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Abstract

:

Physical neighbourhood environments (PNE) can affect the active ageing and physical wellbeing of older residents. This paper examined the PNE objective (PNEO): land use mix entropy, population density, traffic intersection density and distance to facilities; and PNE subjective (PNES): the Neighbourhood Environment Walkability Scale-Abbreviated (NEWS-A): and their relationship with the physical activity (PA) levels of older residents. The PA was measured using an IPAQ questionnaire on 280 older residents in neighbourhoods in the city of Johor Bahru, Johor, Malaysia. Cross-tabulations and correlation analyses were conducted to analyse the significant relationships. It was found that PNEO and PNES in the different housing environments influenced the PA levels of the late middle-aged and young-old adults, that the distance to facilities such as mosques and recreation areas should be less than 200 metres, and that high population density areas in Malaysian neighbourhoods are unsuitable for active ageing lifestyles because of the construction of physical barriers. This research identified the PNEO and PNES indicators for the promotion of an active ageing lifestyle in older residents, which could assist in improving existing housing policies and guidelines on active ageing in Malaysian neighbourhoods.
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1. Introduction


The United Nations defined a society as ageing when 15% of the country’s population were aged 60 years and above. Globally, because many developed nations have ageing populations, they are having to deal with social transformations that affect all sectors of development. Japan, which has the highest ageing ratio in the world, has now been classified as a super-aged society. Ageing populations are also becoming a major challenge in developing countries such as Malaysia, with 7 percent of the population expected to be over 60 in 2020, and 11 percent by 2030 [1]. Ageing populations are a major challenge for low- and middle-income countries because of the rise in age-related non-communicable diseases [2]. Global health projections [3] also indicated that as an upper-middle-income country, Malaysia will experience a gradual increase in mortality caused by non-communicable diseases from 84.3% in 2016 to 89.9% in 2045. Therefore, an effective approach to promoting active ageing lifestyles in older adults is needed to cope with this trend.



Active ageing refers to active community engagement that promotes a healthy lifestyle in older people and retirees to improve their quality of life, increase their physical fitness, reduce health problems and prolong life. Generally, people’s physical functions deteriorate with age, making older people less active and less mobile [4], which tends to lead to physical inactivity, as has been found in 48.8% of Malaysian men and women aged 60 years and above [5].



To deal with the problems associated with physical inactivity, the WHO developed an active ageing framework that empowers older people’s physical, social and mental health through community engagement [6]. Physical activity (PA) can be assessed from several active ageing indicators related to the economy, health and social services, behaviour, personal circumstances, social surroundings and the physical environment [6]. It has been found that older adults who participate in social and physical activities have higher self-satisfaction and confidence, a lower level of hospitalisations and a decreased likelihood of early mortality [7]. Risk of obesity can be reduced among older adults who regularly participate in physical activities such as physical transportation activities (walking or cycling to destinations), physical occupational activities, indoor and outdoor household chores and daily sports and recreation activities [6,8]. On the other hand, social activities such as interaction with neighbours and participating in community activities were also known to influence the elderly’s extent of PA level [9].



Urban settings have been found to influence older people’s daily activity levels [8]. In particular, the surrounding neighbourhood environment can influence the extent to which local residents engage in healthy active ageing activities [10,11]. Physical neighbourhood environments (PNE) can be measured objectively and subjectively. The objectively-measured PNE (PNEO) is the observable and measurable real-time data related to the physical characteristics of the neighbourhood environment, which can be obtained and analysed from either direct observation or secondary GIS data. Physical activity (PA) can also be measured objectively through questionnaire surveys on local residents. However, subjectively-measured PNE (PNES) is the perceived and subjective opinions of the general population about their surrounding neighbourhood environment. While both these measures are interdependent [12], it is also important to explore the underlying assumptions that may influence the PA levels in older adults [13,14,15].



While active ageing has become well-established in most policy frameworks in developed countries, it is less recognised in developing countries such as Malaysia. However, while Malaysia does promote active ageing in its revised National Policy and Plan of Action for Older Persons, 2011 [16], the context is general with few specific actions proposed and little focus given to the influence of the physical neighbourhood environment (PNE) on older people’s physical activity (PA) level. It is consequential to cultivate the active ageing concept in Malaysia’s housing sector through the promotion of physical neighbourhood characteristics. However, even though the PNE has been found to be objectively and subjectively associated with PA in older adults, there have been no studies on the influence of the objective physical characteristics of the neighbourhood environment using real-life data (PNEO) in the local Malaysian neighbourhood context. Therefore, the objective of this paper was to analyse the relationship between the objective and subjective PNE measures and PA, and identify the measures that could be adapted into Malaysian housing policy or guidelines. The findings from the study contribute to existing knowledge and could assist in the development of active ageing neighbourhood environment or urban planning housing policy guidelines in Malaysia.




2. Literature Review and Research Design


2.1. Formulation of Conceptual Model


Several studies have found that PNEO directly influences the PA level of older adults. A study conducted in Singapore found that the PNEO measured as an accessibility index and a walkability index significantly influenced the PA level as measured through health status and clinical measures [13]. Similarly, a study in Japan found that the neighbourhood walkability index, which was defined using PNEO measures such as residential density, street connectivity, land use mix and the availability of parks and green space, significantly influenced the PA level of older adults [17]. Accessibility indices are usually measured by combining the values and weights from PNEO measures such as residential density, street connectivity and land use mix [13,18] and walkability indices are usually measured by the proximity to community facilities [13]. While most PNE studies have used the walkability and accessibility indices to determine the influence of PNEO on PA, to determine which of these measures were significantly related to the PA level of the older adults, this study specifically referred to each PNEO measure and did not rely on a PNEO index.



Other studies have found that PNEO measures such as land use mix entropy [19,20,21], population density [19,21,22], traffic intersection density [13,23,24,25,26] and proximity to recreation areas [26,27,28] influence the PA levels of older adults. While these types of PNEO measures are reliable in representing the objective physical characteristics of the neighbourhood environment that can strongly influence the PA level in older adults, in some cases, local considerations are also needed. For example, in this study, an additional PNEO measure, the proximity to the mosque, was added as it was hypothesised that this also was directly related to the PA of Malaysian older adults. This was because older Muslim Malaysian adults tend to spend their free time in leisure and spiritual activities, which is considered an important type of PA as they spend more time performing formal and informal spiritual learning activities, with many attending religious activities and social activities at the mosque [29]. Therefore, it was hypothesised that older adults living nearer to the mosque would have a higher PA.



