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A B S T R A C T

Research on place and health has grown rapidly in recent years, including examining the physiological embo-
diment of place-based exposures. While this research continues to improve understanding of why place matters,
there is particular need for work capable of revealing: 1) which places matter, i.e. spatially-specific notions of
“place”); 2) how these places matter—processes and mechanisms of the physiological embodiment of place; and
3) potential intergenerational and life stage differences in place-embodiment experiences/perceptions. The re-
search presented here seeks to make contributions in each of these areas through developing the “geographies of
embodiment” concept. Drawing from a multi-method intergenerational community-based participatory research
project examining place and health, the research presented here specifically highlights X-Ray Mapping as a new
methodology to elucidate subjective notions of place-embodiment within place-health research. Participants
were recruited as parent-child dyads and trained in four participatory research methods, including X-Ray
Mapping. Participants used X-Ray Mapping and a multimedia-enabled web-based mapping platform to map their
“geographies of embodiment”. X-Ray Mapping results revealed that 49% of youth place-embodiment locations
were spatially outside of their residential census tract—with 75% of positive place-embodiment locations outside,
and 66% of negative place-embodiment locations inside. Overall, 67% of youth and adult positive place-embo-
diment locations were outside of their residential census tract. Through mapping “geographies of embodiment”
via participatory methods like X-Ray Mapping, we can gain greater insight into what is embodied (i.e. specific
experiences/exposures), and where (i.e. spatially-specific). These gains could improve development of quanti-
tative place-health metrics and enhance efforts to uncover/intervene on the “pathways of embodiment”—spe-
cifically, those elements of local social, political, economic, and environmental contexts that constitute ex-
pressions of social inequality.

1. Introduction

Place-health research has grown rapidly over the last fifteen years
(Roux et al., 2010; Ellen et al., 2001; Pickett and Pearl, 2001; Riva
et al., 2007; Sampson et al., 2002). However, major conceptual and
methodological challenges remain in defining “place”, characterizing
place contexts, and measuring place (Bernard et al., 2007; Chaix et al.,
2009; Cummins, 2007; Cummins et al., 2007; Cutchin, 2007; Diez Roux,
2004; Roux and Ana, 2001; Frumkin, 2006; Kwan, 2009, 2012;
Macintyre et al., 2002; Matthews, 2008; Merlo, 2011; Mujahid et al.,
2007; O’Campo, 2003; Rainham et al., 2010; Spielman and Yoo,
2009)—all of which have implications for place-health research, public
health practice, and the design and implementation of place-based

strategies. One area of place-health research that is especially beholden
to these challenges is work examining the physiological embodiment of
place and how it affects health and well-being over time.

Scholars within health geography (Dorn and Laws, 1994; Hall,
2000; Kearns, 1997; Parr, 2002) and feminist geography (Dyck, 2003;
Katz, 2001; Longhurst, 1997), have long called for more explicit cen-
tering of the body as both a site and vehicle of social production, social
reproduction, and resistance within health studies. The body, from
these perspectives, is not an un-gendered, un-sexed, un-racialized bio-
logical mass and site of disease inscription existing in apolitical space.
Rather, bodies are simultaneously social and biological, and both pro-
ducts and (re)producers of social and political relations structured by
and within power hierarchies. The health state of bodies, as both
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objectively presenting and subjectively represented, thus reflects em-
bodied social relations. Likewise, scholars within political ecology of
health (Guthman and Mansfield, 2013; Harper, 2004; Jackson and
Neely, 2015; King, 2010) have argued for a “biosocial” perspective of
the body in geographic space. They highlight the imperative of situating
health within a broader ecological framework that includes not only
biological bodies, but also natural, chemical, built, and social en-
vironments, along with the larger social, economic, and political
structures that shape distributions and spatial configurations of health
exposures encountered within local spaces. This work is similarly
concerned with the “geographic processes that produce and reproduce
healthy (and unhealthy) bodies” (Jackson and Neely, 2015, p.56; italics
in original)—processes that include the (re)production of spatial
knowledge of/about bodies. From these perspectives together, mapping
geographies of health (e.g. as in place-health research) without con-
comitant mapping of where, how, and specifically whose bodies are
affected within these geographies strips away agency and obfuscates
the forces responsible for producing the spatialized contexts and con-
ditions that become embodied as health/illness. As articulated by Dorn
and Laws (1994, p.108), “we need to re-think places as they are con-
tested in embodied social practices.” Thus understanding the geography
of health, at its core, necessitates understanding the geography of em-
bodiment, and who is mapping/speaking on behalf of whose bodies.

In public health perhaps the most developed and useful notion of
embodiment is that articulated by Krieger (1994, 2001) through eco-
social theory. Ecosocial theory integrates the full spectrum of processes
and levels that influence health, from the sociopolitical structural forces
of societies down to the physiological processes and molecular me-
chanisms of cells. As described by Krieger (2001, p.672), the ecosocial
approach “fully embraces a social production of disease perspective
while aiming to bring in a comparably rich biological and ecological
analysis.” Additionally, ecosocial theory situates health and its de-
terminants within a historical, generational, and lifecourse perspective.
As a foundational construct of ecosocial theory, embodiment is under-
stood as the process through which the outside physical and social
world becomes embedded into our biology—that is, how daily inter-
actions with our social and physical environments “get under our skin”
to affect our physical, psychological, and emotional well-being by al-
tering how our body functions (Krieger, 2001). We encounter and in-
corporate myriad physical and social exposures and experiences on a
daily basis, whether such incorporation be biological or chemically
direct (e.g. air pollution) or psychosocially mediated (e.g. experience of
discrimination), and whether we do so consciously or unconsciously.
Importantly, then, embodiment is continuous, and is both objective and
subjective. This notion of embodiment does well to frame the health
significance not only of people interacting with and within natural and
built environments, but also the critical import of understanding the
architecture of social and political systems that structure relational
aspects of people within and across ecological levels (e.g. body,
household, neighborhood, region, nation) (Krieger, 2005). This archi-
tecture—the so-called pathways of embodiment—involves the underlying
“societal arrangements of power and property and contingent patterns
of production, consumption, and reproduction” that influence health
within “constraints and possibilities of our biology” (Krieger, 2001,
p.672). This notion of embodiment thus speaks aptly to considerations
of/for the body put forth in health geography, feminist geography, and
political ecology, as discussed above.

