbage
	10
	10
	10
	10
	

	Lighting
	40
	40
	40
	40
	

	*Significant at 95% confidence level.   

Superscript LM=the score is different than low and medium crime rate stations at 95% confidence level; 

Superscript LH=the score is different than low and high crime rate stations at 95% confidence level; 

Superscript MH=the score is different than low and medium crime rate stations at 95% confidence level. 

Superscript L, M or H =the score is different than low, medium or high crime rate stations at 95% confidence level;


5.2.5. Territoriality and Activity Support

Table 7 shows that low-crime stations had lower overall scores for territoriality and activity support.  In disaggregate this difference came from lower territoriality scores for low-crime stations..

Table 7: Comaprison of the score of Terirtorilaity and Activity Support dimesion in disaggregate level
	CPTED Dimension: 

Territoriality/Activity Support Dimension
	Max Score for each Item
	Average Score
	Kruskal-Wallis test

	
	
	Stations With High Crime Rate (H)
	Stations With Medium Crime Rate (M)
	Stations With Low Crime Rate (L)
	

	Measured Total Score
	100
	100L
	100L
	87MH
	P=.021

	Territoriality
	80
	80L
	80L
	67MH
	

	Activity Support
	20
	20
	20
	20
	

	*Significant at 95% confidence level.   

Superscript LM=the score is different than low and medium crime rate stations at 95% confidence level; 

Superscript LH=the score is different than low and high crime rate stations at 95% confidence level; 

Superscript MH=the score is different than low and medium crime rate stations at 95% confidence level. 

Superscript L, M or H =the score is different than low, medium or high crime rate stations at 95% confidence level;


6. Results and Discussion

In summary, overall CPTED score and scores across the dimensions for personal security is highest for the stations with high crime rate and lowest for low crime rate. The outcome seems to be unexpected as the common conjecture is lower design quality for stations with high crime. This might be due to the prioritization of the investment by the operating body to the problematic stations. In particular, the main difference in the scores between stations was due to the presence or absence of staff at the stations. Staffing is one of the important factors for improving safety as cited by the passengers Uzzel et al. 2003()
; however it is also a significant cost for the operator. It is quite likely that the operator has chosen to appoint more staff at stations with a history of crime or in neighbourhoods with higher crime in the surrounding area.

This also raises the possibility of the reverse effect conceptualised in Figure 2. If the surrounding neighbourhood quality of life is substandard, the station may not be properly looked after which in turn reduces the CPTED quality of the station. With time, the increment of crime and offences make the authority to adopt initiatives and enhance security measures. Thus the design quality of the stations are improved. Higher security measures means higher detection of crime incidents.  However, the improvement in the stations design and security measures alone with low socio economic life at the surrounding areas, result in the higher detection of low level crime, e.g. vandalisms, anti-social behaviours etc. As a result, the crime rate might be found higher in spite of superior design quality of the stations and vice versa. 

Figure 2: Conceptual theorization of the high crime and high CPTED design quality 
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Overall the results suggest that this score card method is not appropriate to use in a cross-sectional comparison between crime rate and design quality. The score card method might be a valuable tool to assess the design quality before and after period of the design improvement of the stations, which could explore whether change in design influences crime. In addition, crime disaggregated into various types could provide changed relation with CPTED design quality across the station groups, as CPTED is not suitable to prevent or reduce all ranges of crime.
7. Conclusion

This paper has presented a comparison of the CPTED quality of train stations ranked by their crime rate. Scores received by the stations were analysed both at the aggregate and disaggregate level. Counterintuitively, the results shows that stations with higher crime rates had better CPTED design quality than stations with lower crime rates. For surveillance, access control, and motivation reinforcement dimension, a significant improvement of the score is possible by appointing railway staff for the stations with low crime rate. However, for the maintenance dimension the score across the three types of stations are found about similar. 

