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Abstract

:

The MIT Media Lab City Science Group reshapes and reevaluates well-being as an emerging key indicator due the social challenges that cities are facing, such as inequality, police violence, and breaches to safety and security. Well-being in urban environments has been studied extensively, yet most research focuses on one aspect of well-being rather than multiple dimensions of well-being. Existing well-being indices that are used to compare well-being between different countries or to set a standards for well-being consider a variety of aspects that affect well-being, yet they are not specific to urban environments. When considering that no holistic and comprehensive research has been specifically conducted on well-being in urban environments, we research the relationship between the built features of an urban environment and well-being. In this paper, we propose a Well-Being Index composed of five urban indicators—Community Connectedness, Safety & Security, Physical Health, Mental Health, and Diversity—which are each described by a set of urban attributes that enhance well-being. Each attribute is quantified using a calculation formula. In addition to quantifying well-being, the Well-Being Index emphasizes specific urban features that urban planners should consider for future decision-making. We apply the Well-Being Index to predict well-being in Boston, Massachusetts, and Kansas City, Missouri, and we speculate that Boston has higher levels of well-being in terms of the city’s urban features. Based on our results, we provide suggestions for future choices in urban planning and design to improve the areas of well-being that we were able to identify with the Well-Being Index. We emphasize that the Well-Being Index can be applied to any city in the world, and can inform future decision-making for building urban environments through the CityScope platform; a novel methodology of interaction and collaboration by using a data-driven platform that simulates the impacts of interventions on urban ecosystems prior to detail-design and execution.






Keywords:


well-being; urban planning; community; safety and security; health; diversity












1. Introduction


Nowadays, more than 55% of the world’s population lives in urban settlements [1]. A remarkable amount of research has been conducted on urban environments, from the lenses of environmental science [2,3], health [3,4,5], and urban planning [6,7,8]. Many of these studies reflect the view that many cities endure challenges that are posed by environmental stressors and socioeconomic inequalities that consequently impact urban health and well-being. The complexities that are involved with well-being pose a great challenge for decision makers who lack tools and efficient metrics in order to assess and deliver efficient open governance.



Since 2013, the MIT Media Lab City Science Group researchers have been developing CityScope, a human-centered, urban modeling, simulation, and decision-making platform. CityScope sits in the intersection of urban-planning, human-computer interaction, and social sciences to support an evidence-based discourse around the nature of the built environments [9,10] (Figure 1). The goal of the CityScope platform is to foster community engagement processes among a diverse group of stakeholders from government, industry, and academia, and civilians to make collaborative decisions while using the CityScope table [11,12,13,14,15]. Due to the social and political challenges that cities face, such as inequality, police brutality, and concerns that are related to safety and security, the MIT Media Lab City Science Group rethinks well-being in the context of these problems, and how the CityScope platform can initiate discussions that are related to well-being in the time we live in.



1.1. City Science Urban Indicators


In this article, we outline the methodology behind urban well-being as an critical feature of the the urban indicators of the CityScope platform [16,17,18]. In the MIT Media Lab City Science Group, the urban indicators are used within the CityScope platform in order to measure the diversity and health of urban ecosystems. These urban indicators are expressed in the form of what we call the Radar Plot visualization tool, which is the mathematical visual that expresses the urban indicators on the CityScope platform (Figure 2).



The Radar Plot indicates urban performance that is based on ratios between sub-indicators that are grouped under the Density, Diversity, and Proximity headings used to organize the characteristics of people and amenities in a neighborhood. In addition to the Radar Plot, bar-charts express the correlation between the diversity of urban attributes in order to express specific facets of the urban performance within a neighborhood [19]. Finally, heat-maps are used to geo-localize the urban performance characteristics over the three-dimensional interface.



Although the heat-maps is not the main subject of this article, it is worth mentioning that they are the most important visual output of CityScope. The heat-maps convert the raw and hard data from the Radar Plot and urban indicators into a comprehensive geolocated information map [20]. Most of the time, the expression of the ranking between “good and bad” urban performance is translated into a rank of colors between red and green, where red is “bad” and green is “good” (Figure 3).



Thanks to this “simplified” yet precise data visualization, CityScope becomes a multi-level data platform for community engagement, where technical and non-technical people can gather in otder to understand the impacts of their common decisions on the urban tissue [21].




1.2. Overview of Well-Being


We first give a general overview of well-being and recognize that the multi-faceted nature of well-being allows for different approaches to understanding well-being [22,23]. Well-being, according to Merriam-Webster Dictionary definition, is in general the state of being happy, healthy, or prosperous, and it is a valuable facet of life and living, oftentimes affected by living situations and conditions. Well-being has been treated in many research fields, such as philosophy [24], social sciences [25], medicine [26], and psychology [27,28,29]. Most notably in the field of psychology, Maslow’s Hierarchy of Needs [28] which was introduced by Abraham Maslow’s publication Motivation and Personality, communicates how objective and subjective indicators of well-being satisfy various needs. Maslow postulated that people follow a pattern of recognition and satisfaction of needs. He also theorized that a person could not pursue a higher need in the hierarchy until the current need is satisfied. Maslow’s Hierarchy of Needs is often displayed as a pyramid, where the bottom levels are survival needs and the needs relate more to self-actualization near the top. Mehan and Soflaei discuss the human needs in urbanism as synonymous to the needs in Maslow’s Hierarchy of Needs, and translate such needs to the spatial qualities that are projected onto space designing [30]. For example, the spatial qualities in urban design that are associated with psychological needs are comfort, public services, firmness, and balance.



Well-being is typically categorized into two social indicators: objective and subjective [31]. Subjective indicators describe the ways in which people perceive and evaluate their lives and objective indicators describe the environments within which people live and work [32]. Diener et al. established four main components of subjective well-being: pleasant affect, unpleasant affect, life satisfaction, and domains satisfactions [33]. With these components, Diener and his colleagues developed the Satisfaction with Life Scale [29], which became the standard measurement of life satisfaction in the field of psychology. With this standard for measuring subjective well-being, recent research in psychology [27,33], medical science [26], and the social sciences [25,34] mainly draws upon data that were obtained from questionnaires that reflect people’s subjective well-being. Typically, subjective well-being is based on social survey data and self-reported scores in response to questions such as “How satisfied or happy are you with your life?” [22,25,35]. Such surveys and scores have been used in understanding how the urban environment affects subjective well-being. Mao et al. distributed a self-report questionnaire for participants to rate their perceptions of the presence of environmental quality, namely architectural and urban planning aspects, sociorelational aspects, functional aspects, contextual aspects, and neighborhood attachment, using a seven point Likert-type scale [36]. Bonaiuto et al. conducted cross-cultural survey studies regarding the perceived quality of urban features at the neighbourhood level using a questionnaire that inquired architectural, social, functional, and contextual aspects [37].