The PNES measures were based on the Neighbourhood Environment Walkability Scale- Abbreviated (NEWS-A), which includes the perceived measures of the neighbourhood environment. This scale was considered suitable as many past studies in diverse settings have established a connection between perceived PNE and PA in older adults [26,27,28,29,30,31]. Past studies have also found that perceived PNE (PNES) measures such as perceived residential density [13,27,32], land use diversity [13,27,32,33,34], accessibility [13,32,34,35], street connectivity [13,32], infrastructure for walking and cycling [34,36], neighbourhood aesthetics [13,32,37], safety from traffic hazards [30,32,34,37] and safety from crime [30,34,37,38] were significantly associated with PA. In addition, single-question item PNES measures such as lack of parking [39], lack of cul-de-sacs, hilliness and physical barriers have also been found to have a significant association with PA in older adults.



To date, few studies have examined active ageing in Malaysia [40,41] and the impact of the PNES on older adult active lifestyles in Malaysia [27,35,42,43,44,45], and there have been no studies on the possible relationships between the objective PNE measures (PNEO) and the PA level in young-old adults in Malaysia. As research in Malaysia has also found a relationship between PNES and PA, it was anticipated that these measures also influenced the PA levels of older Malaysian adults. Therefore, this study hypothesised that PNEO characteristics directly affect the level of PA in older adults and that the PNES characteristics indirectly affect the PA level depending on the distinctive physical characteristics of each neighbourhood. The distinctive physical characteristics for each neighbourhood in this study were defined as small-scale physical features such as road medians, main roads with no pedestrian crossings, residential district boundaries and drainage barriers.



After an extensive literature review, a generalised conceptual model was developed in which the various objective (PNEO) and subjective (PNES) measures that may influence the PA in older Malaysian adults were considered, as shown in Figure 1. As can be seen, the PNEO was the independent variable and the PNES was the dependent variable directly related to PNEO and indirectly related to the PA level through the small-scale physical characteristics of each neighbourhood, with the PA level being the outcome variable. Therefore, the influence of the PNEO and PNES on PA level in Malaysian neighbourhoods was explored in this study.




2.2. Research Design


The PNE and PA were measured objectively (PNEO) and subjectively (PNES). The subsequent methodology section focuses on the analytical processes in the study. A comprehensive flow chart of the analytical process is illustrated in Figure 2.



A questionnaire survey was conducted in the three neighbourhoods which consists of four case study areas to obtain the associated demographic attributes and the respondents’ types of houses, and to measure the PNES and PA levels of the respondents. A total of 280 respondents were individually interviewed using a questionnaire over a period of 3 months from August 2018 to October 2018. For PNEO spatial data, the analysis covered items such as the land use entropy index, population density, the proximity of neighbourhood facilities and traffic network accessibility. All significant PNEO, PNES and PA relationships were analysed using SPSS version 24.0 by using a correlation test of Goodman-Kruskal Gamma analysis. Simple cross-tabulations between the variables were conducted to explore the underlying trends in the significant relationships between the PNEO and PNES and the PA level.





3. Data Collection


3.1. Study Area and Respondent’s Demographic


The research area was three neighbourhoods in the city of Johor Bahru, Johor, Malaysia. Normally, neighbourhoods are chosen based on a high ageing population rate; however, to facilitate this study, respondents from neighbourhoods with active neighbourhood associations were chosen as the previous pilot survey found it difficult to acquire respondents due to safety reasons. The three neighbourhoods have diverse housing types, with the land use distribution shown on the land use maps in the Appendix A (Figure A1, Figure A2, Figure A3 and Figure A4). The main housing type in the neighbourhoods are 2 storey terraced houses and 4 to 5 storey housing blocks. The internal physical environment in the housing block areas in Taman Perling consists of several grocery stores, some food stalls, a small community hall and a small mosque, all of which are used by the local community.



The questionnaire survey consists of several parts; the first part of the questionnaire collected information on the type of their houses and the respondent demographics, the second part focused on the PNES with 5 choice Likert scale agreement measures that had been adapted from the Neighbourhood Environmental Walkability Survey-Abbreviated (NEWS-A) scale [32], and the third part focused on the types of PA performed which is adapted from the IPAQ based on the Self-Administered Long Version Format for use among population aged 15–64 years [46]. All parts were combined for a new restructured questionnaire.



Table 1 gives details of the housing environments in all the neighbourhoods and the number of respondents who participated. Only Taman Perling has both terrace and housing blocks areas, with the other two neighbourhoods having mainly terrace houses, that of Taman Nusantara and Taman Selesa Jaya.



The study sample was controlled, with only young-middle-aged adults from 45 years old and above being chosen as study respondents because they would be soon entering late middle-age at 50 years old. As the older people threshold is 60 years old in Malaysia, which is also the retirement age, the respondents below the age of 60 were called the young-old group who would soon be entering the 60-year-old group. Respondents aged 50 years and below represented the trends for the late middle-aged group before entering the young-old group and before entering the older generation.



To gain the respondents’ trust, the neighbourhood associations assisted the research team to facilitate the interviews. Most respondents were low- to middle-income older residents as most neighbourhood associations are usually formed and managed by low- to middle-income communities in small neighbourhoods. Table 2 gives the descriptive statistics for the study sample and the basic demographic attributes: gender, age, length of time living in the neighbourhood, race, family structure and occupation. The average age of the respondents, aged from 45 to 75 and above, in the three neighbourhoods was 60 years old, with the highest representation being in the 60–64 age group. Most respondents had lived in the neighbourhood for more than 16 years but this varied by neighbourhood; for example, most respondents from Taman Perling and Taman Selesa Jaya had been living in these areas for longer than 16 years, but many respondents in Taman Nusantara had only been living there from 6 to 15 years as this area was developed later than Taman Perling and Taman Selesa Jaya. A majority of the respondents were Malay, with only a small number of Chinese and Indian, and most respondents were retired or unemployed. Unemployed, in this study context, mostly represents the housewives who are usually not employed and very few might be working part-time such as doing small business selling food. Lastly, family structure, in this study context, represents the living arrangement of the household. Most of the respondents seem to be living either as married couples or living with their working children. This is a normal trend among Malaysian families wherein Malaysian older adults prefers to live interdependent to their working adult children [47].




3.2. Questionnaire Outcomes for Physical Neighbourhood Environment Subjective (PNES)


A summary of the PNES items and sub-items in the combined questionnaire are given in Table 3. In consequence, the level of walkability correlated with an increase in PA level [48,49]. This means the higher the scores for the PNES measures, the higher the neighbourhood walkability and PA level.



The objective of item A was to measure the respondents’ residential density perceptions based on the NEWS-A scoring weight [32], with higher numbers for residential density indicating higher walkability. For the other items, the scale range was from Strongly Disagree (1) to Strongly Agree (5). To properly reflect the Malaysian neighbourhood environment—places of worship, night markets, wet markets and clinics—several additions were made to questionnaire item B [50]. Food stalls were also included as these were found to be a component of social liveability in Malaysian neighbourhoods in the pilot survey. The scores for the PNES were categorised into low, medium and high scores based on the 25th, 50th and 75th percentiles, and each PNE score was divided based on the 1st, 2nd and 3rd quartiles as there was no protocol to precisely measure the categorisation for low to high walkability based on the PNE scores. Higher scores in the NEWS-A items meant higher walkability but lower scores for traffic hazard and crime safety issues meant higher walkability [32], due to a reverse scoring procedure. Table 4 gives the descriptive statistics for the NEWS-A item results.




