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Introduction

Leading an active life, both physically and socially, is crucial to maintain health and wellbeing in old age. As defined by the World Health Organization (WHO), “active aging” is “the process of optimizing opportunities for health, participation, and security in order to enhance the quality of life as people age” (1). It was first used as a policy concept to steer communities, cities, and countries toward aging-friendly actions, emphasizing an active approach to life and the need for older people to continue their involvement in a range of physical and social activities across different functional domains (2). But this concept was not fully operationalized considering the diverse perspectives of older individuals. To address this limitation, researchers have further developed approaches to measure and understand active aging, which reflect how an older person's actual behavioral decisions are a consequence of balancing one's capacity to move, one's opportunities to participate, and one's goals and preferences toward meaningful activities (3, 4).

Physical environments play a significant role in active aging and may facilitate or hinder opportunities for health, participation, and security. Older people's preference for “aging in place,” or the opportunity to continue residing in their current home and community for as long as possible, remains strong (5), further highlighting the need for environments that support active aging. An “activity-friendly environment” should include support from the physical environment as well as socio-cultural and community structures to enable and motivate active aging (6). In 2007, WHO proposed a framework for age-friendly cities containing eight interrelated domains covering the physical, socio-cultural, technological, and service environments (7). Despite its popularity as an original and comprehensive framework, it does not fully consider the heterogeneity of older adults and equity issues, and has limited applications/implications in middle-to-low-income countries (8–11).

In recent years, technology has become increasingly important in our lives, while enabling an active and engaged life in different ways than before. Emerging technologies also offer new tools and methods for researchers to assess both environments and behaviors as related to aging, thus enabling a better understanding of the complex person-environment interactions. However, the digital divide may be most pressing for older age groups, who may not be digitally literate or do not have the means to utilize technologies (12).

We provide expert opinions on how the physical aspects of activity-friendly environments can optimize opportunities for health, participation, and security, and thereby facilitate active aging, and how those are closely intertwined with the social and technology domains of environments. Both housing and neighborhood environments are discussed, and so are emerging trends, methods, and approaches in research and practice related to design for active aging.



Physical environments


The housing environment

Housing is essential for active aging, serving as not only a shelter but also a place of purpose and identity (13). As people age and develop functional limitations, the lack of person-environment fit (3, 14, 15) is often first reflected in housing environments, leading to the need for home modifications or relocation to a different home or a long-term care facility. The types and options of housing available to older people vary by location, and significant gaps often exist between the demand and supply of appropriate housing options.

An individual's housing choice is affected by multiple factors such as availability, housing policies, socio-cultural norms, and personal factors (e.g., finance, health status, and preferences). For example, physical barriers in residential units (e.g., multiple floors with stairs), prevalent in European cities, and traditional single-family zoning, common in the U.S., often force older people to move away from their familiar communities in pursuit of more suitable housing despite their preference for aging-in-place. Spatial segregation of homes suitable for different life stages limits housing options for older adults (16), compromises their opportunities to stay engaged in their communities, and marginalizes intergenerational contacts (9). Recently, in the U.S., some states (e.g., Oregon and California) and municipalities (e.g., City of Minneapolis) have initiated zoning reforms to allow multiple housing types (e.g., apartments, accessory dwelling units) to coexist in the same community (17).

Environmental attributes of senior housing (individual homes or congregate living) can affect seniors' physical activity, social engagement, independence, mobility, security, and aging-in-place. Relevant housing-level factors range from room features to the overall building layout and site plan. Examples include accessibility, assistive features (e.g., handrails), daylighting, window view, indoor-outdoor connections, transitional areas, greeneries, hallways or footpaths for walking, and destinations in or around buildings that can encourage physical/social activities (18–21).

Overall, policy interventions and innovative designs are needed to provide new housing models with more diverse, supportive, affordable, and adaptable options within the community that can support active aging and aging-in-place (22). This would require purposeful planning and design considerations in terms of the physical environment such as proximity to community amenities and spatial design balancing privacy and access/connection, as well as active engagement of seniors in the planning and design process to ensure the physical environment reflects their personal goals and preferences. These physical environmental features should also be integrated with supportive programs, social networks, and intelligent technologies in home services and health monitoring and management, to better support active aging (23).