Objective indicators are rooted in social statistics or hard data and is defined by material resources (income, food, housing, etc.) and social attributes (education, health, social network, etc.) [22,34]. The objective approach to well-being originates in welfare economics on measuring poverty and inequality, and its influence on individuals’ fulfillment of life [31]. This approach is often used to inform national and international well-being indicators, such as the OECD’s Better Life initiative [38], and Japan’s proposed well-being indicators [39]. These frameworks attempt to measure societal development and quality of life while using standards of education, employment, health, income, social interactions, and safety. Defining objective well-being is considered a challenge due to the claim that objective well-being could be measured in terms of gross domestic product (GDP) [40]. However, well-being must reflect both material living conditions and the quality of life. Indeed, GDP per capita is found to have no correlation to life satisfaction [41], and, thus, differs from people’s perceptions of their well-being, in other words, subjective well-being. Therefore, objective indicators, such as GDP, are weak indicators of societal and individual well-being.



Although most research has leaned towards measuring either subjective or objective indicators of well-being, we find that a thorough understanding of well-being is especially critical to a discipline, such as urban planning, which focuses on developing environments and building features that affect quality of life. Studies regarding well-being and urban environments describe or analyze parks or community gardens and general health [32,42,43,44,45,46], climate or environmental quality [47,48,49], and stressors in urban environments, such as noise [4,50,51]. In particular, research on parks and green spaces has received much attention and concludes that these spaces contribute largely to physical health and activity [42,43,44,52,53]. Aside from physical health, the relation of urban features to mental health has been extensively studied, mainly by observing the effects of parks or green spaces, community gardens, to mood and anxiety [42,54,55,56,57,58,59,60].



We also call attention to knowledge-based urban development (KBUD), which approaches urban development using a variety of knowledge management systems to advance the economy and society, in order to understand the theoretical frameworks for approaching well-being in urban environments. KBUD is based on the generation of knowledge-intensive goods and service production, which are considered as the driving forces of the global market and critical elements to globally competing cities [61,62]. A city that is successful in the competition between urban locations measured by knowledge creation, economic growth, and development, is known as a ’knowledge city’, which encourages the generation of innovation, science, and creativity [63]. KBUD’s humanistic perspective on development focuses on generating economic prosperity, social order, sustainable environment, and appropriate municipal governance [62], and its conceptual framework is established by the relations between four kinds of development, namely economic development, socio-cultural development, environmental and urban development, and institutional development [64]. Within the conceptual framework, each kind of development is founded on a set of indicators that are closely tied to personal well-being e.g., quality of life, cultural diversity, and personal safety.




1.3. Review of Existing Well-Being Indices


Although our research mainly focuses on urban environments in the United States, we also consider well-being indices that are developed by non-U.S. countries. The country level indices when combined, covers the main elements that define well-being, such as health, satisfaction, safety, and social interactions. We presume that countries identify different standards of well-being due to the differences in economic situations, geographic locations, and inequality levels. We study well-being indices from three countries, U.S., Japan, and Australia, and also review the internationally established well-being indices used for comparing well-being on a global scale, in order to capture a comprehensive and inclusive definition of well-being. We evaluate various global and national indices of well-being indicators, most of which combine objective and subjective indicators of well-being [31]. We select two global indices, namely the OECD Better Life Index [38] and the Global Youth WellBeing Index [65], in order to compare multiple countries’ levels of well-being.



The OECD Better Life Index compares well-being across countries based on 11 topics that the OECD identify as essential to material living conditions and quality of life. The 11 topics are: housing, income, jobs, community, education, environment, civic engagement, health, life satisfaction, safety, work-life balance [38]. The Global Youth Wellbeing Index, an initiative of The International Youth Foundation, is specific to youth well-being, covers seven domains: gender equality, economic opportunity, education, health, citizen participation, safety and security, and information and communication technology [65]. In 2017, the Global Youth Wellbeing Index included 29 countries [65]. Scores for countries are on a 0 to 1 scale, with 1 being the highest [65]. The scores are chosen across the seven domains that are comprised of 35 indicators [65].



The national indices that we choose to observe which are national standards of well-being that are specific to a country, are Japan’s Proposed Well-Being Indicators [39], the United States’s Gallup-Sharecare Well-Being Index [66], Australian Centre on Quality of Life’s Personal Well-Being Index-Adults [67], and European Social Survey (while the European Social Survey does not explicitly identify well-being indicators, we use this to understand how well-being is evaluated in Europe) [68]. The Gallup-Sharecare Well-Being Index sends survey invitations once per month, 12 months per year, to collect data on U.S. adults aged 19 years and older to evaluate participants perceive their well-being in five domains: purpose, social, financial, community, and physical [66]. The Gallup-Sharecare Well-Being Index has been used in research related to health and urban environments [69,70]. In Japan, the aegis of the Japanese national government’s Cabinet Office established a Commission on Measuring Well-being in 2010 [71]. The proposed well-being indicators consist of three domains, with subjective and objective indicators for each domain: socio-economic status, physical and psychological health and social relatedness, and subjective well-being [39]. The Commission additionally considered sustainability as a conceptual domain [71]. A survey that was conducted in 2009 and 2010 helped establish five indicators of subjective well-being in Japan: subjective sense of happiness, ideal state of happiness, expected level of happiness in the future, sense of what is average, and emotional experience and gaps in well-being within households [71]. The Australian Centre on Quality of Life established a Personal Wellbeing Index (PWI) in 2013 with seven items of satisfaction where each item corresponds to a quality of life domain [67]. The seven items—standard of living, health, achieving in life, relationships, safety, community-connectedness, and future security—contribute to answering the question of how satisfied people are with their lives [67]. There exists PWI for adults (PWI-A), intellectual disability (PWI-ID), and school children (PWI-SC).




1.4. Research Objectives


We struggled to find research that studied various features of urban environments in order to present comprehensive indicators that affect well-being. Additionally, while most urban planning research studied well-being in a manner that quantifies the residents’ perspectives of their well-being through surveys or interviews, little research has provided concrete calculations or methodologies that predict how changes in urban environments affect well-being. We demonstrate an approach for predicting well-being in urban environments with quantified values. Our Well-Being Index is sensitive to the social settings of urban environments, and it avoids solely relying on traditional econometric indicators, such as income per household, which are less receptive of cultural contexts and values in international locations. We combine subjective and objective well-being indicators, so that, when a diverse group of people make urban planning choices using the CityScope platform, they can accurately comprehend the impact of their decisions. The Well-Being Index that we introduce can be used at the CityScope platform for the rapid assessment of urban policies that impact well-being aspects during community engagement process.



