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Abstract: This study is based on in-depth semi-structured interviews with the participants of an
indoor air quality monitoring study. The purpose of the interviews was to capture participants’
perceptions of indoor air quality and engage them in a discussion of those factors that influenced
their behavior. Interview study participants (n = 20) noted the importance of family health concerns
and their own sensory awareness of possible contaminants. They discussed their level of personal
control over their home environment as well as their access to needed resources. This study is based
on grounded theory and applies interpretivist epistemological methods. Study findings offer insights
into how people perceive their home environment and what influences their decision making and
action. Analyses indicate that perceived agency, risk perception, access to resources, and information
all influenced participants’ sense of ability to take action as well as their interest in taking action.
These insights serve to challenge some of the current work in environmental health literacy which
tends to focus on and measure an individual’s knowledge or skills. Our analysis suggests that
consideration be given to a number of factors that include perceived agency, access to resources, and
the quality of information provided.

Keywords: environmental health literacy; indoor air quality; sensemaking; environmental
health communication

1. Introduction

Providing accessible information regarding environmental exposures can facilitate
practical outcomes, such as adopting exposure-reduction behaviors. It can also be a means
of power sharing and bidirectional decision making in community-engaged research [1]. As
a result, there is growing interest in identifying the best means of providing environmental
health information to lay audiences and the resultant impacts on knowledge gain and
behavior adoption [2–4]. Interest in this area has led to the genesis of a new research
domain: environmental health literacy (EHL) [2,5]. Much of the early work associated
with EHL “focused primarily on elucidating the attributes of EHL and on the stages of
becoming literate about environmental health concepts and issues” [1]. A great deal of
the focus has been on content knowledge (typically via pre-post assessments), adopting
exposure-reduction behaviors, or creating tools to evaluate baseline levels of EHL [2,6–16].

Efforts to characterize EHL have generally assessed the impact on individuals or
communities who have received environmental health information [2]. Characterizing con-
textual factors that influence the understanding of environmental hazards and engagement
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in health-protective behaviors can contribute to more effective and accessible environmen-
tal health interventions. It may also afford a holistic depiction of the range of factors that
influence environmental health literacy for a given environmental hazard.

This study is based on in-depth interviews with a sample of participants who had been
involved in a research study measuring air quality within their homes. We explore how
participants consider issues of indoor air quality in their home and what contextual factors
they identify as they discuss decision making and action. Grounded theory affords the
opportunity to explore emergent factors and their relationship to awareness, risk perception,
and health-relevant behaviors.

The purpose of this analysis was to characterize the ways in which participants make
sense of indoor air quality (IAQ) and how they respond or take action based on that
sensemaking. Sensemaking refers to the process through which people interpret and
understand phenomena. This can include rationales as to what is causing the phenomenon
as well as actions and reactions to it. Sensemaking of IAQ was defined as the wide range
of considerations and variables that contribute to how a person gives meaning to and
internalizes the topic of air quality in their indoor home environment. This characterization
can provide critical insight for future efforts to communicate with community members or
groups who are affected by poor indoor air quality or have an interest in improving their
indoor air quality.

Study Context: Dorchester, Massachusetts

This effort focused on participants of an urban cohort who took part in an indoor air
quality study in Dorchester, Massachusetts. All 78 participants hosted monitoring equip-
ment in their homes and were provided the option of receiving their personal monitoring
data back via a written report and meetings with the research team [16,17].

Dorchester, Massachusetts is a neighborhood in the southern part of Boston. In 2015,
Dorchester comprised about 20% of Boston’s population [18]. The Dorchester population
is diverse, with about 34% being foreign-born (as compared to 27% of Boston) and 45%
identifying as Black/African American, 18% as Hispanic, 9% as Asian/Pacific Islander,
6% as other, and 22% as White in 2017 [19]. There is also a wide variety of levels of
educational attainment, with 20% reporting less than a high school degree, 55% with a high
school degree or some college, and 26% with a bachelor’s degree or higher in 2017 [19].
The housing infrastructure, with more multi-unit housing in Dorchester, also differs from
that of Boston [19].

Dorchester has elevated rates of asthma, with 18% of adults reporting having asthma,
compared to 12% of adults in Boston overall [20]. Dorchester also has higher rates of asthma
emergency department visits among children age 3–5 years, 405.2 per 10,000 children, as
compared to 285.4 per 10,000 children in Boston overall [20]. Asthma hospitalization rates
are higher for Black and Latino residents, about 4 and 3 times the rate for White residents,
respectively [20]. Asthma rates are also higher for Boston-area residents with lower income.
Households making less than $25,000 per year were more likely to have chronic asthma as
compared to those with a household income of $50,000 or more per year.

The demographic and environmental characteristics of Dorchester lead to increased
risks for poor air quality among its residents and thus has led to an interest in understanding
indoor air quality within Dorchester households [20–22]. We engaged residents in the
study of indoor air quality and then shared results with participants with the intention of
providing them with information to inform action.

2. Materials and Methods
2.1. Data Collection

Study Population: Participants for this formative research were selected from the
Home-based Observation and Monitoring Exposure (HOME) Study which was conducted
in Dorchester, Massachusetts between 2017 and 2019. The HOME Study, a project within
the Center for Research on Environmental and Social Stressors in Housing Across the
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Life Course (CRESSH), measured a series of air pollution variables inside and outside
participants’ homes. HOME study participants hosted an Environmental Multi-pollutant
Monitoring Assembly (EMMA) device inside their homes for two weeks, one during a cold
season and one during a warm season. The EMMA devices, described elsewhere, recorded
in-home concentrations of PM2.5 and NO2, carbon monoxide, carbon dioxide, nitric oxide,
nitrogen dioxide, temperature, relative humidity, and noise [16].