Given that our bodies exist within particular social contexts as we
move through physical and social space, embodiment as a phenomenon
is inherently tied to notions of place. Within the broader place-health
field, there is a growing amount of research examining how elements of
place become embodied to affect physiological function and health (
Petteway et al., 2019). Though this work has not necessarily been re-
ferred to or self-identified as “place-embodiment” research, it has in-
deed focused on explicating how “the outside physical and social world
becomes embedded into our biology,” connecting measures of place to

measures of physiological (dys)function. Specifically, this work has
focused primarily on exploring two core physiological mechanisms/
processes underlying place-embodiment, allostatic load (McEwen, 1998;
Seeman et al., 2010) and weathering (Geronimus, 1992; Geronimus
et al., 2006). As such, place-embodiment research at the population
level often entails the collection and spatial analysis of biometrics, e.g.
cortisol (Barrington et al., 2014; Do et al., 2011; Rudolph et al., 2014),
inflammatory markers (Broyles et al., 2012; Merkin et al., 2009; Nazmi
et al.2010), and telomere length (Gebreab et al., 2016; Geronimus
et al., 2015; Needham et al., 2014; Park et al., 2015; Theall et al.,
2013), in relation to what are considered core social determinants of
health, such as socioeconomic status (SES). And it appears more often
than not, SES or a related measure of “neighborhood” disadvantage is
the primary measure of place used to characterize the spatial contexts
of embodiment (Petteway et al., 2019), e.g. work revealing how living
in a low-SES neighborhood affects measures of inflammatory markers
(see for example Petersen et al., 2008). Moreover, existing research has
been almost exclusively quantitative, relying heavily on survey-based
and biometric-focused approaches (Petteway et al., 2019), with what
appears to be a complete absence of qualitative place-embodiment
work in the place-health literature.

Research to date certainly invites us to probe deeper into the notion
of place-embodiment within public health. However, if the ultimate
goal is to correctly specify the processes and mechanisms through
which “place” becomes biologically incorporated over time, it is of
paramount importance that pertinent and specific physical and social
exposures/experiences, and their corresponding spatial locations, pat-
terns, and geographic distributions, are elucidated and accounted for.
Moreover, given the cumulative and dynamic nature of embodiment
(Krieger, 2005), and the health significance of place contexts across the
lifecourse (Curtis et al., 2004; Gustafsson et al., 2014; Merlo, 2011;
Nazmi et al., 2010; Pearce et al., 2016), considerations of life stage and
lifecourse perspectives are critical in optimizing our ability to appro-
priately gauge and weigh place experiences and exposures that might
vary over time and/or be generationally- or life stage-contingent, e.g.
age-related differences in the perception and appraisal of social/phy-
sical environments. On the most basic level, adults and youth encounter
and experience drastically different places on a day-to-day basis. Ap-
praisals of and responses to these encounters/experiences are in-
extricably linked to age and life-stage. Appreciating this is especially
important given that subjective measures of place (not just objective
ones) matter in the context of health (Lin and Moudon, 2010; Pruitt
et al., 2012; Schulz et al., 2013; Weden et al., 2008; Wen et al., 2006)
and place-embodiment (Barrington et al., 2014; Gebreab et al., 2016;
Park et al., 2015; van Deurzen et al., 2016), with recent research re-
vealing the age- and life-stage contingency of place-embodiment mea-
sures, exposures, and perceptions/appraisals thereof (Brenner et al.,
2013; Crimmins et al., 2003; Curtis et al., 2004; Goldman-Mellor et al.,
2012). Thus, there remains particular need for place-embodiment work
capable of revealing: 1) which places matter, i.e. spatially-specific no-
tions of “place”; 2) how these places matter—that is, identification of
specific place-based exposures/experiences to enable continued ex-
ploration of processes/mechanisms underlying (and driving spatial
patterns) of place-embodiment; and 3) potential intergenerational and
life-stage differences in place-embodiment exposures, experiences, and
perceptions.

The research presented here seeks to make contributions in each of
these areas through developing the “geographies of embodiment”
concept. This research was completed as part of the People's Social Epi
Project (PSEP)—a multi-method intergenerational community-based
participatory research (CBPR) project examining place, embodiment,
and health. This paper specifically highlights X-Ray Mapping as a new
cognitive mapping methodology to elucidate subjective notions of
place-embodiment within place-health research, and enable the con-
struction of “geographies of embodiment” that can inform efforts to
arrive at generationally/life-stage-contingent, and spatially-specific
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measures of place-health exposures and experiences.
This paper begins with an overview of the PSEP process and

methods for context. This paper then details the X-Ray Mapping
methodology and findings, including data illustrations from a web-
based multimedia-enabled community mapping platform. The paper
closes with a discussion of findings and the potential utility of the X-Ray
Mapping methodology in complementing and enhancing place-embo-
diment research, as well as possible applications/implications for in-
tergenerational and participatory place-health research and practice
going forward.