Future research will address relationship of different types of crime into disaggregated level and crime at various location of the stations with CPTED quality of the stations. The correlation between the quantitative design scores of the train stations with crime in the surrounding area and the presence various security features present at the stations will also be explored. The relationship of design quality and safety perception of the passengers will also be addressed in the future research.
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TABLE A1 Scale to Assess Surveillance Dimension of the Train Stations

	Surveillance

	Type: Formal

	Criteria: CCTV

	No
	Locations
	Scale
	Score
	Weight
	Max Score

	1
	Platforms
	Not present
	0
	
	

	
	
	No of Platforms covered
	1-10
	2


	20

	
	
	Area covered
	1-10
	
	20

	
	
	Maximum weighted score for platforms
	40

	2
	Ticketing area
	Not present
	0
	
	15

	
	
	No of ticketing area covered
	1-10
	1.5
	

	
	Entrance and exit point to the station
	Not present
	0
	
	10

	
	
	Area covered
	1-10
	1
	

	3
	Entrance and exit point to the platform
	Not present
	0
	
	10

	
	
	No of Platforms covered
	1-10
	1
	

	4
	Waiting area
	Not present
	0
	
	20

	
	
	Area covered
	1-10
	2
	

	Maximum total weighted score for CCTV
	95

	Criteria : Station office
	

	5
	Platforms
	Length visible
	1-10
	1
	10

	6
	Car Park
	Proportion Visible
	1-10
	0.5
	5

	7
	Waiting Area
	Proportion Visible
	1-10
	1
	10

	
	Maximum total weighted score for Station office
	25

	Maximum possible score for formal surveillance
	120

	Surveillance

Type: Natural

	Location: Car park

	No
	Criteria
	Scale
	Weight
	Max Score

	1
	Type
	0=Not surface parking;
	10= Surface parking
	0.5
	5

	2
	Business development

(Within 20m radius)
	0=Absent
	7.5= Facing 2 sides
	0.5
	5

	
	
	5=Facing at 1 side
	10= Facing more than 2 sides
	
	

	3
	Residential development

(Within 20m radius)
	0=Absent
	7.5= Facing 2 sides
	0.5
	5

	
	
	5=Facing at 1 side
	10= Facing more than 2 sides
	
	

	4
	Visibility from Platforms
	0=not visible
	7.5=About 80 %
	0.5
	5

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50 %
	
	
	

	5
	Visibility from waiting area
	0=not visible
	7.5=About 80 %
	0.5
	5

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50
	
	
	

	6
	Visibility from entrance points
	0=not visible
	7.5=About 80 %
	0.5
	5

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50 %
	
	
	

	Maximum weighted score for  Car park
	30

	Location: Platforms

	No
	Criteria
	Scale
	Weight
	Max Score

	7
	Visibility from car park
	0=not visible
	7.5=About 80 %
	1.5
	15

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50 %
	
	
	

	8
	Visibility from outside
	0=not visible
	7.5=About 80 %
	1.5
	15

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50 %
	
	
	

	9
	Visibility from other platform
	0=not visible
	7.5=About 80 %
	2
	20

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50 %
	
	
	

	Maximum weighted score for Platforms
	50

	Location: Entrance and exit point to the circulation/station area

	No
	Criteria
	Scale
	Weight
	Max Score

	10
	Visibility from waiting area
	0=not visible
	7.5=About 80 %
	0.5
	5

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50 %
	
	
	

	11
	Visibility from station office/staff
	0=not visible
	7.5=About 80 %
	0.5
	5

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50 %
	
	
	

	12
	Visibility from nearby street
	0=not visible
	7.5=About 80 %
	0.5
	5

	
	
	2.5=More than 25 %
	10=Entirely Visible
	
	

	
	
	5=About 50 %
	
	
	

	13
	Visibility from Platform
	0=Not visible
	10=From any location
	0.5
	5

	
	
	5=From some parts
	
	
	

	Maximum weighted score for Entrance and exit point to the circulation area
	20

	Location: Entrance and exit point to the platforms

	No
	Criteria
	Scale
	Weight
	Max Score

	14
	Visibility from waiting area
	0=Not visible
	10=Entirely Visible
	0.5
	5

	
	
	5=Partially visible
	
	
	

	15
	Visibility from station office
	0=Not visible
	10=Entirely Visible
	0.5
	5

	
	
	5=Partially visible
	
	
	

	16
	Visibility from nearby street/outside
	0=Not visible
	10=Entirely Visible
	0.5
	5

	
	
	5=Partially visible
	
	
	

	17
	Visibility from Platform
	0=Not visible
	10=From any location
	0.5
	5

	
	
	5=From some parts
	
	
	

	Maximum weighted score for Entrance and exit point to the platforms
	20

	Location: Ticketing area
	

	No
	Criteria
	Scale
	Weight
	Max Score

	18
	Visibility from station office
	0=Not visible
	10=Entirely Visible
	1.5
	15

	
	