2.2. Study Population

All HOME participants who completed both seasons of monitoring were selected
for our evaluation based on their categorical responses to the baseline question on the
perception of Dorchester air quality. Possible responses to the perception of Dorchester
air quality were: ‘Very bad’, ‘Bad’, ‘Good’, ‘Very good’, ‘I have never thought about it’,
and ‘I am uncertain/don’t know’. This question was considered to be a proxy for prior
consideration of air quality, in general. Participants were randomly sampled from each of
the six response options for this question (please see Table S3 in Supplementary Materials
for details regarding response rates for each survey response category).

Of the 78 HOME participants in Dorchester, 16 did not complete the second season
of indoor air quality monitoring. The remaining 62 participants were classified based on
their categorical responses to the baseline question on the perception of Dorchester air
quality. Participants were randomly sampled from each of the categorical response bins for
this question. The distribution of the responses on the baseline surveys for each response
option was as follows: ‘Very bad’ 8.3%, ‘Bad’ 16.6%, ‘Good’ 34.7%, ‘Very good’ 2.7%, ‘Never
thought about it’ 20.8%, and ‘Uncertain’ 16.7% of all participants.

To match the distribution of responses in the baseline data, we aimed to interview
participants in a manner that mirrored the original distribution of views on air quality in
Dorchester with the 20 interviewed participants.

2.3. Baseline Survey Data

Baseline survey data were collected for each participant during the initial home
visit. A series of questions regarding perceptions, home characteristics, and home-health
behaviors were posed to participants, and answers were collected via an oral survey. The
semi-structured interview script can be found in Table S1 in the Supplementary Materials.

Qualitative Methods

We used the integration approach in which, “the quantitative methods are used to
embellish a primarily qualitative study” [23]. Information from the quantitative component
informed discussions and questions asked during the interviews. Baseline survey questions
were also used to inform the sampling process. From the HOME study, 20 participants,
selected as described above, were invited to participate in short (about 1 h) interviews with
the first author.

Interviews: Interviews were conducted in person for the first ten participants, and due
to the onset of the COVID-19 pandemic, over the phone for the final ten participants. All
interviews were audio-recorded with the consent of the participants. Audio recording failed
for the first two participants interviewed over the phone. For these two interviews, the
interviewer wrote detailed notes about the conversation. This information was ultimately
used to help inform the creation of the data report-back materials but could not be included
in the qualitative data analysis. Interviews were transcribed within 48 h of each interview
by the interviewer, and detailed memos regarding the interviews were created. We obtained
approval for these interviews and all associated materials from Harvard T.H. Chan School
of Public Health’s Institutional Review Board (IRB 15-1756).

Participants were asked a series of questions about their in-home products and behav-
iors that could impact indoor concentrations of NO2 or PM2.5. Questions were open-ended
and asked participants to describe whether they have candles, incense, air purifiers, or
humidifiers in the home, and about their typical behaviors with those products in their
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home. Participants were also asked about their typical kitchen behaviors, their perceptions
of their indoor air quality, and what concerns they had, if any, about their air quality. They
were also asked what would inspire them to attend a report-back meeting, what their
preferred method of receiving information back would be, and what made medical or
scientific materials challenging or approachable for them. All interviews were completed
before report backs were sent to participants.

2.4. Health Literacy Assessment

Participants were also asked four questions from the BRIEF health literacy assessment,
which asked participants to indicate their responses to the following questions using a
5-point Likert-type scale (ranges either always to never, or not at all to extremely):

1. How often do you have someone help you read medical materials?
2. How confident are you in filling out medical forms by yourself?
3. How often do you have problems learning about a medical condition because of

difficulty understanding written information?
4. How often do you have a problem understanding what is told to you about your

medical condition?

The score for the BRIEF assessments was summed for each participant (possible range
for the score was from 4 to 20) [24]. Participants were then categorized based on their
summed BRIEF assessment score. Scores were categorized as follows: Inadequate (4–12),
marginal (13–16), and adequate (17–20) [24].

2.5. Data Analysis

Epistemology: The research team took an interpretivist epistemological stance for
this work [25,26]. In this approach, the researchers aim to characterize and understand a
phenomenon by evaluating the reality of that phenomenon as experienced by individu-
als [26]. Through this work, we attempt to better understand the way in which individuals
currently perceive their indoor home environment, specifically as it pertains to the creation
and avoidance of indoor air pollutants. We additionally aim to better understand the way
that participants attend to and contextualize indoor air quality (IAQ) information within
their own homes. Grounded theory is inductive and is typically implemented to create or
explore theory [27]. The novelty of environmental health literacy research makes grounded
theory the most appropriate for this scenario in that it allows themes and categories within
the data to emerge [28].

Analysis: All transcripts were imported into NVivo 12 Pro. All coding and thematic
analysis were completed within NVivo 12 Pro. The coding approach followed the three
steps of grounded theory; open, axial, and selective coding [28]. Open coding was imple-
mented first to generate categories of information found within the interview data [28].
This took a thematic approach, rather than a line-by-line analysis. Subsequently, axial
coding was used to create links and thematic groupings of the codes identified through
the open coding [28]. This identified relationships among themes, and identified core
categories from which sub-categories stem [28]. We implemented Strauss and Corbin’s
approach of categorizing the data along the dimensions of causal conditions, central/core
phenomenon, contextual conditions, intervening conditions, action/interaction strategies,
and consequences [29]. Finally, selective/integration coding was implemented to finalize
and integrate the theory that emerged from the data [28]. This process ultimately created
a visual model of the axial relationships identified in the axial coding and solidified the
relationships generated by the analysis [28].

We examined the confirmability, transferability, and credibility [26,30] of our data
as follows:

Confirmability refers to the “degree to which the research findings can be confirmed
or corroborated by others” [26]. To achieve confirmability, it is suggested that research
approaches include a confirmability audit or a trail of approaches and data sources [30].
Therefore, to establish confirmability, the research team kept a detailed outline of the re-
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search steps taken throughout the research project from initiation to the ultimate discussion
of findings [30].

