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Abstract

:

The elderly population is increasing rapidly. Understanding travel behaviour for this group of commuters (in terms of the trip purpose and travel time) is necessary for future transport planning. Many researchers are working on travel’s spatial and temporal analysis to provide operational decision making and transport network planning. This research study’s primary purpose is to identify the influence of trip duration (using public transport), time of the day (usage of public transport), and public transport (PT) accessibility over public transport mode preference by elderly (over 65 years of age) commuters. The methodology of this study is divided into two parts as spatial analysis and temporal analysis. The research identified the dependency of trip duration, time of the day, geographical areas, and PT access over transport mode preference of elderly. The temporal study shows that transport mode preference can vary depending on trip purposes. However, for specific trip durations and times of the day, the elderly sometimes choose PT as a mobility mode. For instance, on shopping trips between 10:00 and 11:00 a.m., the elderly have a greater possibility of choosing public transport over private vehicles. Moreover, the results show the public transport mode preference based on different times of the day and trip purposes. Urban and transport planner can use the results to modify/plan public transport schedule, which can be easily accessible by the elderly population.
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1. Introduction


The elderly population is increasing rapidly. Around 8.5 percent of the total population is aged 65 and over worldwide. The number of the elderly population is expected to double again by 2050 (projected to reach nearly 2.1 billion). [1]. Ageing can face different challenges in mobility and transport. Mobility and transport play an essential role in urban development [2]. In general, the elderly in this generation is more active than the previous generation of the elderly. Public transport (PT) can play a significant role in mobility, while their driving skills are decreased [3]. Proper distribution of various transportation modes increases urban life quality [4]. An accessible, reliable, and affordable public transport maintains urban growth [5]. Easy access to the transport system helps the elderly access goods, services, and other targeted facilities without much hassle. The public transport demand and usage towards different destinations are influenced by travel time and location [6]. Understanding the trip duration and the distance between trip origin and destination is essential to plan for the future transport network [7]. Spatial-temporal analysis of travels provides information for operational decision making and network planning [8]. Spatial analysis is necessary to understand the relation between transport demand and availability. In the last few decades, spatial–temporal data analysis with a geographical information system becomes popular to understand transport access graphically [9,10]. Spatial analysis of travels can identify transport systems’ performance in urban areas [11]. Space–time travel patterns may depend on individual commuters’ travel behaviour, including social, economic, and household specification backgrounds [4,12]. Many researchers are working on other adults’ travel behaviour. Older commuters’ travel behaviour is different from other adults [13]. The reason might be they lead a different life schedule than other working adults. For example, the elderly generally travel off-peak hours (apart from busy travel time), walking speed is slower, need assistance, limited mobility, and avoid travel mode change. For this reason, the elderly travel-related study needs to be separated [14]. Many previous studies on elderly transport focused on urban growth and public transport access [15,16,17,18,19,20,21]. There is a research gap for identifying elderly transport demand and supply. Limited studies have focused on elderly transport mode choice preference based on travel duration and time of travel.



In this research, Melbourne, Australia, is considered a case study. Transport infrastructure is developing rapidly in the Melbourne metropolitan area. The urban growth of Melbourne is increasing with the expansion of the public transport network. This paper aims to present a spatial–temporal analysis of the observed elderly public transport mode preference (private transport vs. public transport) based on travels time (using a PT mode) and PT availability. This study analyses the spatial–temporal relationship between urban public transport (bus/tram and train) availability, travel duration, time of the day, trip purposes, PT coverage, and transport mode preferences for the elderly. According to the Australian Parliamentary document, people aged 65 are considered elderly [22]. The study uses the elderly travel datasets to observe the elderly trip patterns. The study uses a geographic information system software (ArcMap) and statistical software package (SPSS) to analyse travel behaviour. Spatial hotspot analysis and bivariate correlation method are applied to observe the elderly travel behaviour influence. Hence, the objectives of this study are to answer the following questions.



	
Is there any spatial dependency between elderly travel time duration and choice of transport mode?



	
What times during the day are the elderly choosing PT over private transport?



	
Do the trip hotspots vary during the weekdays and weekend?