3.3. Questionnaire Outcomes for Physical Activity Level (PA)


For this study, the IPAQ for adults aged 15–64 years was considered suitable for this study. Although there is an existing IPAQ version specifically for older people aged 65 years and above, it was not employed as most respondents were late middle-aged adults who would soon enter retirement; the lower respondent age was 45 and the mean age was 60.



Different PA occur in different daily life domains; that is, the work, active transportation, domestic and garden, and leisure time activity domains. In all domains, three physical activity types were described [46]: walking activities (PA1), moderate-intensity activities (PA2) and vigorous-intensity activities (PA3): and respondents were required to give details of the durations in minutes and frequencies, in days during the week spent on the different domains. PA1 consisted of walking with purpose, which was a mode of transport for most people with less mobility. Walking for recreation, however, referred to solely spending time on brisk walking for the purpose of exercising and maintaining health.



PA2 asked about recreation and sports activities and leisure activities such as gardening and doing house chores, and PA3 was also about recreation and sports activities and was similar to moderate activities. The major differences between the three PA types was related to the total time spent on each activity in a week. PA3 also included work-related activities such as running a business or selling food. Cycling activities were regarded as vigorous-intensity activities and were excluded from this study as it was an uncommon activity by the respondents in the neighbourhood. PA is categorised into five types in Table 5.



The PA was measured subjectively (indirect) from the questionnaire as the respondents were asked how long they spent doing PA1, PA2 and PA3 in minutes per day in a week. Based on the IPAQ scoring protocol [46], the physical activities were scored using continuous scores or categorical scores. For the continuous scores based on the IPAQ short form scoring protocol, average MET scores or weightings were derived for each type of physical activity: 3.3 METs for walking activities (PA1), 4.0 METs for moderate-intensity activities (PA2) and 8.0 METs for vigorous-intensity activities (PA3). Each of the average MET scores for PA1, PA2 and PA3 were then multiplied with minutes and days in a week. Total scores were also obtained by summing the MET scores for PA1, PA2 and PA3. From this, new cut off points were proposed that included the total PA performed in all types of domains: inactive (C1), minimally active (C2) and health-enhancing physically active or HEPA-active (C3). The criteria for these three levels were as follows: scores with MET-minutes and days per week below 600 were considered C1, scores with a minimum of 600 and above per week were C2 and scores with a minimum of 3000 and above per week were C3.



Table 6 illustrates the basic findings for the mean for the total continuous scores for the MET-minutes per week based on the C1, C2 and C3 scores for the respondents in the three neighbourhoods. The respondents in Taman Nusantara had the highest C1 and C2 averages, respondents in Taman Perling housing blocks had the highest C3 average and respondents in Taman Selesa Jaya had medium mean values for all physical activity categories.




3.4. Spatial Data on the Physical Neighbourhood Environment (PNEO)


The Geographic Information System (GIS) spatial data was obtained from the Iskandar Malaysia Development Authority and was based on 2012 land use data as the latest land use plan is yet to be made public by the local authority of Johor Bahru city. The GIS datasets— and use, road networks and public facilities—were combined and analysed to assess the objective physical measures of the neighbourhood environment. The analysis covered items such as the land use entropy index, population density, the proximity of neighbourhood facilities and traffic network accessibility.



Land use mix entropy has been commonly used to measure objective neighbourhood environments and land use mix diversity [51]. Population density data in the study areas were extracted from the Johor Census Data [52]. The population density ranges in Johor Bahru city were based on [53]: highest (30,000–150,000 people per sq. km), moderately high (7000 people per sq. km), slightly high (5200 people per sq. km), medium (3330 people per sq. km) and low (1500 people per sq. km).



To measure the connectivity, the intersection densities were analysed using ArcGIS, and computed as the total number of crossings per unit area excluding cul-de-sacs from the centre of a location. The centre of a location refers to all respondents’ locations which were obtained by acquiring the road names of their house address. A buffer of 200 metres from the centre of the location was assigned in this study as the preferred walking distance for older Malaysian people [27,42], with a higher intersection density indicating a higher connectivity in the specified area [54]. To measure accessibility, the distances from each respondent’s road address to two facilities commonly usually used by the older Malaysian adults—recreational open space and the mosque [50]: were analysed using ArcGIS, with the distances being classified using SPSS into low, medium and high, based on the interval cut off points for the mean and a +1/−1 standard deviation. The distance scales were assumed to show variability in the relationships between the objective and the perceived PNE measures. Table 7 gives a simple summary of the PNEO measures for the three neighbourhoods.





4. Results & Discussions


The results were based on the correlation tests, and the measures that had no significant relationships across the four neighbourhood areas were excluded from the tables. The second part of this section details the significant relationships that were found. The Goodman-Kruskal Gamma were employed to determine the significant relationships due to the nature of the variables. This correlation test was used to measure the strength of the associations between the ordinal variables of PNEO, PNES and PA. The Gamma value ranged from −1 to +1, and the strengths of association varied from 0.00 < 0.10: Negligible, 0.10 < 0.20: Weak, 0.20 < 0.40: Moderate, 0.40 < 0.60: Relatively strong, 0.60 < 0.80: Strong, and 0.80 < 1.00: Very strong [55]. A positive gamma meant that both variables scored high and a negative gamma meant that one variable scored high and the other variable scored low. A MET PA level of C1 indicated inactive respondents, C2 indicated they were minimally active and C3 indicated that they were HEPA-active [47].



4.1. Significant Relationships between the PNEO, the PNES and the PA


Based on the analysis, the results for the PNEO showed that population density, distance to mosque, distance to playground and land use mix entropy had significant associations with the PA level of the older adults in three neighbourhoods (Table 8). The PNES results also showed that there were significant associations with residential density, land use mix diversity, land use mix access, street connectivity, traffic hazard safety, safety from crime, lack of parking, lack of cul-de-sacs, hilliness and physical barriers (Table 8).




4.2. Discussions


The varying significant relationships found in the different neighbourhood settings were assumed to be, because of the small-scale physical features of the different neighbourhood characteristics. This section discusses the assumptions underlying these significant relationships.



4.2.1. Model 1 (Perling Terrace)


Despite some studies [19] finding land use mix to be insignificant to PA, a relatively strong relationship between land use mix entropy and the PA level was found for the older people living in the terraced housing in Taman Perling. The high land use mix value indicated that the respondents were C1, which was unlikely to happen as older adults would usually show high levels of PA in high mixed land use neighbourhoods [20]. Since most respondents were living near the main road, it is possible that their extent of PA was reduced because of the fast-speed vehicles passing through the street which might endanger the safety of the older adults.