Transferability is a concept broadly akin to external validity in quantitative research [30].
However, rather than implementing randomization techniques to ensure generalizability,
the team engaged in “thick description” to provide substantial contextual descriptions
of the contexts in which the qualitative data were collected [30]. This informs future re-
searchers of the context in which the data were produced and allows them to decide the
utility of the methods and approach to produce those data for their own purposes [30].

Credibility can be determined via a variety of approaches, including extensive en-
gagement, member-checking, and triangulation [30]. Due to the limited timeframe and
resources, extensive engagement was not possible, as we used single interviews with
participants. Instead, themes that emerged were presented to members of a locally based
community organization for their input to determine whether our conclusions matched
their interpretation and understanding of the local context.

3. Results

The overall representativeness of the interviewed population as compared to the
full Dorchester HOME Study population is summarized in Table 1. The subset of partici-
pants interviewed for the formative research was not statistically different from the other
Dorchester HOME Study participants in terms of ethnicity, race, household income, or
educational attainment.

Table 1. Demographics of Interviewed Participants and Dorchester HOME Study Participants.

Total No Interview Interview p-Value

(N = 78) (N = 58) (N = 20)

Race 0.36

White 28 (35.9%) 20 (34.5%) 8 (40.0%)
Asian 9 (11.5%) 8 (13.8%) 1 (5.0%)

Black or African American 27 (34.6%) 18 (31.0%) 9 (45.0%)
Other 10 (12.8%) 9 (15.5%) 1 (5.0%)

Missing 4 (5.1%) 3 (5.2%) 1 (5.0%)

Hispanic 0.26

No, Not Hispanic 66 (84.6%) 47 (81.0%) 19 (95.0%)
Yes, Hispanic 12 (15.4%) 11 (19.0%) 1 (5.0%)

Educational Attainment 0.7

Up to high school diploma, GED 14 (17.9%) 12 (20.7%) 2 (10.0%)
Some college or associate degree 17 (21.8%) 13 (22.4%) 4 (20.0%)

Bachelor’s degree 17 (21.8%) 11 (19.0%) 6 (30.0%)
Post graduate degree 29 (37.2%) 21 (36.2%) 8 (40.0%)

Refused to answer 1 (1.3%) 1 (1.7%) 0 (0%)

Household Income 0.54

Less than $20,000 22 (28.2%) 19 (32.8%) 3 (15.0%)
$20,000 to $50,000 14 (17.9%) 11 (19.0%) 3 (15.0%)

$50,000 to $100,000 21 (26.9%) 13 (22.4%) 8 (40.0%)
$100,000 or more 17 (21.8%) 12 (20.7%) 5 (25.0%)

Don’t know 1 (1.3%) 1 (1.7%) 0 (0%)
Refused to answer 3 (3.8%) 2 (3.4%) 1 (5.0%)

Participants’ BRIEF assessment of health literacy scores ranged from marginal (n = 8) to adequate (n = 12) [31].

3.1. Open & Axial Coding

Sixteen categories emerged from the interview data, including the core category
Sensemaking of Indoor Air Quality (IAQ). Sensemaking of IAQ emerged as the core category by
meeting the six requisite criteria outlined by Strauss & Corbin: (1) all categories relate to the
core category; (2) the core category appears frequently; (3) data are not forced to relate to
the core category; (4) the core category is sufficiently abstract to be used in alternative areas;
(5) the theory grows and deepens its explanatory power throughout theory refinement; and
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(6) the core categorical concept stands in varying settings [28]. The core category and other
subcategories are displayed along with their properties in Table S2, which also provides
dimensionalized examples of each of the categories to demonstrate the variety within each
of the categories [28].

3.2. Sensemaking of IAQ

Sensemaking of IAQ was described by participants on different scales (recent and
past life experiences) and in different capacities (knowledge-based, emotion-based, and
sensory-based).

The relationships of the codes identified in Table S2 are demonstrated via axial coding
in Figure 1.
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Figure 1. Axial coding relationships of grounded theory themes for Sensemaking of Indoor Air
Quality (all category definitions are from Vollstedt and Rezat, 2019) [32].

3.3. Causal Conditions

Strauss and Corbin define causal conditions as those that “ . . . specify the phenomenon
with respect to incidents or occurrences that result in appearance or development of a
phenomenon” [32]. Among participants, two themes were identified as being an impetus to
substantial consideration or sensemaking of indoor air quality: (1) having a health concern
for themselves or a household member; and (2) becoming aware or concerned about indoor
air quality because of a sensory experience.

Concern for health was a primary motivator for participants to make sense of indoor
air quality. This included general concern for maintaining the health of household members
as well as avoiding potential triggers for acute health conditions. Asthma and other
respiratory conditions were the main acute health concerns cited by participants:

Participant 18: “I feel that in my home the air quality for me is not good ‘cuz I was
getting asthma attacks all the time, and I’ve got breathing problems sometimes. And I think
my home—it’s still not that healthy for me. So that’s why . . . it’s a personal thing for me”.
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Participants who mentioned asthma or respiratory conditions described a specific in-
terest in understanding their home environment’s indoor air quality, and active information
seeking regarding how to exert control over their IAQ.

Sensory awareness of IAQ was a second motivator for participants to spend time
considering and seeking information about IAQ. Participants described having concerns
about their IAQ because they noticed visual staining on their walls above heaters/fireplaces,
mold in their home, or unwelcome scents such as from traffic or neighbors’ activities
(i.e., smoking or cooking):

Participant 8: “My sister smokes weed when she comes to visit, and sometimes in the
wintertime—when I can’t breathe with that, I have oil heat—I clean out the air . . . I have to
get the furnace cleaned all the time. I can smell it—I think I can at least.”

Both sensory awareness and health concerns were driving factors for participants to
engage in the sensemaking of IAQ. Participants who described either of these conditions
described efforts to characterize the possible impact of indoor air pollutants within their
space and to understand what abilities they have to improve their IAQ.