This paper is structured as follows: The following section summarises previous research related to transport and spatial–temporal analysis. Section 3 describes the study area and the data set used in this study. Section 4 introduces the bivariate correlation and hotspot analysis methodology. Section 5 continues with the results and discussion. Section 6 points out the conclusions with directions for future research.




2. Literature Review


With the increase of the older population, “active ageing” is being discussed by many researchers. Active ageing studies widely address the issues that the elderly face in everyday social life [23,24,25]. Elderly faces loneliness and social isolation. Several studies recommended regular out-of-home travel to engage with friends and the broader community to counteract social isolation for the elderly. One of the significant issues that the elderly face is the transport problem. Elderly mobility decreases with the decrease in their physical strengths and the changes in their driving capability. Thus, public transport becomes one of the critical modes of transportation. The elderly generally travel a short distance with less travel frequency than the younger adults [26,27,28,29]. The elderly mostly travel during a midday peak and daylight hours. Most older people make their trips between 9:30 a.m. and 3 p.m. [15].



Numerous studies have focused on elderly travel behaviour in comparison with younger adults. A study by Pettersson and Schmöcker [15] indicates that the elderly spend more time in recreational activities such as shopping and leisure than other younger adults. This study mentioned that elderly travel is influenced by individual, household, and neighbourhood characteristics. Moreover, several studies discussed index-based accessibility for elderly travel and trip purposes [16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34]. Researchers explained accessibility indices into different classes and themes [35], such as time based, or distance based. However, Handy and Niemeier [36] mentioned that the best approach in measuring accessibility does not exist. Transport accessibility measures can identify the issues to improve the overall transport system and infrastructure. The different public transport mode access level influence commuters’ travel behaviours.



Several researchers also analysed spatial–temporal patterns of elderly travel and data visualisation techniques [37,38,39,40]. These studies examined elderly trip generation, trip distance, trip length, choice of specific modes, etc. [41]. Several studies analysed elderly trip distance and travel mode choice preferences [26,42,43,44,45]. The relationship between geographic location and the time of travel or travel duration based on elderly travel purposes is not widely discussed. Some studies focused on elderly travel behaviour based on spatial characteristics [45,46]. Sylvia et al. [47] applied spatial analysis for elderly trips for work purposes. In another study, Szeto et al. [29] focused on the spatial and temporal dynamics of older people’s daily travels in Hong Kong. They identified that higher population areas have a higher trip rate. A study by He et al. [48] showed that trip departure time of the elderly is mainly distributed between morning peaks and afternoon peaks. A study by Cui et al. [18] pointed out after analysing elderly travel characteristics and the need for private vehicles in a car-dependent society. In the case of the unaffordability of private vehicles, the elderly prefer walking [49] or public transport (especially those who live nearby the public transport stop/stations) [16]. Böcker and Thorsson [50] examined that complex weather conditions are also a key factor in elderly travel behaviour. A research study by Liu et al. [51] compares the travel mode choice behaviour between young and elderly travellers specifically for train travel. A built-in environment and land-mix use are another key aspect related to elderly travel, and mode choice studies are discussed widely [52,53,54,55,56,57]. Somenahalli and Taylor [58] highlighted several factors related to elderly public transport access, especially buses. Recently, Somenahalli et al. [59] discussed the transport and mode preference of older South Australia commuters. This study examined Japan’s transport policy for the elderly which can be beneficial and applicable in Australia to ensure better mobility for the elderly. Another study by Lin et al. [60] provided a detailed spatial analysis of elderly train access based in Perth, Australia. All these studies provided essential contributions to the field and improved our understanding of the travel characteristics of the elderly. The common findings of these studies with the increase of age and private vehicle dependency increases. These studies offer suggestions for urban planners and policymakers. Most of the existing spatial–temporal studies did not discuss elderly transport mode preferences and evaluate the trip pattern (travel duration, time of travel or trip purpose). Moreover, comparing the elderly mobility on weekdays and weekends [61] is ignored. Most of the literature discussed elderly spatial–temporal travel behaviour for weekdays. This study intends to contribute to fulfilling these limitations.