	5=Partially visible
	
	
	

	19
	Visibility from Platform safety zone
	0=Not visible
	10=From any location
	1
	10

	
	
	5=From some parts
	
	
	

	20
	Visibility from outside (Car park/street)
	0=No     10=Yes
	
	0.5
	5

	Maximum weighted score for Ticketing area
	30

	Location: Waiting area
	

	No
	Criteria
	Scale
	Weight
	Max Score

	21
	Visibility from station office
	0=Not visible
	10=Entirely Visible
	1.5
	15

	
	
	5=Partially visible
	
	
	

	22
	Visibility from platforms
	0=Not visible       
	      10=From any location
	1
	10

	
	
	5=From some parts
	
	
	

	
	Transparent Materials
	0=No
	
	0.5
	5

	
	
	5=Yes
	
	
	

	Maximum weighted score for Waiting area
	30

	Maximum total weighted score for Surveillance
	300


TABLE A2 Scale to Measure Access Control and Motivation Reinforcement Dimension

	Access Control

	Location: Platforms
	
	

	No
	Criteria
	Scale
	Weight
	Max Score

	1
	Turnstiles
	0=Not at entry   10=Present at entry
	2.5
	25

	2
	Staff
	0=Not at entry    5=Present at office

10=Present at entry
	4
	40

	3
	Entrance/Exit
	0=More than 3 Locations;5=2 Locations;10=One Location
	1
	10

	Maximum weighted score for Platforms
	75

	Location: Station area
	

	4
	Entrance/Exit at each side
	0=More than 3 Locations  5=2 Locations 10=One Location
	.5
	5

	5
	Fencing
	0=Not present     10=Present
	2
	20

	Maximum weighted score for Station area
	25

	Maximum total weighted score for Access Control
	100

	Motivation reinforcement

	Criteria :CCTV

	No
	Location
	Scale
	Weight
	Max Score

	1
	Notification
	0=Not present
	10=Present
	1
	5

	2
	Platforms
	0=Not present
	10=Present
	1.5
	15

	3
	Waiting area
	0=Not present
	10=Present
	1.5
	15

	4
	Circulation area
	0=Not present
	10=Present
	0.5
	10

	5
	Entry/Exits
	0=Not present
	10=Present
	0.5
	5

	Maximum weighted score for CCTV
	50

	Criteria: PSO
	

	No
	Location
	Scale
	Weight
	Max Score

	6
	At station
	0=Not appointed
	10=Appointed 7 days
	5
	50

	
	
	5=Appointed on Weekdays/Weekends
	
	

	Criteria: Police booth/Station
	
	

	No
	Location
	Scale
	Weight
	Max Score

	7
	at station
	0=Not within .5 km radius
	7.5=Visible platforms
	1.5
	15

	
	
	5= Within .5 km radius
	10=Located just outside
	
	

	Criteria: Railway Staff
	
	

	No
	Location
	Scale
	Weight
	Max Score

	8
	at station
	0=Not appointed
	10= Appointed 7 days
	4
	40

	
	
	5=Appointed on weekdays
	
	
	

	
	
	5=During office hours
	10= Until last train
	4
	40

	Maximum weighted score for Railway Staff
	80

	Criteria : Alarm button

	No
	Location
	Scale
	Weight
	Max Score

	9
	At platform
	0=Not present
	10=Present
	1.5
	15

	
	
	5=Not near entrance
	10=Located near entrance
	.25
	2.5

	10
	At waiting area
	0=Not present
	10=Present
	.75
	7.5

	Maximum weighted score for Alarm button
	25

	Criteria : Lighting

	No
	Location
	Scale
	Weight
	Max Score

	12
	at Platforms
	0=Dark places( >9 spots); 

2.5= Dark places (7-9 spots);

5= Dark places (3-6 spots);

10= Dark Places(0-2 spots)
	2
	20

	14
	at Car park
	
	
	20

	16
	at Circulation area
	
	
	20

	18
	Access/egress routes
	
	
	20

	Maximum weighted score for Lighting
	80

	Maximum total weighted score for Motivation Reinforcement
	300


TABLE A3 Scale to Measure the Maintenance Dimension

	Maintenance

	Locations
	Indicators
	Scale of measure
	Weight
	Max Score

	Platforms
	Seats(nos)
	0=Discoloured ;  
	10=Not Discolour
	0.25
	10

	
	