3.4. Contextual Conditions

Contextual conditions are “ . . . the specific set of characteristics in which the phe-
nomenon is embedded . . . {which} also characterizes the special set of conditions in which
action/interaction strategies take place to overcome, handle, or react to a certain phe-
nomenon” [32]. Four contextual conditions influenced participants’ process of IAQ sense-
making, and their action/inaction strategies [32]. These were ‘individual health literacy’,
‘individual IAQ environmental health literacy’, ‘housing type and proximity to neighbors’,
and ‘existing home behaviors and habits.

Individual health literacy scores, as measured by the BRIEF assessment of health
literacy, ranged from marginal to adequate among interviewed participants, with no
participants in the inadequate health literacy category. Participants described factors of
medical communications that impacted their ability to contextualize and act on medical or
scientific information. Namely, jargon, complex sentence structure, and rapid oral speech
were the primary hindrances described:

Participant 13: “People are . . . it seems like the sentence structure is different. It’s
like—people don’t construct sentences in the way that they used to . . . that makes things
plain. And got the point across . . . now it seems like people just want to go on and on
and on with a bunch of words. And then at the very—and you gotta pick out what the
important stuff really is, instead of just saying it. And it’s—it’s aggravating. It’s like
come on, can you get to the point? . . . Sometimes it’s the words that they’re using and all
that—but most times I think they just—I don’t know it seems like they just want to go on
and on . . . ”

Jargon and complex or dense written information led to confusion as to what the main
messages of the communications were and muddled the participants’ understanding of what
they needed to remember and what actions they could take to protect their personal health.

Individual IAQ environmental health knowledge referred to participants’ lived ex-
periences that impacted their comfort, understanding, and use of IAQ environmental
health information. This included topical knowledge about IAQ (such as sources, exposure
routes, vulnerable or susceptible populations, and relevant health outcomes), as well as
identification of possible actions that can address IAQ or relevant agencies. Individual
IAQ environmental health knowledge varied greatly across the participants in terms of
their awareness of the pollutants themselves and possible impacts. There were many
participants who had never heard of either ‘nitrogen dioxide’ or ‘particulate matter’ who
described concerns for vulnerable populations (for example in the context of the elevated
rates of asthma in their community) and also described sources of each of the pollutants
(such as smoking or cooking with the stove). One participant who did not recognize
particulate matter or nitrogen dioxide described deep familiarity with actions she could
take to improve her indoor air quality to protect her child with asthma:
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Participant 4: “Nobody’s allowed to smoke in my house. I don’t use air fresheners
–, I use fans, I don’t really use the air conditioner that much. {My daughter’s} not really
allowed to have little stuffed animals . . . changing her bedding. She has—covers on her
bed too– so for the dust mites and things like that. She has an air purifier in her room, I
have one in my room . . . I’ve looked a lot online. Especially, the children’s hospital has like
a whole section on air pollution and how to make your—your home more—I guess people
who have asthma—to make it more safe. And definitely her doctors—just getting more
information from them. Pamphlets from her school . . . ”

Despite not being familiar with the technical terms for particulate matter and nitrogen
dioxide, some participants still described the perceived importance of IAQ and actions they
took to address their home’s IAQ, as well as trusted sources of information for IAQ, such
as doctors or hospital websites.

Conversely, some participants who expressed familiarity with IAQ and technical
language were generally unconcerned about their home’s IAQ:

Participant 3: “ . . . it’s more the outside environment. I don’t think much about—I don’t
think much about indoor air pollution. I don’t know that much about it. I probably know
more about—or I’m more aware about outdoor air pollution . . . I don’t really think too much
about indoor air pollution, so I’m really curious to see what the report might say.”

This range of awareness of indoor air pollution, comfort-seeking, and interpreting envi-
ronmental information impacted the ways in which participants reacted to their perceptions
of IAQ. However, the causal conditions (health concern or sensory awareness) continued to
be the primary drivers for participants to take action to improve indoor air quality.

Housing type and proximity to neighbors were factors that participants described as
impacting their IAQ or affecting their decision/ability to act to address their home’s IAQ.
Specifically, participants who lived in multi-unit housing, and/or were renters, described
themselves as having little control over their IAQ either because they were unable to address
structural problems in their homes or because neighbors’ air quality impacted their own:

Participant 14: “Before I moved here, I owned the house—my home . . . so I kept my
basement really clean and dry. Now I’m a renter, and the last two apartments I’ve had
don’t have stove vents or any options like that.”

Participant 13: “It doesn’t matter what—it’s always cold in here—and you always
smell somebody else’s apartment through the vent in the bathroom. It’s the vent in the
bathroom the odors come through. It’s just—just not good . . . They’re all connected—the
apartment—so I mean they don’t even—it’s pointless I don’t even know why they did that
but, anyways, —if somebody next door is smoking cigarettes or smoking weed, you’re
definitely going to smell it.”

In contrast, participants who were single-family homeowners expressed less frustra-
tion with their IAQ, and indicated that they either were unconcerned with it or felt as
though they had the ability to change behaviors or infrastructure in their home if need be:

Participant 19: “Um—I guess it’s not up there on the list, to be honest . . . it’s maybe, if
I had to rank them, maybe the 10th thing that I think about on a day-to-day basis {laughing}.
I guess that I take it for granted, to be honest.”

Housing type and impact from neighbors on IAQ influenced participants’ awareness
(in terms of having worried about it) and sense of control over their home’s IAQ. This, in
turn, impacted the actions that they took (or did not take), and ultimately their sense of
security over their home’s IAQ.

Finally, existing home behaviors and habits described typical lifestyle patterns in
terms relevant to IAQ such as candle/incense use, kitchen vent use, window opening
behaviors, air purifier/humidifier use, and other relevant activities. Participants described
a wide variety of typical home behaviors, including their routines for kitchen use, typical
kitchen vent behaviors, and what motivated or prevented them from using candles, incense,
or air purifiers and humidifiers.
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3.5. Action/Inaction Strategies

Action and interaction strategies are those that impact the phenomenon of interest
in terms of the individual’s reaction to respond or overcome it, and ultimately lead to the
consequences of the phenomenon [32]. Three action/inaction strategies emerged from this
analysis: (1) participants purchased items intended to address IAQ; (2) they chose to engage
in behaviors in their home to address IAQ; and (3) they sought additional information
about IAQ.