3. Study Area and Data Description


As mentioned previously, metropolitan Melbourne, Australia, is considered to be the case study in this research. The elderly public transport travel data sets in the Melbourne metro area are reviewed for this study. Melbourne is the capital city of Victoria State, Australia. It is a hub for intercity, intracity, and regional travels. Melbourne is facilitated with the second-largest freeway network in Australia. Moreover, public transport is a vital part of everyday mobility in metropolitan Melbourne. Melbourne public transport system is combined with the bus, train, and tram (the world’s largest tram network). In this study, people aged 65 and over are considered elderly [62]. According to the Australian Bureau of Statistics (2016) [63], 15.8% of the total population is aged 65 and over in Victoria. In the Greater Melbourne region, people aged 65 and over are 14% of the total population. Different sets of data are used to finalise the analysis as follows.



3.1. Household Survey Data


Household survey datasets are considered for this study [64,65]. A detailed survey by the Victorian Integrated Survey of Travel and Activity (VISTA) (2016) [66] provides trajectory datasets to help government make better transport and planning decisions. VISTA data contains the trip purpose, travel duration, trip time of the day, transport mode, and trip information during weekdays/weekends as a temporal database. Geospatial location and statistical area are also mentioned in the spatial database. Randomly selected households are asked to complete the VISTA travel diary for a single specified day. Around 46,563 travel responses for weekdays and weekends are documented in Melbourne and Geelong (Geelong is another major city in Victoria). Among these 46,563 responses, 7029 responses are from the elderly population. The travel mode for most of the elderly is not documented in detail. The reason might be that, sometimes, senior people are more sensitive to sharing information. Datasets are analysed using statistical software SPSS. According to VISTA data (2016), 83% of Melbourne elderly prefer private transport, primarily drivers. The rest (around 14.3%) of Melbourne elderly use public transport mode, including trains, trams, or public buses.




3.2. Trip Characteristics


Many trip influential datasets are analysed for this research study. The datasets examined as follows:




	
Trip Purpose








Trip purposes are generally categorised as shopping, health care centres, recreation, education, work, personal business, etc. For this study, the three mostly travelled trip purposes travelled by the elderly, including shopping, education pick up/drop off, and recreation, are considered. Trip purpose data is separated from VISTA using statistical software SPSS. VISTA datasets contain information regarding the total number of trips towards each destination.



	
Trip time of the day






The day’s trip time (separated from VISTA data) represents whether the travel is on weekdays or weekends. For each day of the week, the trip is distributed according to 24 h. The trip time of the day is analysed for three destinations and transport mode in this research.



	
Trip duration






A detail of trip duration is analysed from the VISTA database. The trip duration mentions the trip time for a specific trip purpose using public/private/walking mode. The trip duration is categorised by min intervals, such as 0–4, 5–9, 10–14, 15–19, etc. For example, a travel duration between 0–4 min, whether the elderly is using PT or private transport towards a shopping centre, is examined.




3.3. Point of Interest (POI) and Public Transport (PT) Coverage


A database of POIs (2017) [67] was collected from the Australian Urban Research Infrastructure Network (AURIN). AURIN is a resource and analytical tool that provides access to different datasets with geographical location information. The geographical location information of three specific POIs, including shopping centres, education centres, and recreation centres, are separated for this study.



The public transport coverage database is collected and analysed using various government data sets and open sources. There are around 300 bus routes, 24 tram routes, and 16 metro train lines operating all through Melbourne. Figure 1 and Figure 2 shows the distribution of public transport stops/stations coverage and three major POIs within the Greater Melbourne area.



Figure 1 and Figure 2 inner Melbourne part is more accessible in terms of PT (train, tram, and bus) availability and POIs number. From Figure 1, public buses cover a large area of greater Melbourne. The tram network is mainly spread through the central business district (CBD). The train network is distributed towards inner to outer suburbs. Similarly, shopping centres are lower in quantity towards the outer Melbourne areas.





4. Methodology


The methodology for this study comprises two parts. The first part is the spatial analysis, and the second part analyses the temporal behaviour of elderly travel. Figure 3 represents the methodology flowchart for this study.



The methodology for this study comprises two parts. The first part is the spatial analysis, and the second part analyses the temporal behaviour of elderly travel. Figure 3 represents the methodology for this study. The bivariate Pearson correlation test is used to observe the linear relationship between the elderly trip duration, trip time of the day, and the number of trips for each trip. If the variables are correlated, there is a high chance they are dependent on each other. The Getis–Ord Gi hotspot analysis method identifies the relation between trip duration and elderly transport mode choice preferences.