Referring back to Maslow’s Hierarchy of Needs, we find that most past research findings contribute to understanding how the bottom levels of the hierarchy, namely Physiological, Safety, and Love & Belonging, can be satisfied in urban environments. We attempt to expand how research that is related to urban planning and design treat well-being, and also consider how the Well-Being Index can cover higher needs in the hierarchy, namely esteem and self-actualization. Additionally, we build off of the KBUD framework that introduces elements of well-being in urban environments, and attempt to identify specific urban features that align with the indicators and developments that the framework outlines.



This study presents a holistic view of well-being by establishing a Well-Being Index that identifies urban features that contribute to well-being, and quantifies the impact of the urban feature on well-being. Our research presents the first of its kind to derive and apply numerical values of well-being as standards of comparison that can be used on the CityScope platform—an analytical support tool that is used to enable dynamic, iterative, and evidence-based decision-making between traditionally siloed stakeholders ranging from community members and government officials to domain experts. We go further and report well-being levels in Boston, Massachusetts, and Kansas City, Missouri as a potential use case for applying the Well-Being Index through CityScope. We use U.S. locations, which are well-known urban ecosystems to our research group, for the case study as a first step validation of the Well-Being Index, before we expand the breadth of the application of our work to international partners where validation can be more challenging. By providing these insights, we show how the Well-Being Index can provide predictions of well-being that can inform future urban planning and design processes to approach city building and place making from a human-centered perspective, that emphasizes the well-being on its residents.



In the next section, we explain the methodology that is used for establishing the urban indicators for well-being in our research, taking into account how well-being is measured by the various well-being indices that we introduced above.





2. Methodology


As mentioned, the goal of our research is to build a Well-being Index that merges subjective and objective well-being indicators in order to measure the impacts of urban ecosystems on well-being while using the CityScope platform. With this in mind, we looked into other fields of research, such as sustainability and ecology, where several effective methodologies for building new urban indicators have emerged. In this research we follow the recognized methodology by Gan et al. to build our urban indicators. Gan et al. introduces a review synthesis based on academic literature, international organizations, and research institutions, and selects and classifies methods for indicator weighting and aggregation [72].



In order to evaluate what indicators received the most focus in previous research, we first began by searching articles that are relevant to urban planning and well-being, and expanded our search based on the referred articles in the articles that we found. Our search was not limited to academic publications; we also referred to online sources and databases. We bring together the articles we found with the existing well-being indices, namely The OECD Better Life Index, Global Youth Well-Being Index, Japan’s Proposed Well-Being Indicators, the Gallup-Sharecare Well-Being Index, and Australian Centre on Quality of Life’s Personal Well-Being Index—Adults. For each existing well-being index, each article was categorized into the index’s indicator(s) if any indicator was aligned with the findings from the article. This categorization was manually conducted upon reviewing: (1) title and abstract of the article, (2) findings presented by the article, (3) available keywords of the article, and (4) the entire article’s text. Each time an article was categorized into the appropriate indicator, we accumulated the count to keep track of how many articles were categorized in the specific indicator. Once the categorization was complete, we compared the total number of articles across all of the indicators for one index. From this comparison, we focus on the three most popular indicators (the indicators with the most number of articles). The top three indicators for each well-being index as shown in Table 1 suggest that health, community or relatedness, and safety & security are consistently significant indicators of well-being in past research. Using the information that we gathered, we selected and named five urban indicators to incorporate all of the indicators that our analysis deemed significant to well-being in urban ecosystems.




3. Urban Well-Being Indicators in the Well-Being Index


Here, we describe the five urban indicators we selected and named.



3.1. Community Connectedness


Community Connectedness is the degree to which a given area provides opportunities for social interaction and cohesion. This indicator emphasizes parks and green spaces as well as architectural street designs. We define Community Connectedness with five attributes: Perceived Safety, Park Coverage, Park Accessibility, Walkability, and Community Gardens.




3.2. Safety & Security


Safety & Security is defined by people’s evaluation of how safe and secure their environment is and objective features in urban environments that affect the judgements toward environments. We define Safety & Security with three attributes: Perceived Safety, Park Coverage, and Use of Force Policies.




3.3. Physical Health


Physical Health includes attributes that either encourage physical activity or healthy food choices. We define Physical Health with four attributes: Perceived Safety, Community Gardens, Park Coverage, and Park Accessibility.




3.4. Mental Health


Mental Health, which is oftentimes subjectively evaluated through social survey data and self-reported scores [22,25,35], can be measured through the amount of exposure to nature, mental health support, opportunities for interaction, and perception of safety. We define Mental Health with four attributes: Perceived Safety, Park Accessibility, Social Interaction, and Community Gardens.




3.5. Diversity


Diversity refers to some variation in the distribution of characteristics among people [73]. Most of the existing well-being indices identify socio-economic conditions as an indicator that describes objective well-being indicators, such as income, housing, and education [38,39,66]. In the Well-Being Index, we attend to the variability of objective well-being, and take into account the various objective measurements of well-being while evaluating the diversity of those statistics. Hence, we call this indicator Diversity. We define Diversity with six attributes that are based on the categories of Diversity introduced by Boston Planning & Development Agency (BPDA), formerly known as the Boston Redevelopment Authority (BRA) [74]: Diversity: Race and Ethnicity, Diversity: Income, Diversity: Age, Diversity: Language Spoken, Diversity: Education Level, Diversity: Region of Birth.





4. Urban Attributes for Well-Being


In this section, we outline all of the urban attributes and the way that we quantify their impacts on well-being.



4.1. Perceived Safety


Perceived Safety is the perception of comfort or level of risk and it differs from actual safety, risk, or crime [75]. For example, people often perceive alleys as unsafe, although actual crime rates in alleys are low [76]. Perceived Safety can be affected by the physical features of an environment, such as light, open space, and access to real refuge [77]. Additionally, much research has been conducted with regard to public parks and feelings of safety [78]. More specifically, the perception of safety from crime was largely found to be influenced by the presence of law-enforcement, sufficient lighting, and presence of homeless people who use parks as living spaces [78,79,80,81,82]. Perceptions of safety from injury were related to the presence of heavy traffic, rocks, and debris [78,80,83].