Purchasing items was one of the strategies employed by participants to control or
change their indoor air quality. Multiple participants had purchased a humidifier and/or
an air purifier to improve their home’s IAQ. Many of these participants did so in response
to an acute health concern (such as asthma):

Participant 4: “{My daughter} has an air purifier in her room, I have one in my room
. . . it was expensive, but it was worth it. Cuz my daughter doesn’t have as many flare-ups
in the home as much as she used to.”

These purchases were made typically at the suggestion of a physician who indicated
it may have a medical benefit. However, there were also participants who described
purchasing air purifiers to improve their IAQ, despite being unsure of the true impact:

Participant 7: “I read online—so I had read that it helps with—breathing . . . but it
could all be in my head cuz I swear since the ion cleaner, which is probably not cleaning
anything—but I said the thing was almost like 200–300 dollars, so in my mind, I gotta
pretend it’s doing something”

Home behaviors taken by participants to address indoor air quality extended beyond
purchasing items specifically intended to improve air quality. Participants also described
actions they took in their homes to address IAQ that did not involve purchasing humidifiers
or air purifiers. These included actions such as purchasing or mixing cleaning solutions
that were ‘green’ and certain window/door opening behaviors to improve air circulation:

Participant 16: I got a whole bunch of plants in the house . . . and also, the German
practice of opening the windows for 15 min and letting the air go through the house.”

Other participants suggested that they preferred to keep their windows closed to
protect their indoor air quality:

Participant 9:” I personally like to keep windows closed. Cuz I just like to keep one
quality of air circulating through. Cuz I find that I notice a lot of times windows are open, I
see a lot of dirt coming in. It’s probably also because of asthma and things—pollen and
things like that. So—so for me, I think I tend to just do things that will circulate and clean
the air.”

The desire to keep windows closed was typically related to a desire to keep pollen or
‘dirty air’ outside and clean air inside, or to avoid the loss of warmth inside in the winter.

Seeking information about IAQ was the final action/inaction strategy described by the
participants. Those who had not specifically sought out information about IAQ described
it as not feeling ‘relevant’ to their own lives. Those who had sought information did so
after learning about a medical condition, or having concern from sensory perceptions that
led them to believe they had poor air quality:

Participant 8: “ . . . okay, this is in my house, where’d it come from! . . . Yea—I read—
the um, books from the doctor’s office. And, sometimes I just look on the internet—like
different stuff I read.”

Participants’ decisions to engage in certain action or inaction strategies (such as
purchasing additional items, adjusting their in-home behaviors, or seeking additional
information) were influenced by both contextual and causal conditions.

3.6. Intervening Conditions

Intervening conditions refer to, “the broad and general conditions that influence
action/inaction strategies” [32]. There were three mitigating factors that impact participants’
action or inaction strategies. These included the participants’ perceived agency to induce
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change or control their home’s indoor air quality, their risk perception of indoor air quality
in their homes, and the accessibility of environmental health information.

Perceived agency was the most prevalent hindrance for participants describing their
control over their home’s IAQ. Multiple participants described a desire to address their
indoor air quality but feeling as though they were unable to do so either because they
were renters, they could not afford the solutions that they desired, or they were in close
proximity to others who they believed negatively affected the IAQ (such as neighbors or
family members). Specifically, the cost of air purifiers was prohibitive to some participants:

Participant 13: “I would just like to . . . I mean I know there’s nothing that can be done
or nothing that will be done, but . . . I just wish that . . . I had cleaner air to breathe. That’s
all. I wish I could afford air filters; you know.”

In addition to the cost burden of air purifiers and humidifiers, the cost of installing
different types of kitchen vents was also cited as a barrier by participants. Among some
participants who had humidifiers or purifiers, there was also skepticism as to whether they
were actually effective, particularly for the amount of effort they required for upkeep:

Participant 9: “I used to have a humidifier, I just felt it was—cuz I bought the filter
and everything, but the process of everything . . . you still seen the dark film. And that’s
when I was like uhhh okay is this really working?”

Alternatively, some participants noted that knowing where to look for information
(such as trusted family members or coworkers, or specific resources online) made them
feel more confident and better able to control their IAQ. Additionally, participants who
described having engaged in a project to address a different environmental concern in their
home before (such as removing asbestos or lead paint) were less likely to express a sense
of frustration or futility when considering the possibility of changing something in their
homes in the future to address IAQ:

Participant 2: “ . . . I tested the water lead levels after the stories were coming out about
the Boston Public Schools—I tested the soil lead levels. We paint{ed} over some chipped
paint. I sort of understood that indoor air quality was an emerging area of health concern,
but I didn’t understand it very well . . . There are a big swatch of—am I okay I don’t need
to worry or I’m not okay, and then I could start breaking it down. I’m like—oh—okay! I
can run the fan when I’m cooking—it’s not just for smell. Maybe I’m making things a little
healthier—I could do that.”

Conversely, some participants described specific barriers to being able to engage in
the action/inaction strategies. These were largely due to not being able to make structural
changes to their home because they are renters and/or their IAQ is impacted by their
neighbors. Some participants also identified solutions to IAQ that were unaffordable (such
as air purifiers) or having trouble finding accessible information on the topic to help inform
their decision making.

Risk perception of IAQ varied widely among participants and was influenced by the
two causal conditions, health concern and sensory awareness of IAQ. Some participants
indicated that being involved in the study was the first time they had considered indoor air
quality as a possible concern in their home:

Participant 1: “It seems like you’re reaching a niche that’s not really high on my
awareness level. Well, I really don’t think of it being unhealthy in our home. And if the
study says that there’s a big difference between households and certain things make a
difference . . . then I’d like to know for my own—how I should . . . just something to let
people know.”