2. The People's Social Epi Project: an intergenerational study of
place, embodiment, and health

2.1. Background

The People's Social Epi Project (PSEP) was a multi-method inter-
generational community-based participatory research (CBPR) project
examining place, embodiment, and health that used information and
communication technologies (ICTs) to facilitate and enhance the re-
search process. PSEP was developed and executed with an orientation
anchored in A People's Social Epidemiology framework (Petteway,
2014a), a multicomponent and tiered framework to guide social epi-
demiology research/practice to become more inclusive and equitable,
improve knowledge translation, and facilitate timely, locally relevant
action. PSEP integrated social epidemiology and CBPR principles in
collaboration with parents and youth residing in public housing to
understand where and how place-based exposures that affect health and
well-being are encountered, perceived, and experienced inter-
generationally within 5 broad place-domains: Home, Neighborhood,
School/Work, Social/Leisure, and Transition routes/spaces. The aims of
this work were to: 1) determine the spatial distribution of adult and
youth daily places; 2) characterize adult and youth perceptions of
health and place-embodiment for their daily environments; and 3) as-
sess spatial differences of “place”, and perceptual differences of health
and place-embodiment between adults and youth. Taking a placescape
approach (Petteway, 2014b), the research was completed using parti-
cipatory methods for the documentation and assessment of place-based
exposures and opportunities with two generations of public housing
residents—one parent and at least one youth from each participating
household recruited as parent-child dyads. Research processes and
findings presented here are from the first iteration of PSEP.

2.2. Study setting

Adult and youth participants were recruited from a public housing
project in a small Midwestern industrial city where one of the authors
was a former resident. For context, the city has experienced significant
population loss since the 1980s and has maintained a population health
profile significantly worse than national averages and those for nearby
major cities (e.g. Pittsburgh, Cleveland). The city has been and remains
quite racially and economically segregated, and the core of local poli-
tical leadership has been overwhelming white. For example, during this
project, an African American woman was appointed health commis-
sioner—marking the first time in the city's history that a person of color
held a leadership role within a core agency.

Within this context, the public housing community was identified as
a research collaborator for four core, overlapping reasons. First, the
research focus of the project was exploring place and health specifically
among public housing residents, as there is limited work to date despite
public housing residents having much worse health profiles than the
general population (Buron et al., 2002; Fertig and Reingold, 2007;
Harris and Kaye, 2004; Howell et al., 2005; Keene and Geronimus,
2011; Manjarrez et al., 2007). Second, public housing communities
tend to be very multigenerational and residents tend to stay for long
periods of time, making them well-suited for exploring

intergenerational and spatially-dynamic notions of “place” and health
among residents who share same places (i.e. housing unit and housing
community). Third, the city was in the process of a) completing its
comprehensive city plan and b) closing its local health department and
merging it with the county health department. Neither process engaged
public housing residents. Moreover, about 75% and 60% of the county's
Black and Latino populations, respectively, reside in the city, and the
city's child poverty rate (about 40%) is twice that of the county. Fourth,
and last, the city had never completed a community population health
assessment, had never tracked or reported indicators of neighborhood
health or local social determinants, and had never had an actual epi-
demiologist on staff for generating/tracking local population health
data. Thus collaboration with this particular housing community al-
lowed for the joint exploration of research objectives and the simulta-
neous pursuit of community health representation.

2.3. Participants and process

Recruitment and all project activities were planned and completed
in collaboration with a local adult resident co-lead who was trained in
human subjects research (via Collaborative Institutional Training
Initiative). Youth were between ages 13 and 18 and had to be enrolled
in school. Adults had to be formally employed or have some form of
daily non-leisure activity (e.g. child care, doing hair, informal side
jobs). Prior to commencing the formal research, all participants were
trained in public health basics and core principles related to social
epidemiology and health equity, and trained in public health research
and CBPR basics. Trainings included formal presentations covering core
background material and illustrating key project-related concepts and
methods, as well as more open-ended and participant driven discussion.
A total of 8 adults and 10 youth were initially enrolled as participants.
A total of 4 adults and 7 youth completed all project trainings and re-
search activities, and data presented here are based on their work.

All research methods were completed by the participants them-
selves. Youth and adults completed the same methods simultaneously
but in separate all-youth and all-adult groups. Informed consent and
assent were obtained after the initial training, followed later by
method-specific informed consent and assent. Participants received a
cash participation stipend on a per-meeting basis. All project meetings
were held at a public recreation center located adjacent to the housing
project, with the exception of two meetings held at a public library
branch located about half a mile from the housing community. An in-
formal project advisory board consisted of three staff members at the
recreation center, one adult public housing community resident, and
one at-large city council member serving on health and education
committees. All project activities, including recruitment, were co-co-
ordinated and co-led with an adult project co-lead from the housing
community who was trained in human subjects research. PSEP proto-
cols were approved by the University of California, Berkeley
Institutional Review Board. Research methods flowed sequentially and
built upon each other, as follows:

1) Photovoice
2) Activity Space Mapping
3) X-Ray Mapping
4) Participatory GIS

First, for Photovoice (Catalani and Minkler, 2010; Wang and Burris,
1997), participants photo-documented (via smartphones) their im-
portant daily places and specific exposures/opportunities within each
place they perceived as affecting their health, positively or negatively.
With guidance from a facilitator, they then narrated each photo (in
writing) to describe their experiences/perceptions of embodiment and
health for each photo-place (detailed in Petteway, 2015). Second, for
Activity Space Mapping, participants geolocated and mapped Photovoice
photo-locations and identified additional non-photographed places
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using large print-out maps. They also numerically rated each mapped
place for health, designating their ratings using color-coded stickers
(see Petteway, 2017 for details). Third, participants used these data to
create symbolic representations of how each of these mapped photo-
places affects their bodies/health using a cognitive mapping method
known as X-Ray Mapping (discussed in detail below). Lastly, con-
stituting Participatory GIS, participants integrated and digitally mapped
their work via a web-based, multimedia-enabled information and
communication technology (ICT) platform, Local Ground (Van Wart
et al., 2010). This platform allowed participants to create, print, and
digitally share their place research maps with each other, the broader
community, and city officials.