Perceived Safety is often considered of paramount importance to all forms of activity, a prerequisite of well-being, good health, and high quality of life [84,85]. High levels of Perceived Safety encourage a sense of security and confidence, participation in physical activity in people’s neighborhoods, and social interaction [86]. This attribute is especially important to Physical Health because Perceived Safety is a precondition of physical activity [86,87]. Studies show that adolescents who perceive their neighborhood as safe, report better general health [88], are more likely to participate in physical exercise [89], and are less likely to have longstanding illnesses [90].



The Perceived Safety of the built environment strongly impacts the Mental Health of individuals. Stafford et al. found that the fear of crime was associated with poorer Mental Health and lower quality of life [91]. Davidson et al. investigated consequences of street harassment, including perceptions of safety and anxiety among college women. They found that lower levels of Perceived Safety in busy public settings and isolated public settings were associated with higher levels of anxiety [92]. Research has also demonstrated that Perceived Safety directly impacts Mental Health, because it largely affects an individual’s self-regard [93,94]. Further, the perception of safety is positively associated with Mental Health, where physical activity and social cohesion mediate this relationship [95].



In order to measure this attribute, we retrieve data pertaining to Perceived Safety from Numbeo, an online database of user contributed data about cities worldwide [96]. In addition to quantified values that inform Perceived Safety, Numbeo provides updated information on world living conditions, including the cost of living, housing indicators, health care, traffic, and pollution. Numbeo has agreed to share with the MIT Media Lab City Science Group their API for access to their data. Perceived Safety is difficult to predict solely with urban spatial qualities, and so we refer to Numbeo’s accessible data that are based on answers to surveys for our research. Numbeo’s data provide information about both country-wide and city-wide perceptions of safety and crime. For the purposes of our research, we select city data in order to understand Perceived Safety on the smallest scale possible i.e., city scale using Numbeo. Numbeo Crime Index designates a number from 0 (minimum) to 100 as an estimation of the overall level of crime in a given city or a country. The Crime Index scores are based on survey results that reflect respondents’ concerns or worries about being affected by crime. Crime Index scores that are lower than 20 are very low, scores between 20 and 40 are low, scores between 40 and 60 are moderate, scores between 60 and 80 are high, and scores higher than 80 are very high. Numbeo Safety Index, on the other hand, is the opposite of the Crime Index; if a city has a high Safety Index, then the city is considered to be very safe. Numbeo uses the Java programming language to process the survey results and generate Crime/Safety Index scores. We utilize the data from the Safety Index for our purposes of understanding Perceived Safety.




4.2. Park Coverage


Previous research has found that urban Park Coverage was positively associated with community well-being and enhanced the sense of engagement people have with the places where they live [43,97,98,99]. High Park Coverage can aid in constructing social capital, increasing perceptions of community well-being and perceptions of quality of life, facilitating neighborhood satisfaction, and fostering community attachments [43,99,100,101]. Additionally, Park Coverage is strongly correlated to improving perceptions of safety. Large grass fields, long view distances, and increased trees are found to increase the perceptions of safety [54,102]. While increased trees can increase perceptions of safety, it is important that the trees and grass are well-maintained [97,98].



We measure Park Coverage by the following equation [103]:


   P a r k  C o v e r a g e   ( % )  =   p a r k l a n d   c i t y  a r e a   × 100   



(1)







The Trust for Public Land calculates Park Coverage while using data that were collected in an annual survey by The Trust for Public Land’s Center for City Park Excellence [103]. Using census-defined urban areas to identify where to collect and create data for cities, towns, and communities, the Trust for Public Land obtained geographic boundaries from the U.S. Census 2010 Places geospatial dataset and population estimates from ESRI’s 2018 Demographic Forecasts. We refer to the ParkScore they provide to rank Park Coverage scores in our case study.




4.3. Park Accessibility


Park Accessibility is the accessibility of a park from a given location. Parks that are largely free and accessible could provide opportunities for social interaction between people [104]. Other studies found that the association between green space and supportive interactions had less to do with actual contacts with neighbours and more to do with the green space’s ability to strengthen the sense of community via place attachment and identity [105,106].



Past research suggests that neighborhoods that are near green spaces in urban areas promote physical activity [107,108]. The benefits that arise form this kind of physical activity in natural environments i.e., ‘green exercise’ is found to extend beyond the physical benefits of physical activity and actually increase savings in health services by ameliorating required treatment [54,109]. Green exercise, in addition to promoting physical health, has positive influences on mental health, self-reported health, and mood and self-esteem [42,55,56,57,58,59]. A study that was conducted by Carter and Horwitz revealed that, while all respondents discussed their use of green space for physical activity, they spoke more about how being in green spaces made them feel [56]. One respondent acknowledged that being in a green space is essential for emotional and psychological health, and another answered that being in green spaces enhances relaxation, and hence a sense of well-being. As a result, people who experience the presence of green spaces perceive their general health and mental health better [110]. Additionally, green spaces have the potential to mitigate pollution and, therefore, support health [110].



We consider the proximity to a park in terms of the how reachable it is within a given time limit in order to measure this attribute. Research shows that the median distance and duration of waking trips among walkers are 0.5 miles and 10 min [111]. When considering these data, we consider a park to be very accessible if it can be accessed within a 10 min walk, which roughly estimates a distance of 0.5 miles. The accessibility score at each location, given by the equation below, is computed by summing the capacities of the reachable places. The accessibility to any type of point of interest from any location is articulated below [112].


    A n x  =  ∑  p ϵ  P n x     C p     



(2)







   A n    = Accessibility of places of interest of type x from location n



   P n x    = Set of places of interests of type x which are reachable within a 10 min walk from location n



   C p    = Capacity of point of interest p



For each goal point of interest, the overall accessibility score is found by averaging the accessibility across all of the applicable places of interests.



We refer to the Trust for Public Land Park ParkScore Index, which provides a normalized score of Park Accessibility between 0 and 100. For each park studied, a 10-min walkable service area was created and analyzed in order to identify physical barriers to walking [103]. Using the 10-min walk service areas, overall access statistics were generated for each point of interest.




4.4. Park Quality


Larson et al. analyzed data from over 100 cities in the United States and found that Park Coverage was among the strongest contributors to overall well-being and that residents reported higher levels of well-being with greater Park Coverage in their cities [70]. However, other research suggests that the Park Quality is at least as important as Park Coverage and Park Accessibility in encouraging physical activity [113].



We introduce the equation for calculating Park Quality, which is informed by The Trust for Public Land [103].


   Q u a l i t y =     ∑  i ϵ n      a i   c a p i t a    n    



(3)







   a i    = Amenity



n = Total number of key amenities



We refer to The Trust for Public Land Park ParkScore Index, which measures Park Quality by awarding points for the availability of six key park amenities on a per capita basis [103]. The six key park amenities are also outlined by The Trust for Public Land Park ParkScore Index: basketball hoops, off-leash dog parks, playgrounds, recreation and senior centers, restrooms, splashpads, and spraygrounds [103].