Six PNES measures were shown to have strong relationships with PA: land use mix access, street connectivity, safety from crime, lack of cul-de-sacs, hilliness and physical barriers, with the lack of cul-de-sacs showing a perfect association of 1. When there were low land use mix access areas, the respondents tended to have a low PA level (C1). As land use mix access measures accessibility perception, a low accessibility in the housing areas indicated that the respondents perceived that there were not many stores and not many places within walking distance from their home; therefore, because it was not possible to easily walk to destinations in their home vicinity, there was a low PA level.



The street connectivity perception was also associated with the PA as people who perceived their neighbourhood to have a higher street connectivity tended to have higher PA levels and vice versa. As street connectivity measures the distance between traffic intersections and the alternative routes available in the neighbourhood, if there are strong street connectivity perceptions, there would be a higher PA (C3) because of the higher extent of physical activity in the recreation areas [23] and the higher possibility of walking to interact with friends in the neighbourhood. Conversely, respondents who perceived that there was a low street connectivity tended to have a PA of C1. While [24,56] suggested that perceived street connectivity was usually positively associated with a high PA in older adults, as pointed out in [25], low street connectivity hinders PA levels because the areas usually have longer rows of housing, less traffic intersections and a higher number of dead-end roads less conducive for walking; therefore, the results of this study add to existing knowledge.



A low perception of safety from crime would logically mean people perceive a low crime rate level and felt safe in their housing vicinity, which would logically result in a higher PA level [38]. Interestingly, a low safety from crime perception was observed when adults showed a PA of C1 whereas a medium safety from crime perception was observed among adults who showed C2. Based on this trend, it is assumed that older adults who are more active in various physical activities tend to be more aware and conscious with their surrounding environment when compared to inactive older adults.



The perceptions towards hilliness and physical barriers were found to be strongly but negatively associated with PA, with the respondents who answered low to these two measures tending to have a PA of C2. While this neighbourhood does not have hilly topography, it does have a major physical highway or freeway barrier that divides the neighbourhood. However, on a micro-scale and focusing on the location of the respondents who answered this question, there were no physical barriers such as drainage or hilly streets within their home vicinity, which should have resulted in a higher likelihood to walk around the neighbourhood.




4.2.2. Model 2 (Perling Housing Blocks)


Important relationships between PA and PNEO were found for population density, distance to mosque and distance to recreational areas. Housing blocks in this neighbourhood have higher population densities as these are medium-rise residential blocks. Interestingly, the respondents living in high population density areas within the housing blocks were generally found to have a PA of C1, probably because the nearest grocery stores were on the ground floors of their residential blocks. Distance to the mosque had a significant relationship with a respondent’s PA; that is, respondents who lived closer to the mosque (200 m–300 m) were more likely to be C1. Due to the mosque facility being located near and adjacent to the housing block area, there is no direct pedestrian access from the housing blocks to the mosque. Therefore, the older adults have to walk outside the housing block boundary to go to the mosque, which may prevent them from walking to the mosque (Appendix B, Figure A5).



The distance to the open recreational areas was negatively associated with PA. People living further (more than 370 m) from the recreational areas tended to be C1 whereas people living a medium distance (214 m–370 m) from the recreational areas tended to be C2. As there are no open spaces inside the housing blocks’ vicinities, older adults have to use open space and recreational areas outside the housing blocks; therefore, the further the recreational areas, the lower the likelihood of the older adults walking and spending time there. Therefore, facilities such as recreational areas and mosques should be located no more than 370 m from housing areas to encourage older adults to stay active.




4.2.3. Model 3 (Nusantara)


Several PNEO were found to have significant associations with PA. However, while the Perling housing blocks’ distance to the open recreational area was positively associated with PA, the people living less than 210 m away tended to be C1. An investigation found that even though most respondents were living only a short distance from the only main and fully functional community facilities such as the open recreational facilities and the mosque (Figure A6), they were separated from these facilities by a main road, and a distinct feature of this neighbourhood was that the residential area was divided into several districts based on the main road positioning. As the main road has an iron median strip (Figure A7), the open recreational spaces could not be directly accessed because there is a drainage line that is impossible to cross without a small bridge or road (Figure A7). Therefore, these features and possible traffic hazards could prevent the older adults from walking to the facilities.



Four PNES measures were found to have a significant relationship with PA. First, the land use mix diversity was negatively associated with the PA. Respondents who believed that there was a high land use mix diversity tended to be C1, which was the opposite of the results in [57]. High land use mix diversity indicates that there is only a short distance to diverse land use in the respondent’s location. Therefore, it was assumed that most respondents were displaced from the main facilities such as open recreational facilities and the mosques because of main road and residential segregation in the different districts.



Second, a low safety from traffic hazard perception would typically indicate higher walkability and therefore higher PA [30]. However, contrary to this general assumption, the respondents who perceived low traffic hazard safety tended to report a PA of C1. A review of the respondents within each residential district found that they were not living near the main roads, as can be seen on the map (Figure A6). The respondents in the upper part of the neighbourhood tended to be located further from the main facilities, so possibly would not choose to walk, and while the respondents in the lower part were located nearer to the main facilities, they were obstructed by the main road and the grass-strip boundary, so they would also possibly not choose to walk.



Third, the lack of parking and lack of cul-de-sacs were negatively associated with PA. People who perceived that there was a low lack of parking tended to be at least minimally active (C2) whereas people who perceived there were a low lack of cul-de-sacs tended to be very active (C3). Higher scores for the lack of parking indicated a lack of parking in the local commercial area, which helped to promote walking to the local commercial area [39] and higher PA. However, low scores for a lack of parking in commercial areas meant that as there were many parking spaces, C1 would be more likely; however, in this case, most respondents reported C2. This result may have been because respondents in Nusantara spent more time on recreational and leisure activities that did not involve walking activities within their home vicinity, as shown in Table 6. Low scores for lack of cul-de-sacs indicated that there were a higher number of cul-de-sac streets, which should be associated with a higher walking PA [9]. The results showed that respondents who gave lower lack of cul-de-sac scores tended to indicate a PA of C3. Therefore, contrary to [21], this study found that a greater number of cul-de-sacs resulted in a PA of C3, possibly because every cul-de-sac in Nusantara has a small pedestrian lane to the other street, which increases the likelihood that respondents in Nusantara would walk easily around in their home vicinities but only within their residential district boundaries.




4.2.4. Model 4 (Selesa Jaya)


In this neighbourhood, two PNEO measures and three PNES measures showed good associations with PA: the distance to the mosque, the land use mix entropy and residential density, land use accessibility and safety from traffic hazard perceptions. Respondents who lived less than 200 m from the mosque tended to report a PA of C3, which supported the results in [27] which showed adults prefer to walk less than 200 metres to community facilities before choosing to drive. A study by [42] also found that the suitable maximum walking distance for older adults in Malaysia was usually 190 metres. However, the respondents living in lower land use mix entropy tended to report C1 in this neighbourhood as lower land use mix tends to hinder the likelihood of walking to various destinations in the neighbourhood.