The neighborhood environment

For older adults, especially those with declining physical and cognitive resources, opportunities to participate in physical and social activities may be restricted due to the reasons beyond the individual. Features in the neighborhood environment impact older adults' ability to move about and be physically or socially active. Yet, understanding of the neighborhood as a unit has proven highly challenging. Administrative units (e.g., postal code areas, census boundaries) may not be consistent with personal perceptions of the neighborhood, which vary according to personal capacities and preferences (24, 25). Furthermore, experiences of the environment are highly individualized, as awareness of environmental features depends on exposure to the environment (where one actually uses) as well as one's individual functions (e.g., physical, sensory, and cognitive capacities) and other resources (e.g., financial resources, car availability, social support, and time restraints).

Active aging research also lacks unified definitions and standards for assessing the neighborhood environment (25). The variability of definitions and perspectives suggests the need to study person-environment relationships using multiple data sources (9, 24). Assessing one's individual capacity is a common practice in health sciences, and life-space assessments (environmental exposure) by means of a questionnaire or technologies (26) have gained popularity in the last few decades. However, accounting for multiple personal and environmental resources at once is not a common practice yet, especially not in the aging research field. Acknowledging the complexity of these relationships and the full range of factors involved, moreover, poses theoretical and methodological challenges that need to be tackled.

Despite these challenges, various environmental factors have been consistently identified as correlates of active aging in older adults. For example, physical environment features such as high street connectivity, diversity in services, sufficient infrastructure (e.g., sidewalks, trails, lighting), and availability of green spaces (e.g., parks, nature) have been found to promote physical activities, especially walking, among older adults (27). These serve as a good starting point to characterize the physical environment that supports active aging in place, to design environments conducive of active aging, and to further develop future research.




Social environments

The growing interest in aging-in-place emphasizes the importance of positive and familiar social and physical environments as people age. Social ecological models suggest multiple domains of factors impacting health behaviors such as physical activity and emphasize added importance of social factors for older adults (28, 29). Social engagements are among the key determinants of active aging, and social environments can be either facilitators (e.g., social support, positive social networks, cohesive neighborhood) or barriers (e.g., social isolation, crime risk/exposure, social inequity) to active aging. However, mechanisms through which older adults' exposure and response to these social conditions impact active aging are not fully understood.

Researchers have pointed to the interplay between the physical and social environments (30–33). Some early evidence suggests significant roles of social places like the “Third Places” in the neighborhood, which typically include religious places, food retails and services, recreational destinations, and senior centers (34). However, more efforts are needed to identify the specific types and features of such socially-oriented places important for different groups of older adults, and how and to what extent they influence older adults' physical/social activities as well as aging-in-place. Significant heterogeneity exists across the socio-cultural and economic contexts, and therefore more context-sensitive knowledge is needed to better understand the roles and features of social environments that support active aging.

The concepts and measures of social environment used in the active aging literature are limited. Social factors can be approached from the contextual social environment perspective (e.g., neighborhood cohesion, social capital) or from the ego-centric social network perspective (e.g., size, stability, and strength of social networks/ties). While correlated with each other, these factors have distinctive roles and their specific impacts on active aging outcomes are not fully explored.

The socio-cultural environment is critical in addressing larger societal issues related to population aging, encompassing healthcare cost, caregiving burden, reduced workforce, and intergenerational conflicts. Growing efforts have been made to respond to this demographic shift from a broader policy and community level, such as the Age-Friendly Cities Framework by WHO (35) and various programs offered by Generations United and AARP in the U.S. Still, efforts are needed to better understand the physical and social environmental factors that contribute to supporting active aging across the lifespan and intergenerational interactions.



Technology environments

Technology is increasingly implemented in home and care settings to facilitate interactions, and to support older adults' independence and participation in meaningful activities (36). Remote communication tools or smart monitoring solutions utilizing sensor-based technologies (e.g., passive infrared motion sensors, body-worn sensors, pressure sensors, video monitoring and sound recognition) may help older adults manage daily tasks (e.g., environmental reminders to initiate specific behaviors) and environmental challenges (e.g., long distance to services), and facilitate independent living (37). To prevent unequal access to these services and tools, it is crucial to develop simple and intuitive solutions. This requires participatory research in collaboration with individuals with limited digital skills and businesses willing to invest their time and resources to improve accessibility by diverse end-users including older adults (38).