4.5. Walkability


Walkability is based on the distance to amenities. The relationship between walking or Walkability and social interactions have been the subject of various studies [114]. Walkability includes accessibility to third places, which are places that foster communication networks and community outside of first and second places [115,116]. Examples of third places include shops, restaurants, community centers, places of worship, plazas and parks, and malls, markets, and beauty salons [116]. If there are more opportunities for social interaction and social activities, the chances for developing long-lasting and caring connections are greater [43,115]. Research suggests that streets that are designed for walking and cycling promote social interactions, which, in turn, enhances mental and physical health, because walking can increase the chance of incidental social encounters [43]. A case study in Montreal, Canada demonstrated that walking is a strong predictor of social participation by the elderly [117].



The Walk Score website rates the Walkability of neighborhoods on a 0–100 scale, based on pedestrian friendliness and walking routes to destinations such as grocery stores, schools, parks, restaurants, and retail [118]. A growing number of research suggests that Walk Score is a valid measure for estimating Walkability [119,120,121].




4.6. Community Gardens


Community Gardens are community spaces that help to foster social interactions [43]. Bartolomei et al. researched the social role of Community Gardens in Sydney, Australia, and confirmed that the contributory role of Community Gardens in strengthening social interaction [122]. Community Gardens are based in a sense of community, where participation and involvement allow for a wide range of participants to share tools and responsibilities and, as a result, foster relationships over time [123,124].



Community Gardens enhance the accessibility to better nutrition and healthier food and promote physical activity [44,125]. In one study in West Hollywood, students participating in community gardening reported that the frequency of physical activity and the consumption of fruits and vegetables have increased [44]. The health benefits of Community Gardens extend beyond the promotion of physical activity and access to healthy food, and they have been found to decrease the likelihood of contracting mental illnesses [45,52,126,127]. The participants of Community Gardens indicate that the reasons for their participation include access to fresh and better tasting food, enjoyment of nature, and better Mental Health [53]. Gardening has the effect of reducing stress, as measured by self-reported mood and salivary cortisol levels, which act as biomarkers for variation in stress levels [128,129].



We establish the following equation, which calculates the number of Community Gardens per 1000 residents:


     n u m b e r  o f  c o m m u n i t y  g a r d e n s   p o p u l a t i o n   × 1000   



(4)







The value of this attribute is normalized on a 0–100 scale by deriving the rank percentile of the value based on the available data of 69 cities in the U.S that were gathered by The Trust for Public Land in 2019 [103].




4.7. Use of Force Policies


With recent surges in activism for Black Lives Matter and protests against police brutality, the presence of police have become controversial [130,131,132]. The Police Use of Force Project examines eight Use of Force Policies that have been studied and shown to decrease the number of killings by the police, as shown in Table 2. According to Mapping Police Violence, a research collaborative that collects data on police killings in the U.S. in order to quantify the impact of police violence, police killing is a case where a person dies as a result of being “shot, beaten, restrained, intentionally hit by a police vehicle, pepper sprayed, tasered, or otherwise harmed by police officers, whether on-duty or off-duty” [133]. The Police Use of Force Project found that police departments that enforced four or more of the policies had the fewest killings per population and per arrest. A police department that has all eight policies in place has 72% fewer killings than a police department with none of the policies [134]. Although the enforcement of Use of Force Policies will not resolve police brutality, we recognize that it is one step toward building a society that respects marginalized and vulnerable groups, and contributing to social change.



We weigh each of the policies based on the policy’s impact in terms of percent change in killings by police in order to quantify this attribute. We establish the following equation:


   I m p a c t  o f  U s e  o f  F o r c e  P o l i c i e s =     ∑  p ϵ n     p  p e r c e n t       ∑  j ϵ m     j  p e r c e n t     × 100    



(5)







p = The implemented Use of Force policy



   p  p e r c e n t     = Percent fewer killings per capita associated with the implemented Use of Force Policy p



n = Set of all implemented Use of Force Policies



j = The Use of Force Policy



m = Set of all Use of Force Policies that can be implemented



This calculation does not represent the accurate percent change of police killings when certain policies are enforced. Instead, we measure the potential impact that each policy can bring to decreasing police killings. The maximum importance possible is the sum of all of the percentages across the eight policies. We sum the relative importance of each policy implemented with respect to the sum percentage, and then derive how the implemented policies could decrease police killings.




4.8. Social Interaction


Social Interactions contribute to Mental Health and mitigating depression [135]. Socialization can enhance connection and caring, increase perceptions of safety, and decrease feelings of loneliness and isolation, all of which are linked to positive Mental Health [86].



Social Interaction is equivalent to the composite score of Community Connectedness indicator, because this indicator expresses how much an urban environment fosters opportunities for Social Interaction. We calculate this while using min Equation (7), which is discussed in a later subsection.




4.9. Diversity


Diversity: race and ethnicity is defined by the variety of ethnic and racial groups within a specific area. We use the six categories defined by the U.S. Census Bureau, which are: White, Black or African American, American Indian and Alaska Native, Asian, Native Hawaiian and Other Pacific Islander, Some other race [136].



Diversity: income is the variance in household income within a given area. We define three main categories: households with annual incomes of less than $35,000, households with annual incomes between $35,000 and less than $100,000, households with annual incomes that are greater than $100,000.



Diversity: age is the variation in ages of the residents in a location. We define four main groups: residents under 20 years of age, residents between 20 and 34 years of age, residents between 35 and 64 years of age, and residents over 65 years of age.



Diversity: language spoken is the variability of languages spoken at home by residents of a specific area. We use the five categories established by the U.S. Census Bureau: only English, Spanish, Other Indo-European languages, Asian and Pacific Island languages, and Other [136].



Diversity: education Levels is the variety of levels of educational attainment of the residents in a specific geographic area. We identify three categories: people without a high school diploma or GED equivalency, people with a high school diploma or GED equivalency or some college (no degree) or associate’s degree, people with a bachelor’s degree or higher. These categories are limited to residents of 25 years or over.



Diversity: region of birth is defined as the plurality in the region of birth of a population in a given area. We use the four categories outlined by the U.S. Census Bureau: residents born in state, residents born out of state, residents outside of the U.S. (Puerto Rico or U.S. Island Areas or born abroad of American parents), residents born in foreign countries [136].



The calculation used for measuring Diversity in each of the six aspects is [74]:


   D i v e r s i t y = 1 − ∑  p 2    



(6)




p = Probability of coming across someone with this characteristic.