Respondents who perceived that there was high residential density tended to report a PA of C1, which was contrary to most studies in Western countries, in which residential density was usually positively associated with PA [21,36]; however, this result was in line with a previous Asian study [22]. As the respondents’ locations were similar to the respondents’ location for land use mix entropy, the respondents living in the high residential density area may be inactive because of low land use mix entropy.



Land use mix access is a measure of accessibility, with high accessibility more likely to result in higher PAs (C2 and C3) as there are many places within walking distance. The respondents’ locations clearly showed that they could easily walk to the nearest commercial area and the bus stops (Figure A8). The low safety from traffic hazard perception also indicated a higher possible walkability score [32]. It was found that the respondents who reported C2 had a low traffic hazard safety perception, which made sense as the respondents were not located near a main road and were within walking distance to grocery stores.





4.3. Overall Trend


To summarise, the aim of this study was to investigate the objective and subjective PNE associations with the PA levels in older adults. It was found that both objective and subjective PNE in the different housing environments significantly influenced the PA levels of the late middle-aged and young-old adults. Four measures of PNEO were directly related to PA levels of older adults and ten measures of PNES were indirectly related to PA level, with underlying assumptions based on the different physical neighbourhood characteristics. To the best of our knowledge, there have been no previous studies on the relationships between PNEO, PNES and PA in older adults in any Malaysian neighbourhoods.





5. Study Limitations


The major limitation in this study was related to the study areas as the respondent location distributions were only focused in certain parts of the neighbourhood areas within the various neighbourhood association boundaries. First, in Malaysia, neighbourhood associations are developed by the community when there is a need; therefore, the members voluntarily participated in this questionnaire. However, not all neighbourhoods have neighbourhood associations, which means that our research was restricted to the respondents associated with the neighbourhood associations. Second, the findings of this study only apply to late middle-age adults and young-old adults and are not representative of the whole population in each neighbourhood. This was because only a small portion of the residents volunteered and due to time limitations, only adequate sampling was conducted.



Third, this study mainly examined older Malay and Muslim adults, as only a small number of people from other backgrounds and religions were included in this study, which was not sufficient to determine any differences in their daily physical activities. Fourth, the data distribution for each of the objective and subjective PNE indicators could have limited the study outcomes. The low, medium and high range scales were based on a normal data distribution, with any indicators indicating non-normal distribution being adjusted to be normal. While several comparisons were conducted to examine how the data distribution affected the study results, the PNE objective and subjective range scales were considered reasonable. Lastly, missing values in some of the questions could not be avoided even though eligible enumerators were included in the questionnaire. This was because of the complexity of the questionnaire, which took around 20 to 30 min to complete for each respondent, which influenced the respondent’s likeliness to further cooperate.




6. Conclusions and Recommendations


All objective physical neighbourhood elements were found to have direct relationships with the older respondents’ PA levels and almost all subjective physical neighbourhood elements were found to have an indirect relationship with the respondents’ PA levels; however, the distinct physical environmental characteristics in each neighbourhood were found to influence the PA levels. The inclusion of the young-old adults PA activity types—walking, moderate-intensity and vigorous-intensity—contributed to the PA categories (inactivity, minimally active, HEPA).



The key findings were closely related to the recommended distance from facilities, and especially the mosque. Therefore, it is recommended that mosques or ‘musolla’ be no more than 200 metres from residential land to encourage a higher likelihood of PA in older Malaysian adults. It was found that as most respondents had less access to the mosque and open recreational facilities, more mosques and small recreation areas should be provided in neighbourhoods to promote active ageing lifestyles. A further important finding was that high population density was not always positively related to a higher PA, and therefore in the Malaysian context, might not be suitable housing environments to encourage active ageing. The recreation area types are also important in promoting PA; for example, as most of the open recreation areas in this study were specially designed for the younger generation, older adults were less likely to spend time on outdoor recreational activities.



All sample neighbourhoods seemed to have similar physical characteristics that prevented physical activities, such as iron road median barriers and open drainage lines that cannot be crossed without a bridge. Even though most respondents were living within walking distance of a mosque and open recreational areas, these types of barriers influenced the extent of their PA. Therefore, it is recommended that the road median have a cut off point and small pedestrian bridges be built every 200 m for pedestrians to cross. These types of changes have proven to be effective in Model 4 (Selesa Jaya) as most respondents living close to the mosque tended to have high PA levels because of the small informal pedestrian bridges every 50 m along the drainage line.



This study highlighted the importance of both objective and subjective measures which affect the extent of physical activity among young-old adults for small geographic units which are represented by the detailed outcomes of the specific neighbourhood case studies. The outcome of this study is deemed as generalisable to most ageing neighbourhoods in Malaysian urban cities considering the similar housing characteristics of terraced housing and housing blocks built environment. Nonetheless, further investigations are needed to explore the distinctive outputs for other types of housing in Malaysia, which may have influence on the physical activity level of older adults.



In conclusion, to encourage active ageing, the physical neighbourhood characteristics need to be suitable. For example, to encourage PA outside the vicinity of their homes, mosques and recreational areas need to be within 200 to 370 metres in residential areas, and there needs to be a continuous pedestrian network. Furthermore, a high population density housing environment is proven unsuitable to promote active ageing among older adults. Therefore, when planning for a future ageing society and to encourage active ageing lifestyles in Malaysian neighbourhoods, these objective and subjective PNE indicators need to be promoted.
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Figure A1. Land Use Map of Taman Perling terrace house (Model 1). 
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Figure A2. Land use map of Taman Perling housing blocks (Model 2). 
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Figure A3. Land use map of Taman Nusantara (Model 3). 
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Figure A4. Land use map of Taman Selesa Jaya (Model 4). 
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Figure A5. Respondent’s Location for Taman Perling housing blocks (Model 2). 
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Figure A6. Respondent’s Location for Taman Nusantara (Model 3). 
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Figure A7. Barriers in Taman Nusantara (Model 3). 
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Figure A8. Respondent’s Location in Taman Selesa Jaya (Model 4). 
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Figure 1. Conceptual model of this study. 
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Figure 2. Flow chart of the analytical method. 
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Table 1. Descriptive statistics for the number of respondents represented in the three neighbourhoods.
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	Physical Characteristics
	Taman Perling

(N, %)
	Taman Nusantara (N, %)
	Taman Selesa Jaya (N, %)





	Housing types

4 to 5 storey housing blocks
	66, 47.48
	0
	0



	2 storey terraced houses
	73, 52.52
	84, 100
	57, 100
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Table 2. Descriptive statistics for the respondent’s demographic attributes.
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	Taman Perling, N = 139

(n, %)
	Taman Nusantara, N = 84

(n, %)
	Taman Selesa Jaya, N = 57

(n, %)
	Total Respondents, N = 280

(n, %)





	Gender
	
	
	
	