Technology also helps researchers and practitioners better understand person-environment interactions. For example, Geographic Information System (GIS) is used by professionals and researchers from various fields to study georeferenced and objectively assessed features of the physical environment. In addition, understanding the subjective perceptions, experiences, and preferences of people is also crucial. Geographical mapping of participant responses can help capture subjective perceptions or experiences of the environment that vary by individuals (39, 40). Such online questionnaires including citizen science platforms enable easy data collection and are increasingly used to fulfill requirements of participatory planning in addition to or in replacement of traditional face-to-face meetings. However, without providing support to those with limited digital skills, such methods may fail to reach a large part of the older population. When the provision of technical support is feasible, such methods have been successfully used to map older adults' use of the environment and related preferences (41).

Monitoring sensors enable collection of data on aspects of behavior, capacity, and the environment from the participant's perspective, relatively passively. For example, global positioning (GPS) units can be used to map an individual's activities in the environment, generating measures of the life/activity space, locations of and distances to activity destinations, and speed and time of movement. The movement speed and its variability can reflect transportation mode (e.g., vehicle, on foot) and functional capacity (e.g., walking speed) (42, 43). Data processing and analysis of GPS data are still challenging for researchers in health sciences without advanced geospatial training (39), but methodological advancements will continue to improve user accessibility/applications.

Opportunities for research and the potential to generate new insights in person-environment interactions will stem from unique combinations of people-based (e.g., health and function) and place-based (e.g., GPS or map-based questionnaires) data collected from participants linked with existing or newly collected environmental data (e.g., GIS or audits). This implies the importance of multidisciplinary research methods and collaboration of experts from different scientific fields, such as public health, urban planning, architecture, data science, and geoinformatics. Furthermore, place-based research may generate relevant information for planners and designers, thus highlighting the relevance of involving such professional actors in research to facilitate knowledge utilization. It is also important to note that data collection, linkage, and sharing may raise ethical concerns related to privacy and bias, which should be considered carefully in both research and practice.



Conclusion

Due to declining functions and limited energy reserves, older adults are more vulnerable to barriers in their physical and social environments than younger ones. Planning and design of activity-friendly communities for all ages should build on a deeper understanding of the complex dynamics underlying person-environment relationships considering the interlinked physical, social, and technological factors. This also suggests the need for interdisciplinary and multi-sectoral collaborations in research, intervention, and policy efforts (44). Technology will play an increasingly important role in knowledge generation as well as facilitating opportunities for active aging and aging-in-place. But it is important to ensure technological solutions are easy-to-use and accessible so that they do not present additional challenges to older adults with limited knowledge of or access to technology.



Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The handling editor MS declared a shared affiliation with the authors CL and XZ at the time of review.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. WHO. Active Ageing: A Policy Framework. Geneva: World Health Organization. (2002).

 2. Rantanen T, Portegijs E, Kokko K, Rantakokko M, Törmäkangas T, Saajanaho M. Developing an assessment method of active aging: university of Jyvaskyla active aging scale. J Aging Health. (2019) 31:1002–24. doi: 10.1177/0898264317750449

 3. Lawton MP. Competence, environmental press, and the adaptation of older people. In: Lawton MP, Windley PG, O. BT, editors. Ging and the Environment: Theoretical Approaches. New York: Springer (1982). p. 33–59.

 4. Michie S, Van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour change interventions. Implement Sci. (2011) 6:1–12. doi: 10.1186/1748-5908-6-42

 5. Binette J. Where We Live, Where We Age: Trends in Home and Community Preferences: AARP Research (2021). Available online at: https://www.aarp.org/research/topics/community/info-2021/2021-home-community-preferences.html (accessed October 15, 2022).

 6. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach to creating active living communities. Annu Rev Public Health. (2006) 27:297–322. doi: 10.1146/annurev.publhealth.27.021405.102100

 7. WHO. Age-friendly world: World Health Organization). Available online at: https://extranet.who.int/agefriendlyworld/age-friendly-cities-framework/ (accessed October 25, 2022).

 8. Plouffe L, Kalache A, Voelcker I. A critical review of the WHO age-friendly cities methodology and its implementation. Age-friendly cities and communities in international comparison. (2016) 4:19–36. doi: 10.1007/978-3-319-24031-2_2

 9. Phillipson C, Grenier A. Urbanization and ageing: ageism, inequality, and the future of “age-friendly” cities. University of Toronto Quarterly. (2021) 90:225–41. doi: 10.3138/utq.90.2.11

 10. Torku A, Chan APC, Yung EHK. Age-friendly cities and communities: a review and future directions. Age Soc. (2021) 41:2242–79. doi: 10.1017/S0144686X20000239