4.1. Bivariate Pearson Correlation


The bivariate Pearson correlation presents a correlation coefficient. This coefficient measures linear relationships’ strength and direction (whether increasing or decreasing) between variables. The test expresses the linkage between variables by values between −1 and +1. A positive correlation coefficient value indicates a positive relationship between the two variables (co-related), while a negative value indicates a negative significant (not related) relationship. The bivariate Pearson correlation considers the standard deviation of variables. This method (applying statistical software SPSS) indicates the correlation between trip purpose, trip duration, and trip time of the day. For a pair of variables, the bivariate standard correlation (r) formula is present in Equation (1).


  r =   n (   ∑     x y ) − (   ∑     x ) (   ∑     y )     [ n   ∑      x 2  − (     ∑     x  ) 2  ] [ n   ∑      y 2  −   (   ∑     y )   2     ]    



(1)




where r = bivariate Pearson coefficient, n = the sample size, x = elderly travel time of the day/Trip duration, and y = elderly travel mode preference.




4.2. Hotspot Analysis (Getis–Ord Gi* Statistic Method)


Many researchers analyse data over space and time to understand the transport supply availability and users’ behaviour. Hotspot analysis is a spatial analysis and mapping technique to identify clustering of spatial phenomena. The cluster-based classification method is an accepted method for spatial and temporal travel behaviour analysis [68]. Previous studies conducted different cluster-based methods to analyse travel behaviour and travel mode choice [69,70,71,72,73]. A hotspot can be defined as an area that has a higher cluster level of activity/access. Hotspot analysis identifies significant hotspots (higher value) and cold spots (lower value) in data. The hotspot analysis tool calculates the Getis–Ord Gi* [71,74] statistic for each variable in a dataset. The z-scores and p-values results indicate the high- or low-value clusters spatially and identify the need to accept or reject the null hypothesis. The hotspot analysis tool works by looking at each feature within the context of neighbouring elements. An element with a higher value may be a statistically significant hot spot. To be a statistically significant hot spot, a feature has a high value and is surrounded by other features with high values. For elderly travel, the day and trip duration are the critical factors for choosing a transport mode. In this research, hotspot analysis for transport mode choice is done using ArcMap statistical analysis tools. Hot Spot analysis using Getis–Ord Gi*, the statistical method, is present in Equation (2).


   G i *  =     ∑   j = 1  n   w  i , j   −  X ¯    ∑   j = 1  n   w  i , j          [  n   ∑   j = 1  n   w  i , j   2           −    (    ∑   j = 1  n   w  i , j    )   2   ]    n − 1    S     



(2)




where xj is the attribute value (trip duration) for feature j (transport access towards the POIs), wi,j is the spatial weight between origin and destination; and n is the total number of samples.


    X =  ¯      ∑   j = 1  n   x j   n   



(3)






  S =       ∑   j = 1  n   x j   n    −    (  X ¯  )   2   



(4)









5. Results and Discussion


5.1. Bivariate Correlation Analysis Result


The correlation test is used for both weekdays and weekends. Table 1 shows bivariate Pearson correlation results for the trip duration, trip time, and three specific trip destinations (shopping centres, education centres, and recreation centres).



From Table 1, the significant value (Sig) is less than 0.005 for all cases, indicating that all variables are statistically significant. This table indicates positive correlations (r-value) between shopping centre trip number and trip duration. The day’s travel time also shows a positive correlation (r-value) with the shopping centre weekday and weekend trip number for the elderly. Nevertheless, for education and recreation centres, the result shows a negative correlation (r-value) for both weekday and weekend. The reason may be because, for education centres, the trip duration and trip time day are particular. Trips to education centres occur either in the morning peak or afternoon peak.



Similarly, for recreation centres, the travel patterns are not fixed. Elderly travel for recreation purposes is not specified for a limited trip duration or time of the day. Moreover, the results indicate that different trip purposes are diversely correlated according to the day’s trip duration/time.