2.4. The X-Ray Mapping method: elucidating subjective notions of place-
embodiment

2.4.1. Background
X-Ray Mapping is a cognitive mapping method that can elucidate

how social and built environment experiences become physically em-
bodied (Ruglis, 2011). Given that embodiment is both objective and
subjective, accounts of embodiment, and the recounting of embodiment
experiences, must account for whom/what is speaking for/on behalf of
the body. X-Ray Mapping as a method thus embraces feminist notions
of situated and decolonized knowledge (Haraway, 1988; Smith, 2013),
enabling people to (re)claim power over the health narratives of their
own bodies based on their embodied knowledge of daily place-based
experiences. In doing so, this method parallels similar qualitative pro-
cesses and feminist methods that have been used in other fields. Most
notably, “body mapping” or “body-map storytelling” has been used
within medical anthropology (Cornwall, 1992), occupational health
(Gastaldo et al., 2012; Keith and Brophy, 2004), cultural psychology
(Lykes and Crosby, 2013), and city planning (Sweet and Ortiz
Escalante, 2015) to elicit respondents' perceptions of how certain ex-
periences or environments affect their bodies. The goal for X-Ray
Mapping in the present study was to understand how participants
perceive that their daily places affect their health—specifically, how
their places “get under their skin” and affect their bodies. Through
describing which areas of their body are affected by place and how they
are affected (e.g. positively, negatively), participants are able to tell a
story of how their bodies experience place. This process qualitatively
captures subjective notions of the embodiment of place. To the authors’
knowledge, “X-Ray Mapping” as a terminology and a method has not
been used in the public health or any place-health literature to date.

2.4.2. X-Ray Mapping process and data collection
Prior to commencing the X-Ray Mapping method, all participants

attended a 2-h training and discussion session. This session included a
20 min presentation summarizing what X-Ray Mapping is and what it
would entail for participants. Informed consent and assent specific for
X-Ray Mapping were obtained after this presentation. Participants were
then provided with basic training in the notion of “embodiment” and
related processes/concepts of stress, allostasis, allostatic load (McEwen,
1998), and “weathering” (Geronimus, 1992; Geronimus et al., 2006).
This training included open-ended and participant-led question/dis-
cussion of the concepts and the sharing of example illustrations of each
as they had experienced them based on their own interpretations.

Following the training session, each participant attended 2 or 3
sessions to complete the X-Ray Mapping methodology. For this method,
participants worked with 8.5“×11” “X-Ray Map” worksheets con-
taining a basic body outline with ventral and dorsal representation on
the front side of the paper (Fig. 1). They were asked to think about and
describe what their bodies/minds feel in each place they identified
during the Photovoice and Activity Space Mapping exercises and complete
an X-Ray Map for each place—that is, each photo-documented and
mapped place would have a corresponding X-Ray Map to represent how
they perceived that particular place affected them physically,

psychologically, and/or emotionally. So for example, a participant
might take a photo of a park during Photovoice, then map that photo
location during Activity Space Mapping. Then they would complete the
X-Ray Mapping worksheet specifically for that photo-place, using the
worksheet to indicate how they perceive that particular park affects
their body/health. This was repeated by participants for each of their
place locations identified via Photovoice and Activity Space Mapping.

Participants were instructed to locate their perceived place-embo-
diment effects on their X-Ray Maps using color-coded stickers Photo 1.
Participants expressed a desire to continue the color representation
scheme used for the Activity Space Mapping method, which used green
for positive (or healthy/good) places, red for negative (or unhealthy/
bad) places, and yellow for places they believed had both positive and
negative effects. Hence, for X-Ray Mapping, green represented a per-
ceived positive body effect, red represented a negative effect, and
yellow represented both a positive and negative effect. For example, if
they say that visiting a friend's apartment makes them happy, then they
would place a green sticker on the head/brain and/or heart of their X-
Ray map. If they say that crime in their neighborhood makes them feel
nervous or makes their heart beat faster, then they would place a red
sticker on the head and/or heart area. Or if they say that a particular
park is good for exercising but people often smoke there, then they
would notate it by placing a yellow sticker on the lungs, for example (or
alternatively they could use separate red and green stickers). Partici-
pants were free to use as many stickers as they believed necessary to
capture all of their perceived place-embodiment effects for each place,
such that each X-Ray Map could contain multiple positive and negative
effects (e.g. positive heart, negative brain, and negative back) and each
body area/part could have multiple stickers of the same or different
colors (e.g. two positive and three negative brain effects). Participants
were instructed to use the back of their X-Ray Map worksheets to write
a brief description/narrative explaining their place-embodiment re-
presentations.

2.4.3. X-Ray Mapping analysis
Fig. 2 shows a completed X-Ray Map example, and Text Box 1 shows

an example place-embodiment narrative corresponding to a completed
X-Ray Map. Each X-Ray Map was reviewed to complete simple counts
and frequencies of: 1) place-embodiment geographic locations (based
on the 5 overall PSEP place-domains of Home, Neighborhood, School/
Work, Leisure/Social, and Transition), 2) place-embodiment physiologic
locations (e.g. heart, brain, stomach), and 3) type of perceived place-
embodiment effect, i.e. positive, negative, both (yellow stickers were
counted as one positive and one negative effect). This was done for each
individual participant separately. Once individual place-embodiment
tabulations were completed, results were aggregated for youth and
parents separately. Aggregate summary tables were produced for
overall adult and youth place-embodiment data, as well as domain-
specific adult and youth place-embodiment data (Tables 1–3).