While some participants expressed low concern over indoor air quality and the po-
tential health impacts, other participants expressed intense concern for the possible health
risks associated with IAQ:

Participant 18: “For me—it’s vital to my life. In terms of survival. As I said I have
respiratory problems. It’s very important I have clean air. Clean environment. At all times.”
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Participants’ risk perception of IAQ impacted their motivation whether to purchase
items to remove indoor air pollutants, to alter their typical home behaviors and whether
they had spent time actively seeking additional information about indoor air quality.

Accessibility of environmental health information was described by many partici-
pants as a challenge to understanding what steps to take:

Participant 20: “I think some scientists’ reports tend to be dense—and tend to think
that big words make it sound important. And almost everything could be um . . . it’s not
dumbed down, but put in more readable common language . . . and I think when you’re
distributing information to the community, to include all of the technical information . . .
but they could be really clear language . . . Sometimes it’s you know—long sentences with
footnotes, and this that and the other thing. They’re very hard to follow.”

Participants consistently described a desire for more clarity in environmental health
communications, regardless of their educational background. The most offered challenges
were jargon, complex sentence structure, and ineffective translation of scientific concepts.

3.7. Consequences

Consequences are the general results of the action or inaction strategies to the phe-
nomenon. The consequences can vary over time, as well as be hypothetical or real [32].
There were three consequences that resulted from the action/inaction strategies and inter-
vening conditions related to the sensemaking of IAQ: (1) perception of access to resources
or actions that can reduce indoor air pollution; (2) perceived ability to control IAQ; and (3)
sense of security for personal and family health.

Those who had experienced some sort of sensory indication of a possible IAQ problem
and/or had a family member in the home with an acute health concern were more likely to
engage in these action strategies. Those who had a low risk perception of indoor air quality
were less likely to have someone in the home with a respiratory health condition or to have
become aware of a specific air quality concern in their home. They were, in turn, less likely
to have a concern about their ability to control IAQ or access resources to address IAQ.
Additionally, they were less likely to express that they were concerned about the ability to
maintain their own or their family’s health within their home.

Conversely, participants who had a family member with a specific health concern or
had an acute awareness of an IAQ concern were those who reported seeking information
and researching information about how to adjust their home behaviors specifically to
address their IAQ. These efforts were often impacted by contextual conditions or interven-
ing conditions that mitigated their abilities to engage successfully in the action/inaction
strategies. Specifically, there were multiple barriers that participants described as being
beyond their control (such as home structures or neighbors’ behaviors, or financial burdens)
that hindered their ability to address IAQ concerns. This left those participants feeling
frustrated and with a sense of futility about their prospects for taking control of their indoor
air and health.

There was variability in the distribution of levels of the perceived risk of IAQ and
perceived self-agency to control IAQ among participants, although none of the demographic
variables were statistically significantly different (see Tables S4 and S5 in Supplementary
Materials). Fifty-seven percent of participants who reported having little concern regarding
their IAQ, or not perceiving it to be a risk for themselves were white. Sixty-four percent
of participants reporting that they perceived IAQ to be very pertinent to their lives or
carrying quite a bit of risk were Black or African American. Additionally, participants who
reported having positive perceived self-agency to address their indoor air quality were
primarily those with adequate health literacy (according to the BRIEF assessment of health
literacy) [31]. Future efforts should explore the variability of demographics across these
thematic constructs.
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4. Discussion

Findings from this in-depth analysis of semi-structured interviews, building upon
baseline data, serve to contextualize the factors that influence participants’ understanding
of IAQ and their subsequent actions/inactions. Through this work, we identify one primary
barrier to action to be the perception that participants are unable to achieve healthy IAQ
because they cannot afford air purifiers or humidifiers.

A second barrier to action participants described was access to trustworthy, accessible
environmental health information. Participants described the challenges they had engaging
with scientific materials because of jargon or complex sentence structures.

It is evident from this work that there are factors beyond the individual’s literacy
and educational background that influence their engagement with IAQ topics and their
decisions or agency to address their IAQ.

Limitations

Although qualitative interviews can provide valuable insight regarding the ways in
which people make sense of indoor air quality, this study has several limitations. First, this
sample of HOME Study participants may not be representative of all study participants in
terms of what impacts their sensemaking of IAQ. Though the sampling process intended to
randomly sample participants from differing perspectives on outdoor quality in Dorchester,
this may not be a suitable proxy to capture the full range of perspectives and themes
relevant to the sensemaking of IAQ. The HOME Study participants may also not be
representative of the general Dorchester, Massachusetts population. Those who participated
in the HOME Study may have more awareness of air quality, in general, which led them
to be interested in participating and learning more about their own indoor environment.
Additionally, due to the loss of follow-up and non-response from participants, those
who originally indicated they believed the air quality in Dorchester was ‘Good’ were
underrepresented in the interviews, and those who believed that the air quality was ‘Very
bad’ were overrepresented.

The interview process spanned the two-week period during which the first Boston-
area COVID-19 pandemic restrictions went into effect. This led to participants spending
significantly more time at home and may have influenced their perceptions of indoor air
quality and its heightened relevance to their personal health.

The variation in educational attainment and health literacy levels of the participants
of the interviews was also limited. Seventy percent (70%) of interview participants had
a bachelor’s degree or higher, leaving only 30% of participants with up to some college
education. Additionally, there were no participants who reported having inadequate health
literacy, although nearly half of participants had marginal health literacy. The unevenness
of representation across these variables may impact the suitability of this framework for
other populations. The framework should be evaluated in additional populations with
more variability across both health literacy scores and educational attainment.

The sensemaking of IAQ within the Dorchester community may also not be repre-
sentative of other populations’ IAQ sensemaking. For example, during the time frame of
this effort, there were substantial air quality concerns in the western portion of the United
States from wildfires. While these were not front-of-mind for participants in Dorchester
considering their indoor air quality, this may differ for communities who have been dra-
matically impacted by the air quality effects from fires. We believe that this framework will
be suitable in different environments and populations but will need to be tested in a variety
of additional contexts.