5.2. Temporal Analysis


A time data analysis result is presented in Table 2. Table 2 presents the elderly transport mode preference in percentage and the trip purpose. For both weekdays and weekends, the result shows a similar pattern. The time group indicates the trip duration. The entire time group is divided into four classifications. Time group one is the travel duration between ‘0–9’ min, time group two is ‘10–24’ min, time group three represents ‘25–44’ min of travel, and more than 45 min trip duration is classified as group four. For each POI, the relation between trip duration and transport mode preference is observed considering weekdays and weekends.



From Table 2, the private transport preference rate increases with the increase in trip duration. For a trip destination of shopping centres, the elderly prefer private transport modes if the trip duration is between ‘0–9’or ‘24–44’ min. However, public transport preference for education and recreation centres is very low (in some cases less than 1%) among the elderly. Moreover, the elderly have a lower percentage of private transport usage for both education and recreation centres, specifically for time groups 1 and 2. In these two-time groups, the elderly probably use walking (or other modes of transportation, VISTA 2016) as a mode of transport since the trip duration is comparatively shorter. However, the elderly PT usage decrease for all three POIs for any trip durations at weekends.



Temporal distribution analysis based on time of the days, travel purposes and transport mode preferences are presented in Figure 4, Figure 5 and Figure 6. The analysis results are separated according to weekdays and weekends. From Figure 4 and for the shopping trip purpose, the highest amount of elderly travel occurred between 10:00 a.m. and 11:00 a.m. on both weekdays and weekends. On weekdays, the elderly mostly travel to shopping centres using a private mode of transport over PT. However, over weekends and between 10:00 a.m. and 11:00 a.m., the elderly prefer PT as a transport mode. A similar pattern can be observed for trips to shopping centres from 5:00 p.m. to 6:00 p.m. over weekends. During this time of the day, the elderly choose PT over the private transport mode between 5:00 p.m. and 6:00 p.m.



Figure 5 illustrates the relationship between the time of the day, travel to education centres, and transport mode preference.



The highest amount of elderly travel towards education centres mainly occurs between 2:00 p.m. and 3:00 p.m. during weekdays. Similar to shopping trips, the elderly’s first preference for travels to education centres is private vehicles. However, a significant percentage of elderly choose PT for the trip time range of 12:00 p.m. to 2:00 p.m. During the weekend, education trips mainly occur between 10:00 a.m., and 11:00 a.m. Although, around 10:00 a.m. and 6:00 p.m., the elderly prefer PT over private vehicles.



Figure 6 illustrates the relationship between time of the day, travels to recreation centres, and transport mode preference. From Table 2, the elderly mostly choose private vehicles for travels with recreation purposes during weekday and weekends. However, if the trip time (weekdays) is between 12:00 p.m. and 2:00 p.m., there is a greater possibility to choose PT than the private mode. Similarly, over weekends, if the recreation travels happen around 5:00 p.m., the elderly prefer PT for mobility. Furthermore, during weekends, the elderly like PT for recreation travels between 10:00 a.m. and 11:00 a.m.



Table 3 compares female and male transport mode preferences (in numbers) during weekdays and weekends. According to Table 3, the female elderly has slightly higher PT preference than the male elderly during weekdays.




5.3. Discussion


This research identifies spatial and temporal dependencies between the elderly mode preference (specifically PT), trip time, and neighbourhood areas. According to the results, the reliance is greater mostly during the morning peak time (between 10:00 a.m. and 11:00 a.m.) or afternoon (between 5:00 p.m. and 6:00 p.m.). In addition, lower trip duration has a strong correlation with choosing PT over the private mode of transport. However, these results vary depending on trip purposes. In travel to shopping centres, the elderly mostly prefer private mode over PT for both weekdays and weekends. To reach shopping centres, the elderly might need to change PT mode (such as buses and trams) as the destination might not be directly reachable. This might be one of the reasons the elderly prefer private transport to PT during a shopping centre trip. In addition, the type of shopping trips can influence the elderly’s transport mode preference. For example, if the elderly are planning grocery or heavy items, they might prefer driving or other private vehicles (taxi/Uber). During the weekend, the elderly sometimes choose PT over private vehicles depending on trip time and trip duration. However, this pattern is mainly observed in the inner parts of the Greater Melbourne neighbourhood. There may be a correlation between PT service availability and usage. There is a greater possibility of having a positive correlation between the demand and supply of the PT system/network for this specific travel time.