For example, if we were to calculate Diversity: Race and Ethnicity, which determines how diverse a given area is in terms of race and ethnicity, then p is the percentage of a particular race or ethnicity that is represented in a given population. If half of the population were white, then    p = 0.5   . The cumulative sum of all the probabilities are subtracted from 1, representing the idea of coming across someone different. The score is normalized to a 100-point scale and it is performed for each of the six Diversity attributes, and eventually combined in order to create a composite Diversity score.





5. Composite Scores


In order to measure importance, we use equal weighing [72,137], the most common aggregation scheme for calculating composite scores for each indicator, and eventually for the composite well-being score. Equal weighing recognizes the equal status for all sub-indicators and is used when there is little statistical or empirical evidence that supports a different strategy [138].



In order to calculate a composite score, we aggregate over all of the normalized input variables (in this case, attributes for calculating composite indicator scores and indicators for calculating a composite Well-Being score). We use the weighted arithmetic average described below [72].


   S c o r e =  ∑  i = 1  n   w i   x i    



(7)







n = Total number of input variables



w = Nominal weight assigned to the i-th variable



x = Normalized score of input variable i



For the purposes of our study, we set    w = 1    to conduct equal weighing. We normalize the composite score on a 0–100 scale.




6. Case Study Comparing Boston, MA and Kansas City, MO


We predict that the outputs of the Well-Being Index will reflect the extreme differences between the urban ecosystems. We remain agnostic about the governance structures or politics that are embedded into the two urban environments in order to focus on the peripheral urban features that are present. After computing the scores for attribute, we normalize the values between 0 and 100 rounded to the nearest hundredth place, as presented in Table 3. Using Equation (7), we calculate the composite scores of the five indicators and normalize the outputs so the sores are between 0 and 100. The results of well-being according to the attributes and indicators we propose are displayed in Table 4. The data that we use are easily accessible in that all data can be found through online sources.




7. Results


According to the Well-Being Index, we find that Boston has a higher level of well-being in comparison to the well-being of Kansas City, as shown in Table 4. Across all five urban indicators that compose the Well-Being Index, Boston has higher scores than Kansas City. Further, all but one attribute score is higher in Boston than Kansas City (Table 3). The stark differences in scores across the attributes contribute greatly to the variance in indicator scores between the two cities.



Boston has an evidently higher score in Community Connectedness than does Kansas City. Observing the six urban attributes that contribute to this indicator, we find that the scores for each attribute for Kansas City are significantly low. Here, we focus on Park Coverage, Park Accessibility, and Walkability, which are the three urban attributes that present the most noticeable differences between Boston and Kansas City. Boston is ranked ninth and Kansas City is ranked thirty-second, according to ParkScore by The Trust for Public Land [103]. Boston has much higher values across the all three park attributes i.e., Park Coverage, Park Accessibility, Park Quality than does Kansas City. The most noticeable difference between the scores for Boston and Kansas City with respect to the park attributes, is evident in the scores for Park Coverage and Park Accessibility. With regard to Park Accessibility, Boston exhibits an impressively high score as 100% of its residents live within a 10-min walk from a park, while only 70% of Kansas City residents live within the same walking distance [103]. The Trust for Public Land also provides accessibility comparisons between age, income, and race. Boston has 100% accessibility for all categories of age, income, and race while the accessibility varies greatly, depending on age, income, and race in Kansas City [103]. However, given that the national average of Park Accessibility is 55%, we consider both Boston and Kansas City to have relatively high accessibility to parks. Interestingly, while Boston’s median park size is extremely small in comparison to other park size in the U.S., including Kansas City, the vast number of parks in Boston (930 parks) accumulate to a greater score for Park Coverage [103]. On the other hand, Kansas City has the maximum score for its median park size, but its number of parks is roughly half of the number of parks (471 parks) in Boston [103].



By observing the scores, we procured from the calculations for each of the three urban attributes of Safety & Security, we recognize that Kansas City has a significantly low score, because of its low score in the attributes Use of Force Policies and Park Coverage. As of October 2020, Boston Police Department has in place seven Use of Force Policies, where the unenforced policy is the requirement for comprehensive reporting [134]. Kansas City Police Department is the only police department of America’s largest 100 police departments that does not have a single Use of Force Policy enforced [134]. Given this information, we predict that if Kansas City Police Department arranged for a combination of Use of Force Policies to be implemented and changed policy practices, then this change could consequently improve the score for Safety & Security. Additionally, from January 1, 2013 to December 31, 2019, 12 and 28 people have been killed by the police in Boston and Kansas City, respectively; nine of the killings by the Boston police and 17 of the killings by Kansas City police were Black [133].



Further, there is a notable difference in the Perceived Safety scores between Boston and Kansas City, which influence the composite scores for several urban indicators in the Well-Being Index. We draw conclusions about Perceived Safety with regard to each city from Numbeo, which calculates crime and safety based on perceptions of website visitors gathered through surveys from the past 36 months. Numbeo uses data from 143 website visitors (September 2020) to measure crime and safety in Boston and 67 website visitors (July website) to do the same in Kansas City [96], and we recognize that there is a limitation to collecting accurate data due to the sample size.



We find that Diversity is the only urban indicator in which the scores of Boston and Kansas City are comparable. Diversity: Age is the only urban attribute out of all urban attributes in the Well-Being Index, where Kansas City has a higher score. We also take note of the similar scores for Diversity: Income.




8. Discussion


First, we highlight the results at the methodological level in order to emphasize that the Well-Being Index is a scalable tool that informs decision-making. Next, we propose that the Well-Being Index can be used in any city in the world, given that the data is available and accessible. Lastly, we discuss how the findings from the case study and from the Well-Being Index in a broader context, can be extended to identify shortcomings in current built environments, and can help to inform future decision-making to enhance well-being.



8.1. Application of the Well-Being Index to CityScope


The Well-Being Index does not depend solely on objective indicators of well-being, such as income, food, and healthcare. While these measurements are easily attainable, they alone do not capture the various features that affect well-being in urban environments. Instead, we combine subjective and objective indicators of well-being to illustrate a holistic view of well-being and to allow for a diverse group of decision makers to make future choices for urban planning and design while using the CityScope table. Our holistic approach to well-being can be deployed and used by the City Science Network of Collaborative Cities, which is a network that gathers the urban knowledge and challenges in cities across four continents to collaboratively discuss global and individual solutions [139]. The Well-Being Index can be used for the CityScope platform for the rapid assessment of urban policies that impact well-being, and simulate community engagement processes enabled by the City Science Network of Collaborative Cities.