	Male
	80, 57.55
	54, 64.29
	40, 70.18
	174, 62.14



	Female
	59, 42.45
	30, 35.71
	17, 29.82
	106, 37.86



	Age (years)
	Mean = 59.62
	Mean = 59.71
	Mean = 62.16
	Mean = 60.16



	45–49
	8, 5.76
	1, 1.19
	0
	9, 3.21



	50–54
	21, 15.11
	18, 21.43
	4, 7.02
	43, 15.36



	55–59
	38, 27.34
	18, 21.43
	15, 26.32
	71, 25.36



	60–64
	42, 30.22
	31, 36.9
	20, 35.09
	93, 33.21



	65–69
	18, 12.95
	10, 11.9
	11, 19.3
	39, 13.93



	70–74
	9, 6.47
	4, 4.76
	6, 10.53
	19, 6.79



	75+
	3, 2.16
	2, 2.38
	1, 1.75
	6, 2.14



	Length of time living in the neighbourhood (years)
	Mean = 22.59
	Mean = 9.27
	Mean = 18.51
	Mean = 17.76



	< 5
	2, 1.44
	16, 19.05
	3, 5.26
	21, 7.50



	6–10
	12, 8.63
	36, 42.86
	3, 5.26
	51, 18.21



	11–15
	24, 17.27
	30, 35.71
	18, 31.58
	72, 25.71



	>16
	101, 72.66
	2, 2.38
	33, 57.89
	136, 48.57



	Race
	
	
	
	



	Malay
	129, 92.81
	78, 92.86
	55, 96.49
	262



	Chinese
	4, 2.88
	5, 5.95
	2, 3.51
	11



	Indian
	5, 3.60
	1, 1.19
	0
	6



	Others
	1, 0.72
	0
	0
	1



	Family structure
	
	
	
	



	Single
	6, 4.32
	4, 4.76
	0
	10, 3.57



	Couple
	66, 47.48
	47, 55.95
	32, 56.14
	145, 51.79



	Couple with children
	67, 48.20
	33, 39.29
	25, 43.86
	125, 44.64



	Occupation
	
	
	
	



	Government staff
	11, 7.91
	12, 14.29
	3, 5.26
	26, 9.29



	Private staff
	17, 12.23
	3, 3.57
	6, 10.53
	26, 9.29



	Self-employed
	29, 20.86
	9, 10.71
	3, 5.26
	41, 14.64



	Retired
	49, 35.25
	29, 34.52
	21, 36.84
	99, 35.36



	Unemployed
	33, 23.74
	31, 36.90
	24, 42.11
	88, 31.43
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Table 3. NEWS-A items and sub-items measuring the resident’s perceptions towards the PNE.
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	Subjective Measures from NEWS-A
	Sub-Items





	A)  Residential density
	Types of residence: Bungalow, terrace, semi-detached, Apartment 1–3 storeys, apartment 4–6 storeys, apartment 7–12 storeys, apartment more than 13 storeys



	B)  Diversity of land use mix
	Distance to each destination (minutes): Grocery store, supermarket, worship place, bus stop, coffee and restaurant, clinic, food stall, park and playground, community hall, night market, wet market



	C)  Accessibility
	‘Stores are within walking distance from home’, ‘Many places to go within walking distance from home’, ‘Walking to bus stop from home is easy’



	D)  Street connectivity
	‘Distance between traffic intersections are 100m or less’, There are many alternative routes to get from place to place’



	E)  Infrastructure for walking and cycling
	‘Presence of sidewalks on most of the streets’, ‘Presence of grass strips that separates the streets from the side’, ‘Neighbourhood streets are well lit at night’, ‘Residents can easily observe pedestrians and bikers on the streets’, ‘Presence of crosswalks and pedestrian signals’



	F)  Aesthetics
	‘Presence of trees along the streets’, ‘Many interesting things to look at while walking’, ‘Many attractive natural sights and good landscaping’, ‘Many attractive buildings and homes’



	G)  Safety from traffic hazards (reverse scoring)
	‘Heavy traffic makes it difficult to walk in the streets’, ‘Traffic speed on the street near home is slow about 25km/h’, ‘Most drivers exceed the posted speed limits while driving in the neighbourhoods’



	H)  Safety from crime (reverse scoring)
	‘High crime rate in the neighbourhood’, ‘Crime in the neighbourhood makes it unsafe to walk in the day’, ‘Crime in the neighbourhood makes it unsafe to walk in the night’
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Table 4. Descriptive statistics of the NEWS-A items from the questionnaire survey.
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	NEWS-A Items
	Taman Perling Terrace

(Mean, S.D.)
	Taman Perling Housing Block

(Mean, S.D.)
	Taman Nusantara

(Mean, S.D.)
	Taman Selesa Jaya

(Mean, S.D.)





	A)  Residential density
	236.37, 42.59
	280.47, 75.69
	220.86, 1.31
	441.74, 92.28



	B)  Diversity of land use mix
	2.28, 0.82
	2.26, 0.89
	3.05, 1.31
	1.82, 0.32



	C)  Accessibility
	3.07, 0.33
	2.99, 0.33
	2.48, 0.63
	2.74, 0.58



	D)  Street connectivity
	2.84, 0.34
	3.01, 0.64
	2.24, 0.95
	2.79, 0.38



	E)  Infrastructure for walking and cycling
	2.76, 0.32
	2.88, 0.46
	2.36, 0.49
	2.82, 0.18



	F)  Aesthetics
	2.81, 0.47
	2.76, 0.50
	2.27, 0.49
	2.60, 0.37



	G)  Safety from traffic hazards
	2.56, 0.55
	2.78, 0.50
	2.38, 0.52
	2.36, 0.35



	H)  Safety from crime
	1.80, 0.56
	1.85, 0.54
	1.96, 0.57
	2.17, 0.66



	I)  Lack of parking
	2.68, 0.68
	2.98, 0.57
	2.32, 0.52
	2.16, 0.53



	J)  Lack of cul-de-sac
	2.92, 0.49
	3.05, 0.41
	2.65, 1.27
	2.89, 0.52



	K)  Hilliness
	2.41, 0.76
	2.27, 0.80
	1.89, 0.99
	2.53, 0.71



	L)  Physical barriers
	2.48, 0.65
	2.94, 0.63
	1.90, 0.87
	2.65, 0.52
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Table 5. Descriptive summary of physical activities based on each neighbourhood.






Table 5. Descriptive summary of physical activities based on each neighbourhood.