Qualitative comparisons were made between aggregate youth and
aggregate adult X-Ray data (e.g. youth neighborhood embodiment X-
Ray Map vs. adult neighborhood embodiment X-Ray Map). Tables 1–3
summarize intergenerational perceptual differences of place-embodi-
ment by place-domain. Summary infographics were developed in col-
laboration with youth participants to visually represent place-embodi-
ment among adult and youth participants (Figs. 3–6). All X-Ray Map
data was then mapped on the Local Ground platform to enable geo-
graphic visualization and qualitative comparison of adult and youth
“geographies of embodiment”. Participants retained access to their in-
dividual data and Local Ground account throughout the project. Com-
pleted aggregate analyses were shared and discussed with adult parti-
cipants during one follow-up meeting, and with youth over three
follow-up meetings. These meetings allowed participants to reflect on
the aggregate data, provide feedback on visualizations, and collectively
verify geographic locations to their knowledge and intended re-
presentation.
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2.4.4. X-Ray Mapping findings
In the end, what participants generated were place-specific re-

presentations of perceived place-embodiment effects that are

physiologically-specific. In other words, they created maps of place-
embodiment that are simultaneously physiologic and geographic in
nature—their “geographies of embodiment”.

Tables 1 and 2 summarize the overall adult and youth place-em-
bodiment data, as well as domain-specific adult and youth place-em-
bodiment data. The different number of adult versus youth participants
with complete data limits the ability to make meaningful interpreta-
tions of count differences here. However, these data do provide a
general sense of adults' and youths’ positive/negative perceptions
within each place-domain. The tables show the total number of body
areas identified by participants as being affected by places within each
place-domain, “Total Body Areas Affected”. For example, adult parti-
cipants indicated that 5 different body areas are affected within their
Home place-domain (1 positively, and all 5 negatively). Each body area
could be affected in more than one way, thus the total number of in-
dicated body effects across body areas is shown as “Total Body Effects”
below. Using the same example, adults identified 11 total body effects
across the 5 body areas they indicated were affected by their Home
place-domain. Overall, youth indicated that their daily places positively
and/or negatively affected 20 different body areas across the 5 place-
domains, while adults identified 12 body areas. Among all body areas
affected, youth reported 85% (17/20) being affected positively and
80% (16/20) being affected negatively across the place-domains. These
numbers were 58% (7/12) and 83% (10/12), respectively, for the
adults. Among all body-effects identified across the 5 place-domains,
youth and parents indicated 39% and 32%, respectively, as being po-
sitive. The Neighborhood place-domain had the most identified body-
effects for both adults (42) and youth (44), with both groups reporting
more negative effects than positive effects (74% and 64% negative).
Among the 5 place-domains, the Home place-domain was the most
“negative” overall, with adults indicating 91% of identified body-effects
as negative and youth identifying fully 100% of body-effects as such.
The Transition place-domain was similarly identified as having pre-
dominantly negative body-effects (92% and 80% for adults and youth,
respectively). The Leisure/Social place-domain was the most positive
overall, with 71% of body-effects indicated as positive for adults and
94% indicated as positive for youth.

Tables 3 and 4 summarize intergenerational perceptual differences
of place-embodiment body effects by place-domain. While the value of
direct comparison is limited here, these data illustrate the range and

Fig. 1. X-Ray Mapping Worksheet.

Photo 1. Participants completing X-Ray maps.
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variation of body areas reported as being affected within each among
adults and youth, respectively. Perceived positive body-effects are re-
presented in the column headed by “+“, while perceived negative
body-effects are represented in the column headed “-“. For both adults
and youth, the body area most identified as being affected by their
places was the brain. For the adults, heart, legs, stomach, and eyes
round out the top 5 body areas affected by their daily places across the
5 place-domains; for youth, legs, feet, eyes, and stomach complete the
top 5 most affected body areas. Adults identified heart, brain, and legs
as the most positively affected body areas, and brain, heart, and eyes as
the most negatively affected. Youth identified brain, legs, and stomach
as the most positively affected body areas, and brain, legs, and feet as
the most negatively affected.

Figs. 3 and 4 graphically represent adult and youth “geographies of
embodiment”. The 5 place-domains are represented by the color-coded
symbols and embodiment circles. The size of the circles corresponds to
the number of times a specific body area was identified as being af-
fected, either positively or negatively, within that particular place-do-
main. Green represents the “Home” place-domain; blue represents the
“Neighborhood” place-domain; purple represents the “School/Work”
place-domain; grey represents the “Leisure/Social” place-domain; and
orange represents the “Transition” place-domain.

Fig. 5 and Fig. 6 show adult and youth place-embodiment percep-
tions specifically for the Neighborhood place-domain, with representa-
tion of positive and negative body-effects. Here, indicated positive ef-
fects are represented in green, with negative effects represented in red.

Fig. 7 and Fig. 8 show adult and youth “geographies of embodi-
ment” as mapped through the web-based community mapping plat-
form, Local Ground. The maps are participants' spatially-specific per-
ceptions of place-embodiment across the 5 place-domains—maps of
embodiment that are simultaneously physiologic and geographic in
nature. The black polygon is the participants’ residential census tract,
while the black marker is the location of their housing community.
Youth embodiment locations are based on 50 completed X-Ray Maps,
while adult locations are based on 26 completed X-Ray Maps. Youth
had 20 unique reports of positive place-embodiment and 31 unique
reports of negative place-embodiment across the 5 place-domains, with

some youth reporting effects for the same location (e.g. their housing
community). Adults had 13 unique reports of positive place-embodi-
ment and 16 unique reports of negative place-embodiment across the 5
place-domains. Overall, 25 out of 51 (49%) youth reports of place-
embodiment were for places spatially outside of their residential census
tract; for adults, 18 out 29 (62%) were spatially outside of their re-
sidential census tract. Among youth, 15 of 20 (75%) positive place-
embodiment locations were outside of their residential census tract,
while 21 of 31 (66%) negative place-embodiment locations were inside.
Among adult and youth participants, 22 of 33 (67%) of positive place-
embodiment locations were spatially located outside of their residential
census tract. Again, while the value of direct comparison of numbers
between adults and youth is limited here, they do well to illustrate how
experiences of embodiment can vary both spatially and perceptually,
and provide an overall sense of positive/negative spaces of embodiment
across and within generations.