5. Study Implications

Study findings contribute to theory and model building for environmental health
literacy explorations as well as for concrete actions that may enhance future efforts to inform
the public and enhance their ability to take needed action.
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5.1. Importance of Contextual Issues

Within this effort, participants described awareness or concern regarding their IAQ
and were often able to identify challenges (such as neighbors’ behaviors) and solutions
(such as air purifiers or vents/fans) that they felt unable to access or address within
their own home contexts. Additionally, participants referenced seeking environmental
information—either written or oral—that they found to be inaccessible due to complex
sentence structure or jargon. These findings may indicate challenges to the existing concep-
tualizations of environmental health literacy on two fronts: (1) that environmental health
literacy is an attribute of an individual/community [1], rather than an interaction between
environmental communicators and information seekers; and (2) that the direct connection
between knowledge and enacting solutions is an appropriate metric for evaluating envi-
ronmental health literacy [1,2]. This effort generates hypotheses to be evaluated in future
work. Specifically:

1. Contextual barriers disrupt the proposed linear continuum between environmental
(IAQ) knowledge and action.

a. Barriers to resources prevent participants from acting on IAQ information.
b. Cost barriers prevent participants from acting on IAQ information.

2. Environmental communications with high demand reduce readers’ motivation/impetus
to act on them.

a. Environmental health materials with high demand leads to inaction.
b. Environmental health materials with high demand leads participants to have

low perceived self-efficacy to take action.

To achieve ‘proficiency’ or advanced levels in existing conceptualizations of EHL,
individuals are expected to be able to seek out, comprehend, and evaluate environmental
health and science materials [1,2,33]. This necessitates interactions with materials created
by environmental health professionals but fails to account for the accessibility of those
materials in terms of literacy or numeracy demand. This work suggests expanding the
model of environmental health literacy. The focus on the individual/community’s ability to
navigate the information fails to consider a broader range of factors, including the messages
they encounter [34]. If available environmental exposure/health communications are not
accessible, then users will subsequently be unable to implement information within them.

5.2. Expanding the Definition of Environmental Health Literacy

Definitions and suggested models for environmental health literacy continue to evolve.
An early definition from the Society for Public Health Education focused on the skills and
abilities of individuals:

Environmental health literacy integrates concepts from both environmental literacy
and health literacy to develop the wide range of skills and competencies that people need
in order to seek out, comprehend, evaluate, and use environmental health information
to make informed choices, reduce health risks, improve quality of life, and protect the
environment [1].

Finn and O’Fallon built upon this definition in their seminal 2017 paper describing
the origins of EHL and the possibilities for future potential. Within that work, they further
posited that “Individuals who are proficient in EHL are able to recognize their exposures
and exert some manner of control over them rather than feeling as if ‘there’s nothing I can
do.’” [1]. This moved the definition further by implicitly acknowledging the importance of
perceived-self agency to act within the framework of EHL. It also suggested that EHL is
not an all-encompassing attribute, but rather is specific to and may vary across different
environmental hazards based on personal experiences [1].

The most recent definition was offered by Dr. Hoover in the first book on EHL:
. . . environmental health literacy can be defined as an emerging and evolving multi-

disciplinary field that seeks to better understand how individuals and communities make
sense of and act on health-related information about environmental hazards. This defini-
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tion makes clear that EHL requires basic scientific knowledge about contaminants, human
health, and exposure pathways; however, such knowledge may not be sufficient for action.
Rather, people at more advanced levels of EHL also need to understand the complicated
roles, responsibilities, and uncertainties related to environmental health decisions and
solution implementation processes [5].

Inherent in this definition is the importance of topical knowledge as well as ownership
and empowerment regarding the decisions of how to act upon that knowledge. However,
there are two important inclusions: first, that knowledge may not necessarily lead to
exposure-reduction actions, and second, that there is a hierarchy of EHL levels, the top-
most of which require a sophisticated understanding of stakeholders, scientific uncertainty,
and the application of those knowledge components into their application towards solutions
to reduce exposures.

Together, these definitions indicate an expanding perspective on EHL from a sole focus on
individual skills and abilities to apply environmental health knowledge to an acknowledgment
of factors external to the individual (e.g., policies, systems, and environmental factors).

The early definitions of EHL offered in the literature emphasize the importance of
knowledge and capacity-building of individuals and communities to address or reduce
relevant environmental exposures. Within these definitions, the onus of knowledge and
action is within the individual or community experiencing exposure [1,2,5]. What we find to
be lacking from each of these definitions is the identification and removal of barriers that exist
between the implied continuum (or hierarchy) of environmental exposure, environmental
contaminant knowledge, and the ability to access information and act upon it.

5.3. Supporting Action

The second implication of these early conceptualizations of EHL is that the ‘advanced
level’ of EHL, or those who are environmentally-health-literate, are those who are able to
implement solutions to reduce exposures, among other capabilities [1]. While there are some
exposure scenarios in which there are widely accessible, low-cost solutions (such as opening
windows to reduce indoor air pollution), there are exposure scenarios in which solutions
may involve high cost or access to resources that are not widely accessible. Financial
barriers may therefore pose a barrier to achieving EHL in its existing conceptualizations [1].
Focusing on individuals’ and communities’ ultimate ability to take ‘appropriate action’ to
solve their exposure scenario, without acknowledging, measuring, and removing existing
barriers, will characterize those who encounter barriers as having lower EHL, when in
fact, they are possibly lacking access to the resources to remove barriers. ‘Raising EHL’ in
these scenarios, without removing barriers, will be ineffective and will risk stigmatizing
individuals and communities.

Adapting the definition of EHL has implications for appropriate measurements. If
EHL is defined as an attribute or skillset of an individual navigating information and
associated health behaviors, then measurement tools that assess individual knowledge and
action are appropriate [35]. If, rather, EHL is a broader phenomenon that encapsulates
individual skills and capacities in addition to environmental messages, existing behaviors,
and structural factors, then measurements at the individual level will be insufficient.