	
Types of Physical Activities

	
Perling

(N, Total Minutes Spent, Mean of Total Minutes Spent)

	
Nusantara

(N, Total Minutes Spent, Mean of Total Minutes Spent)

	
Selesa Jaya

(N, Total Minutes Spent, Mean of Total Minutes Spent)




	
Terrace

	
Housing blocks

	
Terrace

	
Terrace






	
A)  Walking to a destination other than walking for recreation (e.g., walking to grocery store, mosque, market, bus stop)

	
59,

1995 mins,

33.81 mins

	
56,

1778 mins, 31.75 mins

	
63,

7240 mins,

114.92 mins

	
41,

1980 mins,

48.29 mins




	
B)  Walking for recreation (including walking your pets, jogging, brisk walking)

	
28,

733 mins,

26.18 mins

	
29,

809 mins, 27.90 mins

	
54,

3815 mins,

70.65 mins

	
22,

1955 mins,

88.86 mins




	
C)  Recreation and sports activities (e.g., soccer, aerobic, ‘tai chi’)

	
29,

1308 mins,

45.1 mins

	
26,

1034 mins, 39.77 mins

	
40,

2785 mins,

69.63 mins

	
19,

1160 mins,

101.58 mins




	
D)  Leisure activities outside your home (e.g., gardening, cleaning home exterior, karaoke)

	
53,

6014 mins,

113.47 mins

	
40,

2617 mins, 64.43 mins

	
49,

8540 mins,

170.8 mins

	
29,

3540 mins,

122.07 mins




	
E)  Daily activities such as part-time jobs (e.g., retired person doing self-business)

	
5,

1455 mins,

291 mins

	
9,

4838 mins, 537.56 mins

	
6,

410 mins,

68.33 mins

	
2,

2130 mins,

1065 mins
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Table 6. General summary of the MET-level for each category of PA in the questionnaire.






Table 6. General summary of the MET-level for each category of PA in the questionnaire.





	
Categories of PA Level based on Met-Minutes Per Week

	
Taman Perling, N = 139

(Mean, S.D.)

	
Taman Nusantara, N = 84

(Mean, S.D.)

	
Taman Selesa Jaya, N = 57

(Mean, S.D.)




	
Terrace

N = 73

	
Housing Blocks N = 66






	
C1: Inactive

	
136.75, 174.50

	
97.0, 120.89

	
282.66, 295.55

	
146.76, 202.68




	
C2: Minimally active

	
214.25, 240.27

	
275.15, 330.2

	
502.62, 745.32

	
392.28, 408.48




	
C3: Health-enhancing PA (HEPA-active)

	
395.07, 1060.67

	
953.33, 3616.7

	
675.24, 1442.05

	
519.3, 2320.45
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Table 7. Simple summary of the objective measures for the three neighbourhoods.
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Objective Measures

	
Taman Perling

	
Taman Nusantara (All terrace)

	
Taman Selesa Jaya (All terrace)




	
Terrace

	
Housing Blocks






	
A)  Average population density (population/sq. km)

	
7600.10

	
22,804.64

	
5157.21

	
11,706.84




	
B)  Average distance to facilities (metre)

	

	

	




	
- Recreational open space

	
354.17

	
274.29

	
329.89

	
317.68




	
- Mosque

	
317.91

	
272.01

	
803.28

	
438.06




	
C)  Average Intersection Density (No. of real nodes/area)

	
491.85

	
428.81

	
151.77

	
164.98




	
D)  Land Use Mix value (highest is 1)

	
0.49

	
0.43

	
0.74

	
0.76
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Table 8. Physical neighbourhood environment (PNE) in terms of objective (PNEO) and subjective (PNES) correlations with MET PA level.






Table 8. Physical neighbourhood environment (PNE) in terms of objective (PNEO) and subjective (PNES) correlations with MET PA level.





	
Neighbourhoods

	
Perling Terrace (Model 1)

	
Perling Housing Blocks (Model 2)

	
Nusantara (Model 3)

	
Selesa Jaya (Model 4)






	
PNEO measures




	
Population density

High: 7001–30,000 people/sq. km

Highest: 30,001– 150,000 people/sq. km

	
-

	
γ = 0.755, p < 0.033

High, C1+

Highest, C2+

	
-

	
-




	
Distance to mosque

Short distance: <200 m

Medium: 200.1 m– 300 m

Long: >300.1 m

	
-

	
γ = 0.723, p < 0.008

Short, C1+

	
-

	
γ = 0.423, p < .058

Short, C3 +




	
Distance to recreational area

Short distance: <200 m

Medium distance: 200.1 m–300 m

Long distance: >300.1m

	
-

	
γ = − .451, p < 0.027

Long, C1+

Medium, C2

	
γ = .458, p < .003

short, C1 +

Long, C2+

	
-




	
Land use mix entropy

Low: <0.5

Medium: 0.51 – 0.74

High: >0.75

	
γ = 0.413, p < 0.081

High, C1 -

	
-

	
γ = -0.393, p < 0.083

High, C1 +

	
γ= .621, p < .013

Low, C2 +




	
PNES measures




	
Residential density

	
-

	
-

	
-

	
γ = 0.897, p < 0.632

High, C1+




	
Land use mix diversity

	
-

	
-

	
γ = −0.684, p < 0.000

High, C1+

Medium, C2+

Low, C3+

	
-




	
Land use mix access

	
γ = −0.644, p < 0.011

Low, C1+

	
-

	
-

	
γ = 0.543, p < 0.006

High, C3+, C2+




	
Street connectivity

	
γ = 0.482, p < 0.027

High, C3+

Low, C1+

	
-

	
-

	
-




	
Safety from traffic hazard

	
-

	
-

	
γ = 0.680, p < 0.000

Low, C1+

	
γ = 0.421, p < 0.021

Low, C1+




	
Safety from crime

	
γ = 0.526, p < 0.006

Low, C1+

Medium, C2+

	
-

	
-

	
-




	
Lack of parking

	
-

	
-

	
γ = −0.515, p < 0.007

Medium, C1+

Low, C2+

	
-




	
Lack of cul-de-sacs

	
-

	
-

	
γ = −0.662, p < 0.000

Medium, C1+

Low, C3+

	
γ = 0.472, p < 0.030

High, C2+




	
Hilliness

	
γ = −0.484, p < 0.031

Low, C2+

	
-

	
-

	
-




	
Physical barrier

	
γ = −.0543, p < 0.012

Medium, C1+

Low, C2+

	
-

	
-

	
-












© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
Mosque &

sground

T only pedestri

e moeque & playground





media/file4.png
_ N
Housin Housing A
1

block \

/ block
Housing 1:12,000
blocQ' - /
| @,

LEGEND
Perling Housing
Block (Model 2)

Housing
— - Commercial

Road

= Open space

/ / ' Playground

Secondary
School
Mosque
Public facilities

- Electric substation

_ Sewerage
W 7\
Housin

block

[N

0 4590 180 270 360 ,
SR — e e s \






media/file18.png
Physical Objective
(PNEO)

» Population density

* Distance to mosque

» Distance to playground
* Intersection density

* Land use mix entropy

Physical Activity
Level (PA)

M ¢+ C1:lnactive
. C2: Minimally active
. C3: HEPA-active

(Health-enhancing
Physical Activity)

Physical Subjective
(PNES)