 11. Greenfield EA, Buffel T. Age-friendly cities and communities: research to strengthen policy and practice. J Aging Soc Policy. (2022) 34:161–74. doi: 10.1080/08959420.2022.2049573

 12. Xie B, Charness N, Fingerman K, Kaye J, Kim MT, Khurshid A. When going digital becomes a necessity: ensuring older adults' needs for information, services, and social inclusion during COVID-19. J Aging Soc Policy. (2020) 32:460–70. doi: 10.1080/08959420.2020.1771237

 13. Byles JE, Princehorn EM, Forder PM, Rahman MM. Housing and care for older women in Australia. Frontiers in Public Health. (2021) 9:620. doi: 10.3389/fpubh.2021.566960

 14. Kahana E, Lovegreen L, Kahana B, Kahana M. Person, environment, and person-environment fit as influences on residential satisfaction of elders. Environ Behav. (2003) 35:434–53. doi: 10.1177/0013916503035003007

 15. Kahana E, Kahana B. Environmental continuity, futurity, and adaptation of the aged. In: Rowles GD, Ohta RJ, editors. Aging and milieu: Environmental perspectives on growing old: Elsevier (1983). p. 205–88. doi: 10.1016/B978-0-12-599950-2.50019-0

 16. Manville M, Monkkonen P, Lens M. It's time to end single-family zoning. J Am Plann Assoc. (2020) 86:106–12. doi: 10.1080/01944363.2019.1651216

 17. Hoffman Av. Housing Perspectives: Research, trends, and perspective from the Harvard Joint Center for Housing Studies [Internet]: Joint Center for Housing Studies of Harvard University. (2021). Available online at: https://www.jchs.harvard.edu/blog/single-family-zoning-can-history-be-reversed (accessed October 25, 2022).

 18. Lu Z, Rodiek SD, Shepley MM, Duffy M. Influences of physical environment on corridor walking among assisted living residents: findings from focus group discussions. J App Gerontol. (2011) 30:463–84. doi: 10.1177/0733464810370325

 19. Lu Z, Rodiek S, Shepley MM, Tassinary LG. Environmental influences on indoor walking behaviours of assisted living residents. Build Res Inform. (2015) 43:602–15. doi: 10.1080/09613218.2015.1049494

 20. Frochen S, Pynoos J. Housing for the elderly: Addressing gaps in knowledge through the lens of age-friendly communities. J Hous Elderly. (2017) 31:160–77. doi: 10.1080/02763893.2017.1309936

 21. Wang Z. Nearby outdoor environments and seniors physical activities. Front Arch Res. (2014) 3:265–70. doi: 10.1016/j.foar.2014.04.002

 22. Chum K, Fitzhenry G, Robinson K, Murphy M, Phan D, Alvarez J, et al. Examining community-based housing models to support aging in place: a scoping review. Gerontologist. (2022) 62:e178–e92. doi: 10.1093/geront/gnaa142

 23. Coughlin JF, Pope J. Innovations in health, wellness, and aging-in-place. IEEE Eng Med Biol Mag. (2008) 27:47–52. doi: 10.1109/MEMB.2008.919493

 24. Kestens Y, Wasfi R, Naud A, Chaix B. “Contextualizing context”: reconciling environmental exposures, social networks, and location preferences in health research. Curr Environ Health Reports. (2017) 4:51–60. doi: 10.1007/s40572-017-0121-8

 25. Peters M, Muellmann S, Christianson L, Stalling I, Bammann K, Drell C, et al. Measuring the association of objective and perceived neighborhood environment with physical activity in older adults: challenges and implications from a systematic review. Int J Health Geogr. (2020) 19:1–20. doi: 10.1186/s12942-020-00243-z

 26. Taylor JK, Buchan IE, Van Der Veer SN. Assessing life-space mobility for a more holistic view on wellbeing in geriatric research and clinical practice. Aging Clin Exp Res. (2019) 31:439–45. doi: 10.1007/s40520-018-0999-5

 27. Barnett DW, Barnett A, Nathan A, Van Cauwenberg J, Cerin E. Built environmental correlates of older adults' total physical activity and walking: a systematic review and meta-analysis. Int J Behav Nutriand Phys Activity. (2017) 14:1–24. doi: 10.1186/s12966-017-0558-z

 28. McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on health promotion programs. Health Edu Quart. (1988) 15:351–77. doi: 10.1177/109019818801500401