3. Discussion

Adult and youth participants’ “geographies of embodiment” varied,
as did their perceptions of place-embodiment. Within this variation, a
few prominent take-away observations are particularly worth noting.
First, while there was some expected overlap in both positive and ne-
gative place-embodiment spatial locations between adults and youth,
most of this occurred for locations within their residential census
tract—namely their housing community and the community recreation
center. Beyond their census tract, overlap between adult and youth
place-embodiment locations was limited to a retail shopping plaza just
outside census tract bounds. Within these overlapping places of em-
bodiment, however, perceptions of embodiment in regard to the spe-
cific experiences/exposures (i.e. place attributes) identified as affecting
their bodies and how (i.e. which body areas) were markedly different
between adults and youth. For example within the “Home” place-do-
main, both adults and youth reported place-embodiment effects related
to their physical home environment and the quality of housing man-
agement services. On one hand, adults identified place-embodiment
effects related to the quality of their tap water (i.e. “brown stuff” in it),

Fig. 2. Example of a Completed X-Ray Map. Figure 2: X-Ray Map representing perceptions of place-embodiment related to housing conditions (Adult Participant D).

Text box 1
X-Ray Map Place-Embodiment Narrative Example

“Market Square people are very stressing, unhealthy, and annoying due to all of the nonsense, partying and loud talking at night. Also some
of the people make my stomach hurt by the things they do and say.” Youth Participant G.
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holes in their apartment unit walls and ceilings, and regularly dys-
functional washers and dryers, for example. Youth on the other hand
reported place-embodiment perceptions related to distressed building
hallways, deteriorating community greenspace, and tears in apartment
unit carpeting (which management “fixes” with duct tape), for example.
Moreover, only youth reported place-embodiment effects related to the
social environment of their housing community (e.g. Text Box 1), while
adult perceptions of place-embodiment were limited exclusively to
physical attributes. These variations highlight the heterogeneity of
“place” as experienced by people who jointly encounter the same
physical and social spaces on a regular basis—what is salient to some
might not be so for others. As noted previously, research indicates the
importance of engaging subjective measures of place and health
(Barrington et al., 2014; Lin and Moudon, 2010; Park et al., 2015; van
Deurzen et al., 2016; Weden et al., 2008; Wen et al., 2006). Moreover,
there is a growing body of work focused on age- and aging-related
experiences and perceptions of place (Fang et al., 2016; Hand et al.,
2018; John and Gunter, 2016; Milton et al., 2015; Tong et al., 2016).
This scholarship demonstrates the importance of taking life-stage and
generationally-specific approaches within place-health inquiry, while
simultaneously exemplifying the value of mixed and participatory
methods in doing so. This work could thus prove instructive for place-
embodiment research going forward, illustrating how we might more
appropriately conceptualize and accommodate resident agency within
our efforts to uncover processes and spatial patterns of their place-based
embodiment experiences that are inextricably linked to life-stage.
Findings in the present study suggest the importance of taking inter-
generational approaches when possible—more actively involving both
youth and adults so as to better elucidate potential age, generation, and
life-stage considerations for place-embodiment over the lifecourse.

Second, 49% of youth place-embodiment reports and 62% of adult
place-embodiment reports were for places spatially located outside of
their residential census tract. Moreover, an overwhelming majority of
positive place-embodiment effects were reported for locations outside
of their census tract. This was especially true for youth, with 75% of
positive place-embodiment locations outside their census tract, con-
trasted with 66% of negative place-embodiment locations inside. These
overall patterns lend further support to increasing calls to move away
from administratively defined/bound and static notions of place, and
towards more dynamic, relational, and activity space oriented ap-
proaches (Browning and Soller, 2014; Steven Cummins et al., 2007;
Cutchin et al., 2011; Jones and Pebley, 2014; Matthews, 2011;

Perchoux et al., 2013; Rainham et al., 2010). The results for this present
study, indicate that traditional approaches to assessing relationships
between place, place-embodiment, and health are inadequate—namely,
those approaches which arbitrarily delimit notions of “neighborhood”
using, experientially speaking, imaginary administrative lines, and
those which fail to account for where people actually go beyond those
imaginary lines. Anchoring the geographies of embodiment concept
within a placescape approach allowed for the discernment of spatially-
specific patterns of place experiences and exposures, patterns which
payed no regard to the imaginary lines bounding participants' area of
residence (Petteway, 2017). This approach accordingly enabled ex-
amination of participants’ geographies of embodiment in relation to the
geography of census tracts, highlighting shortcomings of the latter in
regard to its analytic utility in place-embodiment research. Under-
standing gained from these findings can accordingly enhance future
work within this community aimed at developing appropriate quanti-
tative metrics to examine place-embodiment.