Residential density

Land use mix diversity
Accessibility

Street connectivity
Infrastructure for walking &
cycling

Aesthetics

Safety from traffic hazard
Safety from crime

Lack of parking

Lack of cul-de-sac
Hilliness

Physical barrier

A

h—————--

—— Direct relation

= = =) Indirect relation






media/file3.jpg
N
Housis

= Housing A

i
e
L

Perling Housing

A e s
s
™ W Commercial

Road

I Open e
g eyt
e
schaot
Mooy

Public facliies
I e betton

i N

Housing

=






media/file19.jpg
Conceptual Framework
Linking the proposed relationship
batween PNEO, PNES, PA through
‘extensive lierature review

1

Study Area
Malaysa, Johor Bahru
‘Ageing urban neighbourhoods.
Taman Porling terace houses (Model 1)
‘Taman Perling housing blocks (Model 2)
‘Taman Nusantara (Mode 3)
Taman Selesa Jaya (Model 4)

Data Collection (Section 3)
Primary data for respondent’ demographics by
conducting questionnaire survey (Secton 3.1)
Obtaining primary data for PNES by conducting
‘questionnair survey (Section 32)
Obtaining primary data for PA by conducting
‘questionnair survey (Section 3.3)
Secondary data for PNEO by obtaining the GIS Land
Use Data for Iskandar Malaysia & Johor Bahru
Population Census Tract(Soction 3.4)

1

Analytical Method
‘Simple cross-abulaton analysis were
conducted fo the significant
relationships.
Correlation tests such as the Goodman-
Kruskal Gamma were applied to analyse:
the signifcant relationship

Analysis (Section 4)
PNEO, PNES & PA were analysed simultaneously
based on the relationships in the conceptual
framework (Section 4.1)
Discussions on the trends of PNEO, PNES & PA
(Section 4.2)
Overall trend (Section 4.3)






media/file7.jpg





media/file10.png
N

NG o e A
y=0.723, p < 0.008 1:12,000
Short, C1+  1®  LEGEND
block 5 Other respondents |0 pq Jing Housing
romt Block (Model 2)
| Housing
P Commexcial
Road
I Open space
- Playground
: Secondary school
Mosque
Public facilities
Electric substation

. Sewerage

- Vacantland

0 4590 180 270 360






media/file14.png
Residential
Mosque &

Playground

area

The only pedesa

e M0sque & playground






media/file11.jpg





media/file6.png
Rat 1: 10,000
| e et | V/
o=

N

; _ Nusantara
. (Model 3)

W .. W Housing
I Commercial
i, Road
i P Open space
’.\‘, - Playground :
y A _] Secondary school
Mosque
’ Public facilities ;
// | Electric substation q
g 'l - Sewerage
f | "I‘ - I Vacantland

0 70 140






media/file15.jpg





nav.xhtml


  sustainability-12-01760


  
    		
      sustainability-12-01760
    


  




  





media/file16.png
Distance to

mosque:

Land use mix

entropy :

High' C1+’ N: 11

- Selesa Jaya

- (Model 4)

/" Housing
- Commercial
Road
B Open space
~ Playground
| | Secondary school

Mosque

Public facilities
L |_l Electric substation
: - Sewerage
3 Vacant land

y=0423,p<0058 |
Short, C3+, N=19 \i - <

Other respondents ;" S

A cm—

0 55110 220 330 440






media/file2.png
p

i

uuu;l F ™~
FHED dibEE+

0

s HEH
R ::::l:. 3

W
§

.

= epantee=T"!
0

=
: |

DR

(Y0 amey s mprr L

105 210 420

h

wan

630 .

W i 8
“H8 "3%‘;6\'8*\ e
'”*‘%ammmw

&-«

(

ALY

~ Perling Terrace

B Commercial

f -Road

LEGEND

(Model 1)
= Hon—xsing

e Open space

- Playground

: Secondaryschool |
Mosque '
Public facilities

l_ Electric substation

. Sewerage

I vacant land






media/file20.png
Conceptual Framework
- Linking the proposed relationship
between PNEO, PNES, PA through
extensive literature review

I

Study Area

Malaysia, Johor Bahru

Ageing urban neighbourhoods

Taman Perling terrace houses (Model 1)
Taman Perling housing blocks (Model 2)
Taman Nusantara (Model 3)

Taman Selesa Jaya (Model 4)

Data Collection (Section 3)
Primary data for respondent’s demographics by
conducting questionnaire survey (Section 3.1)
Obtaining primary data for PNES by conducting
guestionnaire survey (Section 3.2)
Obtaining primary data for PA by conducting
guestionnaire survey (Section 3.3)
Secondary data for PNEO by obtaining the GIS Land
Use Data for Iskandar Malaysia & Johor Bahru
Population Census Tract (Section 3.4)

Analytical Method
Simple cross-tabulation analysis were
conducted for the significant
relationships
Correlation tests such as the Goodman-
Kruskal Gamma were applied to analyse
the significant relationship

I

Analysis (Section 4)
PNEO, PNES & PA were analysed simultaneously
based on the relationships in the conceptual
framework (Section 4.1)
Discussions on the trends of PNEO, PNES & PA
(Section 4.2)
Overall trend (Section 4.3)






media/file5.jpg





media/file1.jpg
[ R——






media/file12.png
24 a4 B
8 ceg= N
— Z———=D i—E'L:“T_-'A
Distance to __%i:;—_: -"‘,'.;—"' ;;' =
3 playground : = __'_'_-_l:-— -~ 1:10,000
y = 0.458, p < 0.003 = | der | N ]
Short, C1+, N= 18 i g AN R,
Long, C2+, N=17 |
Other respondents
Land use mix
g entropy :
|y =-0.393,p<0.083 | N
High, C1+, N=13 |
1
<L I_

Main playg
& mosque

0 70 140 280

= LEGEND
' Nusantara (Model 3)

" Housing

I Commercial
=y, Road

I Open space

- Playground

- Secondary school

Mosque

Public facilities

j Electric substation

== Sewerage

- Vacant land






media/file9.jpg





media/file0.png





media/file8.png
LEGEND

" Selesa Jaya (Model 4)

" Housing

P Commercial
Road

I Open space
Playground

| - Secondary school
Mosque
Public facilities

" Electric substation
Sewerage

I Vacantland

10 220 330 440






media/file17.jpg
Physical Objective Physical Activity
(PNEO) Level (PA)

Population density C1: Inactive

Distance to mosque C2: Minimally active
Distance to playground C3: HEPA-active
Intersection density (Health-enhancing
Land use mix entropy Physical Activity)

Physical Subjective
(PNES)

Residential density

Land use mix diversity
Accessibilty

Street connectivity
Infrastructure for waking &
cycling

Aesthetics

Safety from traffic hazard
Safety from crime

Lackof parking — Direct relation
Lackof cul-de-sac
Hiliness

Physical barrier = = = Indirect relation

———————)

T
1
1
1
1
1
1
I