8.2. Informing Future Choices for Urban Planning and Design


The Well-Being Index identifies areas of improvement in urban environments through the scores that it generates for each of the five urban indicators. For example, a low score in Physical Health indicates that, currently, the urban environment lacks strong urban attributes of Physical Health that influence well-being. From this, urban planners and designers can deliberate ideas for augmenting the urban attributes that contribute to Physical Health. Below, we provide recommendations for future choices in urban planning and design that focus on improving the urban features we identify in the Well-Being Index.



8.2.1. Perceived Safety


Perceived Safety is an omnipresent attribute in the Well-Being Index, and elevating Perceive Safety could significantly improve multiple urban indicator scores and as a result, the composite well-being score. Perceived Safety is based on the levels of comfort that people attain through their lived experiences and, thus, Perceived Safety levels vary between individuals. Yet, we incorporate Perceived Safety as one of the urban attributes to consider how living conditions and surroundings largely influence the perceptions of neighborhoods and environments. We suggest urban planners and designers revisit the built features of an environment and their qualities to reconsider how Perceived Safety could be increased. Streets or areas that feel unsafe due to dim lights or a lack of street lamps should be reviewed and improved accordingly to allow for more activity and continued usage of facilities such as parks or outside sports areas [79,83]. Playground and park designs that are considerate of their distances from heavy traffic streets can significantly improve Perceived Safety if these gathering areas are distanced from busy streets [78,79].




8.2.2. Use of Force Policies


Enforcement of Use of Force Policies can not only decrease police killings but also help civilians feel safer than they are now upon encountering the police. Land-use regulations and how police inhabit space should be reconsidered alongside when considering the implementation of Use of Force Policies; these changes could affect Perceived Safety and Safety & Security at large.




8.2.3. Parks


In order to explain improvements of park attributes, namely Park Coverage, Park Accessibility, and Park Quality, we return to the case study. Given that Boston has a small median park size but an impressive number of parks spread throughout the city, we suggest Boston could benefit from urban planning and design choices that focus on expanding median park size. On the other hand, we find that Kansas City has an exceptional median park size, but it has much fewer parks, and so we propose that Kansas City could benefit from increasing the number of parks. Further, if urban planners consider the spread of parks then this could consequently improve the Park Accessibility of the city. Thus, depending on the situations of parks in the current environment, the approach to improving its parks attributes may differ. We recommend that urban planners and designers first determine the current number of parks and median park size to devise a strategy for improving overall Park Coverage. As a result of an effort to enhance Park Coverage, improvements in other urban attributes, such as Park Accessibility may follow.




8.2.4. Walkability


We measure Walkability through the two aspects of pedestrian friendliness and walking routes to destinations. Urban planners and designers should consider how either or both of pedestrian friendliness and walking routes to destinations can be enhanced with future choices in order to improve the Walkability of a given area. For example, retail, lobbies, or events that have the potential for large gathering, should be placed strategically along walking routes to attract and engage the public. Additionally, the width of walkway paths can be another factor to consider. Previous research shows that sidewalk width is a prerequisite for supporting other street characteristics or features that can enhance stationary social interactions and feelings of inclusiveness and participation [30,140]. Thus, future place making should focus not only on establishing accessibility and walkable places, but also on designing walkways that can be used safely for social gatherings.





8.3. The Well-Being Index in the Context of Maslow’s Hierarchy of Needs


We explained earlier that most past research contributes to understanding how the bottom levels of the hierarchy, namely physiological, safety, and love & belonging, can be satisfied in urban environments. We evaluate whether the Well-Being Index is able to account for the higher needs in the hierarchy, namely esteem and self-actualization, in addition to the needs in the bottom levels of the hierarchy.



The Well-Being Index adequately covers physiological needs by considering basic survival necessities in urban environments with accessibility to food with the attributes Community Gardens and Walkability (to grocery stores) and, more broadly, the urban attributes of the Physical Health indicator. The next level in the hierarchy is safety, which is fully accounted for in the Safety & Security urban indicator of the Well-Being Index. The Well-Being Index considers love & belonging needs specifically with Social Interaction and other urban features that enable this need, such as Perceived Safety, Park Coverage, Park Accessibility, Walkability, and Community Garden. Esteem, which is defined by respect, status, strength, and freedom, is empowered through Community Connectedness. In addition to the urban attributes of Community Connectedness, civic participation or engagement can augment esteem by strengthening the community’s voice and participation in decision-making. This is considered for in the Well-Being Index itself, and the CityScope platform that allows for diverse stakeholders to collaboratively make decisions. Further, enforcing Use of Force Policies and meeting the demands of justice and respect for the lives taken due to police brutality are practical courses of action that can be taken to enhance the respect and recognition of residents’ well-being. Perceived Safety, which largely influences an individual’s self-regard, in turn affects Mental Health [93,94]; thus Perceived Safety is essential to satisfying esteem needs. Lastly, self-actualization is the most difficult need of all to satisfy, but the consolidation of all the urban indicators that we present in the Well-Being Index can advance opportunities for reaching full potential. Specifically, an establishment of policies and support systems that focus on Mental Health can assist in allowing for creativity, pushing past challenges, and seeking personal growth. In addition to the KBUD framework that recognizes cultural diversity as an indicator that belongs to socio-cultural development [64], research has found that Diversity enhances community well-being and conditions that enable people to live together and that there is a significant relationship between the well-being of a society and tolerance towards diverse groups that exist within the society [141,142]. In this view, Diversity in the context of Maslow’s Hierarchy of Needs, is a spatial quality that aids in the satisfaction of self-actualization needs.




8.4. Limitations


Currently, the data we use to predict the well-being of Boston, MA and Kansas City, MO are based on city-wide information. For the purposes of this case study, we use city level data to simplify the discussion and to make a point regarding how the data are easily accessible. However, city level predictions come with the risk of generating numerical predictions that might be generalizing, undermining, or exaggerating the effect of some of the urban attributes and indicators. Alternatively, data based on a smaller geographic region, such as a county, district, or neighborhood would contribute greatly to fine-grain analysis and understanding of well-being in a local sense. A focus on a smaller location could help avoid the potential problems that might arise from applying the Well-Being Index on a city-wide level, which we raised earlier. For example, instead of studying the well-being of Boston as a whole, the Well-Being Index could be utilized to estimate and compare well-being in Boston’s neighborhoods, such as Roxbury and Jamaica Plain, with differing socio-economic conditions and urban ecosystems.