A third and related takeaway, as noticeable in their embodiment
maps, is that the majority of the participants' residential census tract,
spatially and experientially speaking, has no bearing on their daily lived
and embodied place experiences. Indeed, participants' place-embodi-
ment data revealed a distinct pattern of clusters of important day-to-day
place locations, some of which were spatially distributed within only a
small portion of their census tract, with others distributed outside of
their census tract entirely. These clusters constitute what might be
considered spatial “nodes” within a local or regional network of place-
based opportunities, resources, and risks (Cummins et al., 2007), and
draw attention to the importance of participants' daily mobility patterns
and activity spaces in shaping place-based experiences/exposures.
Participants' work renders clear the multi-nodal nature of place, and the
extent to which nodes can and do stretch the bounds of “place” far
beyond the imaginary lines of administrative polygons. Moreover,
findings provide insight regarding the social and spatial structure of
participants’ concurrent place attachments and affinities—in part re-
vealing their “spatially polygamous” relationship to “place”. The notion
of “spatial polygamy” (Matthews, 2011; Matthews and Yang, 2013)
suggests that individuals have meaningful relationships with multiple
nested and non-nested places simultaneously, and these relationships
tend to be both an element of, and structured by, present and historic
geographic and social contexts. Thus, to appropriately conceptualize
and measure place, we must account for person-centered spatial con-
figurations of multiple concurrent place attachments, as well as the

Table 1
Adult Place-Embodiment Summary. *Although adults identified places of work during this project, they did
not complete any X-Ray maps detailing their related place-embodiment perceptions.

Table 2
Youth Place-Embodiment Summary.
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forces which have historically shaped and presently drive/maintain
such configurations.

For the work presented here, clear spatial nodes and relationships
emerged as participants mapped their geographies of embodi-
ment—geographies bearing little resemblance to the geography of their
census tract. Indeed, their geographies of embodiment illustrate the
importance of activity space approaches to studying place. For the
present study, as illustrated in Figs. 7 and 8, operationalizing measures
of “place” context based generically on participants' entire residential
census tract would be inappropriate in itself. To then focus only on their
residential census tract would only further distort assessment of their
real “place”. Failing to account for participants' multi-nodal “place”
(and its actual spatial bounds) would increase risk for the mis-
specification of place-effects, an increasing concern within the field
(Jones and Pebley, 2014; Kwan, 2012; Diez Roux, 2007; Spielman and
Yoo, 2009). Work by Inagami et al. (2007), for example, found that
residents of disadvantaged neighborhoods had better self-reported
health as they spent more time outside their census tract of residence.
The approach taken here in engaging the notion of geographies of
embodiment—rooted in participatory activity space mapping—can
help to better distinguish and analytically appraise salient places, which
in turn may help allay concerns over misspecification and more aptly

capture people's experiences of place and place-embodiment.
Fourth, spatially locating perceptions of embodiment as related to

specific physical and social environmental factors allowed participants
to tell a story of place-embodiment within which potential pathways of
embodiment can more readily be discerned (Krieger, 2001). These
pathways—the processes and mechanisms through which current and
historic societal arrangements of power, privilege, and opportunity
shape and organize contexts and conditions of place embodiment—are
seldom (if ever) explicated within place-health research. Given the
spatial and physiologic range of embodiment effects reported, there is
implication of a broad range of local/regional policies, processes, and
practices that shape daily living conditions, experiences, and exposures
that become physically embodied by residents. This is in stark contrast
to much place-embodiment work to date that has both failed to identify
and spatially locate specific place attributes implicated in place-em-
bodiment, and foregone attempts to uncover elements of the local
context (i.e. pertinent to the samples' place-embodiment prospects) that
are on or might constitute potential pathways of embodiment. As ar-
ticulated by Krieger (2001), embodiment and pathways of embodiment
should be understood in light of and cannot be divorced from notions of
agency and accountability. By identifying specific attributes/aspects of
place contexts and their relations to embodiment, and by elucidating a

Table 3
Youth Place-Embodiment: Positive/negative body effect perceptions by Place-Domain.

Table 4
Adult Place-Embodiment: Positive/negative body effect perceptions by Place-Domain.
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more robust spectrum of potential social and political processes and
practices that shape place-embodiment patterns, we improve our ability
to answer fundamental questions in regards to: 1) who and what
shapes/determines distributions and patterns of underlying health op-
portunities, exposures, and risks in these locally experienced spaces of
embodiment; 2) what these distributions and patterns can tell us about
agency and accountability at the local and regional level; and 3) what is
at stake in, and what is the value of, telling spatially- and jur-
isdictionally-specific stories of embodiment. The approach taken to the
work discussed here allows for these questions to be meaningfully en-
gaged within participants’ daily place contexts.

4. Conclusion and future direction

The aim of the work presented here was to highlight a new
methodology—X-Ray Mapping—and introduce “geographies of embo-
diment” as an opportunity to enhance place-health research efforts
going forward. This early-stage work makes a unique and rare quali-
tative contribution to the growing place-embodiment literature, and
suggests it is an area that warrants further development and continued
investigation. X-Ray Mapping as used here to generate “geographies of
embodiment” requires some form of spatial mapping/geolocation—as
this notion dually maps body locations and the multiple and varying
geographic locations perceived to affect those body locations. However,
X-Ray Mapping can be (and has been) used without other visual or

mapping methods, e.g. in Ruglis (2011) work exploring how processes
of schooling (e.g. social environment, physical environment, high
stakes testing) affect students’ bodies. We believe X-Ray Mapping alone
is beneficial in and of itself for place-embodiment work, e.g. using it to
elucidate perceptions of embodiment for singular locations/places, as
has been the case for “body mapping” in other fields. However, we
believe it holds the most value when used to examine place-embodi-
ment across multiple spatial locations, thus requiring other methods
(here, activity space mapping to identify and locate daily places, and
participatory GIS via the web-based mapping platform to formally
geolocate them).