	0=Scratches ;      
	10= No Scratch
	
	

	
	
	0=Damaged ;      
	10= No damage
	
	

	
	
	0=Graffiti present
	10=No graffiti
	
	

	
	Floor
	0=Graffiti present; 
	10=No graffiti
	0.5
	10

	
	
	0=Garbage/left over; 
	10= No Garbage/left over
	0.5
	

	
	Walls
	0=Graffiti present; 
	10=No graffiti
	1
	10

	Maximum weighted score for Platforms
	30

	Around station
	Trees
	0= height exceeds platform
	10=Not exceed
	1
	10

	Car park
	Walls 
	0=Graffiti all sides
	5=Graffiti at least 1 side
	1
	20

	
	
	10=No graffiti
	
	
	

	
	Floors
	0=Garbage; ( >70% area)      10= No Garbage
	0.5
	

	
	
	5=Garbage (15-69 % area)
	
	

	
	Signs
	0= not intact
	10=Intact
	0.5
	

	Waiting area


	Seats(nos)
	0=Discoloured ;  
	10=Not Discolour
	0.25
	10

	
	
	0=Scratches ;      
	10= No Scratch
	
	

	
	
	0=Damaged ;      
	10= No damage
	
	

	
	
	0=Graffiti present
	10=No graffiti
	
	

	
	Floor
	0=Graffiti present; 
	10=No graffiti
	0.5
	10

	
	
	0=Garbage/left over; 
	10= No Garbage/left over
	0.5
	

	
	Walls
	0=Graffiti present; 
	10=No graffiti
	1
	10

	Maximum weighted score for  Waiting area
	30

	Entrance to the platforms
	Graffiti/Garbage      


	0=Yes      


	10= No
	1
	10

	Circulation Area/lobby
	Graffiti
	0=Graffiti present
	10=No graffiti
	0.75
	10

	
	Garbage
	0=Garbage/left over;      


	10= No Garbage/left over
	0.25
	

	Amenities
	Bathrooms/lifts
	0=Doors have graffiti
	10=Does not have
	0.25
	10

	
	
	0=Walls have graffiti
	10=No graffiti
	
	

	
	
	0=Fittings are intact
	10=Damaged
	
	

	
	
	0=Not clean
	10=Clean
	
	

	Station outside wall
	Graffiti 
	0=A lot;   Moderate=5;     10=Absent 
	1.5
	30

	Surrounding walls/buildings
	Graffiti
	0=A lot;  Moderate=5;      10=Absent
	
	

	Miscellaneous
	Garbage bins
	0= absent
	      10= present at the station
	0.5
	10

	
	
	0= not cleaned daily
	      10= cleaned daily 
	
	

	Platforms
	Lighting
	Proportion working (Score=1-10)
	1
	40

	Car park
	Lighting
	Proportion working (Score=1-10)
	1
	

	Circulation area
	Lighting
	Proportion working (Score=1-10)
	1
	

	Access/egress routes
	Lighting
	Proportion working (Score=1-10)
	1
	

	Maximum total weighted score for Maintenance
	200


TABLE A4 Territoriality and Activity Support Measuring Scale

	Territoriality and Activity Support

	Territoriality

	No
	Criteria
	Scale
	Weight
	Max Score

	1
	Control marking
	Border
	0=Not clear

10=Clear(fencing)
	2
	20

	
	
	Station name
	0=No signboard

10=by signboard
	1
	10

	
	
	
	0=Absent at entrance

10=Present at the entrance
	2
	20

	
	
	Station car parking
	0= No signboard    5= Defined by signboard

10=At entrance +Signboard
	1
	10

	Maximum weighted score for Control marking
	60

	2
	Usage
	0=Presence of non-passengers  (homeless/young group)

10=Only passengers
	2
	20

	Maximum weighted score for Territoriality
	80

	Activity Support

	3
	Markings and signs provide clear idea and use of                                

10=Restrooms;     10=Circulation area;      10=Platforms;    10=Waiting area
	0.5
	20

	Maximum total weighted score for Territoriality and Activity Support
	100


Figure � SEQ Figure \* ARABIC �1�: CPTED score of the stations along with the component group








� We avoid naming station to avoid any stigma which may result from our research.





� PSOs are appointed at the selected stations in Melbourne from 6 pm until midnight. They are trained personnel for tackling any unexpected situation and impeding criminal activities at the stations to ensure safety and security of the passengers.
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