For the education and recreation centres trips, the elderly mode preference is slightly different from the shopping centre travel behaviour. The private vehicle usage percentage is lower than the shopping centre travel, specifically in short distances. Most of the trips with educational purpose and travels to recreation centres are closer to the origin point (home/start point). These two destination types are sometimes can be covered by walking. This might be a reason for the low percentage of using private vehicles by the elderly. From Figure 5b, the elderly highly use PT around morning and afternoon peak to reach education centres on the weekend.



It should be noted that some extra activities over the weekend are also considered as trips with an educational purpose. The elderly are often involved with these types of activity. The reason to choose PT as a transport mode may be the location of the activity/destination. From the spatial analysis results (Figure 7b), inner Melbourne has higher PT usage and higher PT access/coverage (Figure 1 and Figure 2). There is a higher possibility of having a flexible and comfortable journey with lesser waiting time during weekend educational trips (between 10:00 a.m. and 11:00 a.m.; and 5:00 p.m. to 6:00 p.m.). In addition, from Table 2, weekends’ private transport usage is slightly lower than weekdays for trips to education centres. For trips to recreation centres, a higher percentage of elderly choose PT in the middle of the day on weekdays. Like shopping centre travel, PT timetable and access may match the elderly travel demand to recreation trips. Elderly trip behaviour does not differ in gender. Both female and male elderly have similar travel patterns and transport mode preferences towards various destinations.




5.4. Spatial Analysis


Cluster mapping techniques often used to identify distribution/coverage patterns of specific variables. Many studies use ArcMap to analyse cluster mapping. In this study, a hotspot analysis using the Getis–Ord Gi* statistic method is applied to identify the relationship between trip duration and transport mode preference for the elderly. A colour gradient indicates a specific Z-score. Figure 7a,b illustrates the hotspot analysis results using ArcMap statistical tool. The figures represents spatial relation between trip duration, transport mode choice, PT coverage, and greater Melbourne neighbourhood over weekdays/weekends. Figure 7 shows a relationship between trip duration, neighbourhood area/location, and elderly transport mode choice. The cold spots presented in blue-coloured shed represent lower density, while red sheds indicate higher density. According to Figure 6a, the Melbourne elderly select PT as their mode of transport, mainly in inner Melbourne (coloured in a red shed) if the trip duration is between 0–9 and 24–44 min, over weekdays. However, the elderly in Melbourne’s outer neighbourhood has almost no preference for PT usage during weekday travels. The elderly in Melbourne’s middle parts have a higher interest in the private vehicle for specific trip durations.



Furthermore, weekend travels show a similar pattern to weekday travel. Figure 6b illustrates elderly weekend travel density, comparing trip duration and transport mode preferences. Similar to weekdays, the elderly in the inner Melbourne neighbourhood prefer public transport for specific trip durations. The density pattern changed in outer Melbourne neighbourhoods, where PT coverage is lower.





6. Conclusions and Future Research


The explanation of travel demand and service analysis is not always straight forward [75,76]. This paper analysed the elderly travel behaviour with time and neighbourhood spatial access to observe the objectives. The household trip survey information is used to analyse the elderly trip patterns and behaviour. The hotspot analysis method is adopted to identify elderly spatial travel and transport mode preferences. Greater Melbourne is considered as a case study to observe the travel. The results show that elderly travel behaviour is not consistent for all trip purposes. If the trip destination is close to the trip origin, the elderly sometimes avoid private vehicles. The preference for transport mode choice pattern is related in both weekdays and weekends for all trip purposes.