Anchored in X-Ray Mapping, the geographies of embodiment con-
cept is responsive to existing limitations within place-embodiment re-
search, offering a way to reframe and re-approach our work. It is not
only capable of revealing general patterns of place-embodiment within
a particular community, but can reveal specific place attributes within
those patterns that directly or indirectly implicate local policies and
practices—i.e. potential pathways of embodiment—that shape daily
social and physical environments. Accordingly, the geographies of
embodiment concept can improve efforts to uncover place-embodiment
processes and mechanisms, and better inform appropriate and timely
action, be it programmatic interventions or changes in policy and
practice—especially that which can be realized within the local con-
texts where place-embodiment research unfolds. For example, applying
the geographies of embodiment concept and coupling the X-Ray

Fig. 3. Adult “Geography of Embodiment” Summary. Adult
Geography of Embodiment. Green represents the “Home”
place-domain; Blue represents “Neighborhood”; Purple re-
presents “School/Work”; Grey represents “Leisure/Social”;
and Orange represents “Transition”. The size of the circle
reflects the number of times a specific body area was iden-
tified as being affected. This figure includes both positive and
negative place-embodiment perceptions. (For interpretation
of the references to color in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 4. Youth “Geography of Embodiment” Summary. Youth
Geography of Embodiment. Green represents the “Home”
place-domain; Blue represents “Neighborhood”; Purple re-
presents “School/Work”; Grey represents “Leisure/Social”;
and Orange represents “Transition”. The size of the circle
reflects the number of times a specific body area was iden-
tified as being affected. This figure includes both positive and
negative place-embodiment perceptions. (For interpretation
of the references to color in this figure legend, the reader is
referred to the Web version of this article.)
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Mapping methodology with biometric place-embodiment work could
allow for assessing potential compatibility and convergence of objective
and subjective place-embodiment patterns. Additionally, taking such a

dual approach would enable assessment of the political utility, local
social value, and action potential of various forms and representations
of place-embodiment knowledge and data. Moreover, there is

Fig. 5. Adult Neighborhood “Geography of Embodiment”.
Adult “Neighborhood” Geography of Embodiment. Green
represents perceived positive/health/good place-embodi-
ment effects; Red represents perceived negative/unhealthy/
bad place-embodiment effects. The size of the circle reflects
the number of times a specific body area was identified as
being affected. (For interpretation of the references to color
in this figure legend, the reader is referred to the Web version
of this article.)

Fig. 6. Youth Neighborhood “Geography of Embodiment”.
Youth “Neighborhood” Geography of Embodiment. Green
represents perceived positive/health/good place-embodi-
ment effects; Red represents perceived negative/unhealthy/
bad place-embodiment effects. The size of the circle reflects
the number of times a specific body area was identified as
being affected. (For interpretation of the references to color
in this figure legend, the reader is referred to the Web version
of this article.)

Fig. 7. Youth Geography of Embodiment: Positive
Place-Embodiment (Left) and Negative Place-
Embodiment (Right). Youth reported perceptions of
place-embodiment for specific locations they en-
counter. Green Markers represent locations youth
perceived as having a positive body-effect, while
represent Red Markers represent the opposite. The
black polygon is an outline of the census tract in
which the participants' housing community is lo-
cated. The Black Marker is their housing location.
(For interpretation of the references to color in this
figure legend, the reader is referred to the Web ver-
sion of this article.)
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increasing movement towards place-based initiatives and strategies in
public health, city planning, and community development (FRBSF,
2010; Fukuzawa and Karnas, 2015; HOPE, 2015; HUD, 2013a-c; Jutte
et al., 2011; NCHE, 2017; Pastor and Morello-Frosch, 2014; TCE, 2017).
The notion of geographies of embodiment could represent a potentially
valuable conceptual and analytical framework to inform the design,
development, and evaluation of place-based efforts in current and fu-
ture practice. It might also complement the use of other metrics aimed
at assessing “geographies of opportunity” (Briggs, 2007; Galster and
Killen, 1995; Osypuk and Acevedo-Garcia, 2010), e.g. the Child Op-
portunity Index (Acevedo-Garcia et al., 2014), as geographies of em-
bodiment might reflect and extend this notion as an expression and
consequence of local and regional policy decisions that spatially sort
place-embodiment experiences.

The X-Ray Mapping methodology, and other participatory inter-
generational approaches that draw upon peoples' knowledge of local
contexts and their lived and embodied experience of “place”, could
represent and encourage novel approaches to community assessment
for public health strategizing and comprehensive city planning. Also,
taking advantage of the increasing availability and utility of ICTs could
further enhance the value and extend the reach of methodologies like X-
Ray Mapping. The research presented here made use of a web-based
multimedia-enabled community mapping platform, thus enabling par-
ticipants' geographies of embodiment to be digitally mapped and
readily shared and distributed. Such ICTs, appropriately designed and
deployed (Avgerou, 2010; Burrell & Toyama, 2009; Dearden, 2012;
D'Ignazio et al., 2014.; Diamond, 2010; Pfister and Godana, 2012), raise
the prospect of population-wide assessment of place, embodiment, and
health relationships in both research and practice, e.g. via crowdsour-
cing approaches (Kamel Boulos et al., 2011). And while we did not
examine place-embodiment effects/perceptions over time in the present
study, we believe it could be instructive methodologically and proce-
durally for how to do so. For example, using the X-ray Mapping method
and geographies of embodiment concept to explore place-embodiment
with multiple generations longitudinally, or adding an X-Ray Mapping
component to longitudinal quantitative work examining place and
health (e.g. work from Gustafsson et al., 2014). We believe such ap-
proaches present opportunities to not only improve the quality and
depth of place-embodiment research, but also to create a more in-
clusive, more humanized field of inquiry. All in all, the work presented
here suggests a range a possibilities to enhance place-health and place-
embodiment research and practice going forward.
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