 29. Thornton CM, Kerr J, Conway TL, Saelens BE, Sallis JF, Ahn DK, et al. Physical activity in older adults: an ecological approach. Ann Behav Med. (2017) 51:159–69. doi: 10.1007/s12160-016-9837-1

 30. Ottoni CA, Sims-Gould J, Winters M, Heijnen M, McKay HA. “Benches become like porches”: built and social environment influences on older adults' experiences of mobility and well-being. Soc Sci Med. (2016) 169:33–41. doi: 10.1016/j.socscimed.2016.08.044

 31. Richard L, Gauvin L, Gosselin C, Laforest S. Staying connected: neighbourhood correlates of social participation among older adults living in an urban environment in Montreal, Quebec. Health Promot Int. (2009) 24:46–57. doi: 10.1093/heapro/dan039

 32. Zhong S, Lee C, Lee H. The role of community environments in older adults' intergenerational and peer social interactions. Cities. (2022) 129:103785. doi: 10.1016/j.cities.2022.103785

 33. Van Holle V, Van Cauwenberg J, De Bourdeaudhuij I, Deforche B, Van de Weghe N, Van Dyck D. Interactions between neighborhood social environment and walkability to explain Belgian older adults' physical activity and sedentary time. Int J Environ Res Public Health. (2016) 13:569. doi: 10.3390/ijerph13060569

 34. Oldenburg R, Brissett D. The third place. Qual Sociol. (1982) 5:265–84. doi: 10.1007/BF00986754

 35. Global Age-friendly Cities: A Guide. France: World Health Organization (2007).

 36. von Humboldt S, Mendoza-Ruvalcaba NM, Arias-Merino ED, Costa A, Cabras E, Low G, et al. Smart technology and the meaning in life of older adults during the Covid-19 public health emergency period: a cross-cultural qualitative study. Int Rev Psych. (2020) 32:713–22. doi: 10.1080/09540261.2020.1810643

 37. Peetoom KK, Lexis MA, Joore M, Dirksen CD, De Witte LP. Literature review on monitoring technologies and their outcomes in independently living elderly people. Disabil Rehabilit Assis Technol. (2015) 10:271–94. doi: 10.3109/17483107.2014.961179

 38. Haan Md, Brankaert R, Kenning G, Lu Y. Creating a social learning environment for and by older adults in the use and adoption of smartphone technology to age in place. Front Public Health. (2021) 54:729. doi: 10.3389/fpubh.2021.568822

 39. Schmidt T, Kerr J, Kestens Y, Schipperijn J. Challenges in using wearable GPS devices in low-income older adults: can map-based interviews help with assessments of mobility? Transl Behav Med. (2019) 9:99–109. doi: 10.1093/tbm/iby009

 40. Fagerholm N, Raymond CM, Olafsson AS, Brown G, Rinne T, Hasanzadeh K, et al. A methodological framework for analysis of participatory mapping data in research, planning, and management. Int J Geograph Inform Sci. (2021) 35:1848–75. doi: 10.1080/13658816.2020.1869747

 41. Portegijs E, Keskinen KE, Tuomola E-M, Hinrichs T, Saajanaho M, Rantanen T. Older adults' activity destinations before and during COVID-19 restrictions: from a variety of activities to mostly physical exercise close to home. Health Place. (2021) 68:102533. doi: 10.1016/j.healthplace.2021.102533

 42. Münch M, Weibel R, Sofios A, Huang H, Infanger D, Portegijs E, et al. MOBIlity assessment with modern TEChnology in older patients' real-life by the General Practitioner: the MOBITEC-GP study protocol. BMC Public Health. (2019) 19:1–10. doi: 10.1186/s12889-019-8069-2

 43. Fillekes MP, Giannouli E, Kim EK, Zijlstra W, Weibel R. Towards a comprehensive set of GPS-based indicators reflecting the multidimensional nature of daily mobility for applications in health and aging research. Int J Health Geogr. (2019) 18:1–20. doi: 10.1186/s12942-019-0181-0

 44. van Hoof J, Marston HR, Kazak JK, Buffel T. Ten questions concerning age-friendly cities and communities and the built environment. Build Environ. (2021) 199:107922. doi: 10.1016/j.buildenv.2021.107922



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Activity-friendly environments for active aging: The physical, social, and technology environments



		Introduction



		Physical environments



		The housing environment



		The neighborhood environment







		Social environments



		Technology environments



		Conclusion



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Activity-friendly environments
for active aging: The physical,
social, and technology
environments





OPS/images/fpubh-10-1080148-i001.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