Moreover, the trip time of the day and trip duration has a significant influence on the elderly’ preferred transport mode towards POIs, specifically for PT. Based on the temporal analysis results, it can be identified that the elderly show a substantial interest in PT usage towards various destinations. If the PT is available and accessible, the elderly are more likely to use this mode of transport for longer trip durations. The spatial–temporal analysis results can be used for future planning and implementation for transport network design, future PT route design, and timetable distribution. To encourage the elderly with PT usage, transport network and, more specifically, the bus network can be designed and modified according to the travel patterns and travel behaviour. For example, a separate bus service can be scheduled for the elderly based on the travel time (time of the day) or PT usage within a travelled area. Several researchers introduced demand- and response-based transport models all around the world [77,78,79]. However, the influence of gender over spatial and temporal travel behaviour could not be identified from the available datasets. More specific data collection can be done to conduct elderly gender-based cluster travel behaviour in future research. Moreover, this study did not analyse older commuters’ walking and private transport preferences. This study also focused on three trip purposes. The current study can be extended by considering the other trip purposes for the elderly.
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Figure 1. Public transport coverage in Greater Melbourne. 
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Figure 2. POIs coverage in Greater Melbourne. 
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Figure 3. Methodology for spatial–temporal analysis. 
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Figure 4. Travel time of the day and transport mode preference for shopping centres. (a) Shopping centre travel (weekdays); (b) shopping centre travel (weekends). 
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Figure 5. Travel time of the day and transport mode preference for education centres. (a) Education travel (weekdays); (b) education travel (weekends). 
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Figure 6. Travel time of the day and transport mode preference for recreation centres. (a) Recreation centre travel (weekdays); (b) recreation centre travel (weekends). 






Figure 6. Travel time of the day and transport mode preference for recreation centres. (a) Recreation centre travel (weekdays); (b) recreation centre travel (weekends).



[image: Sustainability 13 04752 g006]







[image: Sustainability 13 04752 g007 550] 





Figure 7. Spatial distribution of trip time and elderly transport mode preference. (a) Hotspot analysis for mode preference, weekdays. (b) Hotspot analysis for mode preference, weekends. 
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Table 1. Bivariate correlation results.






Table 1. Bivariate correlation results.





	
POIs

	
Statistic Description

	
Trip Duration

	
Time of the Day

	
Trip Duration

	
Time of the Day




	
Weekdays

	
Weekends






	
Shopping Centres

	
Pearson correlation (r)

	
0.631

	
0.531

	
0.661

	
0.544




	
Sig (2-tailed)

	
0.000

	
0.000

	
0.000

	
0.000




	
Education Centres

	
Pearson correlation (r)

	
−0.120

	
−0.231

	
−0.129

	
−0.131




	
Sig (2-tailed)

	
0.000

	
0.002

	
0.000

	
0.002




	
Recreation Centres

	
Pearson correlation (r)

	
−0.120

	
−0.128

	
−0.114

	
−0.128




	
Sig (2-tailed)

	
0.000

	
0.000

	
0.000

	
0.000








Total sample size, n = 7029.
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Table 2. Summary results of elderly time group and transport mode preferences.
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Day

	
POIs

	
Time Group *

	
Public Transport (%)

	
Private Transport (%)






	
Weekday

	
Shopping

	
1

	
6.0

	
85.0




	

	
2

	
2.0

	
90.0




	

	
3

	
5.0

	
91.0




	

	
4

	
2.0

	
97.0




	
Education

	
1

	
1.0

	
85.0




	

	
2

	
1.0

	
87.0




	

	
3

	
2.0

	
95.0




	

	
4

	
2.0

	
97.0




	
Recreation

	
1

	
<1.0

	
30.0




	

	
2

	
1.0

	
50.0




	

	
3

	
1.0

	
90.0




	

	
4

	
1.0

	
93.0




	
Weekend

	
Shopping

	
1

	
4.0

	
94.0




	

	
2

	
1.0

	
98.0




	

	
3

	
2.0

	
95.0




	

	
4

	
<1.0

	
93.0




	
Education

	
1

	
<1.0

	
92.0




	

	
2

	
<1.0

	
93.0




	

	
3

	
<1.0

	
96.0




	

	
4

	
<1.0

	
96.0




	
Recreation

	
1

	
<1.0

	
87.0




	

	
2

	
<1.0

	
94.0




	

	
3

	
<1.0

	
93.0




	

	
4

	
<1.0

	
96.0








* Time group, 1 = 0−9 min, trip group 2 = 10–24 min, trip group 3 = 25–44 min, and trip group 4 = 44+ min. Total sample size, n = 7029.
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Table 3. Transport mode preference based on gender.
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	Days
	Gender
	Private Mode
	Public Mode





	Weekdays
	Female
	1845
	166



	
	Male
	1863
	120



	Weekend
	Female
	563
	38



	
	Male
	619
	43







Total sample, n = 7029.
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