8.5. Recommendations for Future Research


In addition to using data that are focused on a smaller region, we recommend using ethnographic approaches, such as interviews and fieldwork, to interact with community members and validate the results produced by the Well-Being Index. Because we use Numbeo’s data, we involve some individual evaluation and reports of their well-being, but more qualitative methods could be taken to validate the scores for well-being. Further, qualitative approaches could clarify parts of the Well-Being Index that are insufficient and inform future improvements. Especially with regard to the evaluation of police presence, future research should consider reviewing a range of literature, from opinion editorials to academic publications, and additionally conversing with community members to place value on residents’ opinions and reactions to police presence.



While the current Well-Being Index considers police presence and the Use of Force Policies that affect well-being, the Index requires further improvements by closely observing the governmental structures and specific policies that contribute to well-being. In future works, we hope to understand the impact of policies and regulations within urban environments to accurately capture the interplay between various power structures, urban policies, and well-being.



Currently, we are performing a linear calculation in order to generate scores for the urban attributes and indicators, by considering the minimum and maximum possible scores. The accuracy of the predictions could be improved by performing a more complex calculation that takes into account not only the minimum and maximum values, but also a standard of comparison, such as state or national averages and medians. Yigitcanlar and Lönnqvist’s min-max normalization technique, which reflects the distribution of the indicator values and presents a relative scale according to the best and worst values, could be employed as a new weighing method [64].





9. Conclusions


Thus far, within the urban planning and design community and adjacent literature, research has studied well-being in relation to only a select few urban features. We recognize that not much research has established a complete study of various urban features that influence well-being from both subjective and objective lenses. Additionally, we have stressed how traditional objective indicators, such as GDP, are weak for measuring well-being. This is one of the main reasons why we conduct this research to reshape well-being indicators and establish a comprehensive set of well-being indicators that integrate subjective and objective indicators of well-being for our CityScope platform. We propose a Well-Being Index with five urban indicators that are based on urban attributes. The five urban indicators are Community Connectedness, Safety & Security, Physical Health, Mental Health, and Diversity, and, together, they represent a comprehensive collection of urban features that affect well-being. For each urban attribute, we provide calculations to quantify its impact on well-being. Although our case study is based in the U.S., the Well-Being Index can be applied to any urban environment world-wide. The blend of subjective and objective indicators of well-being allows for the identification and consideration of various urban features that require attention and improvement. By applying the Well-Being Index to the CityScope platform, a diverse group of stakeholders can collaboratively make future decisions for urban planning and design by focusing on well-being.
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Figure 1. The MIT Media Lab City Science Group proposes a novel methodology of interaction and collaboration called CityScope, a data-driven platform that simulates the impacts of interventions on urban ecosystems prior to detail-design and execution. As stakeholders collectively interact with the platform and understand the impact of proposed interventions in real-time, consensus building and optimization of goals can be achieved. CityScope platform is composed of two layers: (i) computational (abstract) and (ii) tangible (physical). 
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Figure 2. The radar plot is a visual tool that shows an aggregation of normalised indicators/attributes that are clustered in three different Dimension (Density, Proximity, Diversity. Note that sometimes, the radar shows also Energy as a dimension). This indicators or attributes can change depending on the avail-able data and the focus of the research question of each city or neighborhood. The inner shade (in blue in this figure) shows the urban performance of the area of study (a City, a Neighborhood, a District, a 1     km 2  , …   ). The outer line of the radar means high performance (“good”) of the indicator. The center of the radar shows low performance of the indicator (“bad”). The green line shows the benchmark or goals that the community wants to achieve with the urban intervention. 
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Figure 3. The CityScope platform makes both the physical structure and data layer of a city visible at once, and allows for users to interact with the computational analysis through a three-dimensional tangible interface. The platform enables users to view the urban environment as a multilayered space, in which overlays of data can be compared in real-time. This direct visual relationship between data and space allows for an intuitive comprehension of what would normally be a complex data set. The platform uses a screen and a tangible input table with projection mapping made with LEGO modules. 
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Table 1. The top three indicators classified with the most articles for all of the existing well-being indices.
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	Well-Being Index
	Top Indicator
	Second Indicator
	Third Indicator





	OECD Better Life Index
	Health, Environment

(tied with 1st)
	Community
	Safety



	Global Youth Well-Being Index
	Health
	Citizen Participation
	Safety & Security



	Japan’s Proposed Well-Being Indicators
	Relatedness
	Health
	Socio-Economic Conditions



	Gallup-Sharecare Well-Being Index
	Community
	Physical
	Social



	Personal Well-Being Index—Adults
	Health
	Community
	Safety, Future Security

(tied with 3rd)
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Table 2. Use of Force Policies that are associated with fewer police killings.
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	Policy
	Percent Fewer Killings Per Capita with Each Policy in Place





	Requires comprehensive reporting
	25



	Requires the office to exhaust all other measures before shooting
	25



	Bans chokeables and strangleholds
	22



	Has use of force continuum
	19



	Requires de-escalation
	15



	Duty to intervene
	9



	Restricts shooting at moving vehicles
	8



	Requires warning before shooting
	5
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Table 3. Normalized scores between 0 and 100 of attributes relevant to the Well-Being Index for Boston, MA and Kansas City, MO.
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	Attribute
	Boston, MA
	Kansas City, MO
	Data Source





	Perceived Safety
	64.48
	41.06
	Numebo Safety Index [96]



	Park Coverage
	90
	44
	The Trust for Public Land [103]



	Park Accessibility
	100
	54
	The Trust for Public Land [103]



	Park Quality
	65.17
	47.5
	The Trust for Public Land [103]



	Walkability
	82
	35
	Walk Score [118]



	Community Gardens
	66.67
	52.17
	The Trust for Public Land [103]



	Use of Force Policies
	96.09
	0
	Use of Force Project [134]



	Social Interaction
	80.63
	45.25
	Community Connectedness indicator composite score



	Diversity: Race and Ethnicity
	55.38
	46.95
	U.S. Census Bureau [136]



	Diversity: Income
	65.50
	64.74
	U.S. Census Bureau [136]



	Diversity: Age
	71.26
	72.26
	U.S. Census Bureau [136]



	Diversity: Language Spoken
	55.73
	24.49
	U.S. Census Bureau [136]



	Diversity: Education Level
	58.34
	55.84
	U.S. Census Bureau [136]



	Diversity: Region of Birth
	66.96
	57.41
	U.S. Census Bureau [136]
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Table 4. Composite Well-Being scores for Boston, MA and Kansas City, MO.
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	Indicator
	Boston, MA
	Kansas City, MO





	Community Connectedness
	80.63
	45.25



	Safety & Security
	83.52
	28.35



	Physical Health
	80.29
	47.81



	Mental Health
	77.95
	48.12



	Diversity
	62.20
	56.62
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