5.4. Informing Action

Message creators should additionally determine what potential barriers exist between
the knowledge of exposure and the ‘appropriate’ action to reduce exposure. The message
should assist in facilitating the removal of the barriers, rather than solely providing behavior
suggestions for the reader. This can reduce the stigmatization of populations who have
more barriers between knowledge and action.

Additional efforts are needed to further develop our understanding of how people
make sense of specific environmental health exposures. Findings from this study may
provide insight for future inductive efforts to characterize populations’ environmental
health literacy of specific exposures.
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6. Conclusions

This effort expanded beyond a measure of the skills and abilities of individuals to
explore additional factors that facilitate or inhibit action to address environmental exposure.
We found that participants who had family members with health conditions or could
detect an IAQ concern via their senses were more likely to engage in the process of seeking
information and behaviors that they could change to control their IAQ. We found that
there were barriers that may have hindered their efforts and should be considered in future
communication or intervention efforts.
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Perceived Self Agency Levels.

Author Contributions: Conceptualization, K.S.T., R.E.R., K.M.E. and G.A.; methodology, K.S.T.,
R.E.R., K.M.E. and G.A.; formal analysis, K.S.T.; investigation, K.S.T.; resources: M.A., M.K.S. and
G.A.; data curation, K.S.T.; writing (original draft preparation), K.S.T.; writing (review and editing),
R.E.R., K.M.E., E.P., S.C., D.Q., M.K.S., M.A. and G.A.; visualization, K.S.T.; supervision, G.A., R.E.R.
and K.M.E.; project administration, M.A.; funding acquisition, M.K.S. and G.A. All authors have read
and agreed to the published version of the manuscript.

Funding: The National Institute on Minority Health and Health Disparities (Award no. P50MD010428)
and the United States Environmental Protection Agency (Award no. RD-836156). This work is part of
the Center for Research on Environmental and Social Stressors in Housing Across the Life Course
(CRESSH). It has not been formally reviewed by the EPA. The views expressed in this document
are solely those of the authors and do not necessarily reflect those of the agency. The EPA does not
endorse any products or commercial services mentioned in this publication.

Institutional Review Board Statement: We obtained approval for these interviews and all associated
materials from Harvard T.H. Chan School of Public Health’s Institutional Review Board (IRB 15-1756).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Acknowledgments: The authors would like to thank the HOME Study field team, Sara Gillooly,
Andrew Shapero, MyDzung Chu, and Jose Vallarino, for their dedication and efforts in executing all
of the field components of the HOME Study. We would also like to thank the study participants who
graciously allowed us into their homes to conduct the HOME Study and contributed their time to the
interviews for this effort.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Finn, S.; O’Fallon, L. The emergence of environmental health literacy—From its roots to its future potential. Environ. Health

Perspect. 2017, 125, 495–501. [CrossRef] [PubMed]
2. Gray, K.M. From Content Knowledge to Community Change: A Review of Representations of Environmental Health Literacy.

Int. J. Environ. Res. Public Health 2018, 15, 466. [CrossRef] [PubMed]
3. Brown, P.; Morello-Frosch, R.; Brody, J.G.; Altman, R.G.; A Rudel, R.; Senier, L.; Pérez, C.; Simpson, R. Institutional review board

challenges related to community-based participatory research on human exposure to environmental toxins: A case study. Environ.
Health 2010, 9, 39. [CrossRef]

4. Ramirez-Andreotta, M.D.; Brody, J.G.; Lothrop, N.; Loh, M.; Beamer, P.I.; Brown, P. Improving Environmental Health Literacy
and Justice through Environmental Exposure Results Communication. Int. J. Environ. Res. Public Health 2016, 13, 690. [CrossRef]
[PubMed]

5. Hoover, A.G. Defining Environmental Health Literacy. In Environmental Health Literacy, 1st ed.; Finn, S., O’Fallon, L., Eds.;
Springer: Durham, NC, USA, 2019; pp. 3–18.

6. Rosas, L.G.; Trujillo, C. Environmental Health Education in a Prenatal Clinic. Patient Educ. Couns. 2015, 97, 244–247. [CrossRef]
7. Butterfield, P.G.; Hill, W.; Postma, J.; Butterfield, P.W.; Odom-Maryon, T. Effectiveness of a household environmental health

intervention delivered by rural public health nurses. Am. J. Public Health 2011, 101 (Suppl. 1), 262–270. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/ijerph19042227/s1
https://www.mdpi.com/article/10.3390/ijerph19042227/s1
http://doi.org/10.1289/ehp.1409337
http://www.ncbi.nlm.nih.gov/pubmed/26126293
http://doi.org/10.3390/ijerph15030466
http://www.ncbi.nlm.nih.gov/pubmed/29518955
http://doi.org/10.1186/1476-069X-9-39
http://doi.org/10.3390/ijerph13070690
http://www.ncbi.nlm.nih.gov/pubmed/27399755
http://doi.org/10.1016/j.pec.2014.07.018
http://doi.org/10.2105/AJPH.2011.300164
http://www.ncbi.nlm.nih.gov/pubmed/21836117


Int. J. Environ. Res. Public Health 2022, 19, 2227 16 of 16

8. Kavouras, A.F.I.; Ferguson, I.K.A. Environmental Health Education for Teachers: Results of Pre- and Post-surveys from a Pilot
Study Addressing Chemical Use Reduction and Integrated Pest Management in Homes. J. Community Med. Health Educ. 2014, 4.
[CrossRef]

9. Quandt, S.A.; Grzywacz, J.G.; Talton, J.W.; Trejo, G.; Tapia, J.; D’Agostino, R.B.; Mirabelli, M.C.; Arcury, T.A. Evaluating the
Effectiveness of a Lay Health Promoter-Led, Community-Based Participatory Pesticide Safety Intervention With Farmworker
Families. Health Promot. Pract. 2012, 14, 425–432. [CrossRef]

10. Cohen, A.K.; Waters, A.; Brown, P. Place-Based Environmental Health Justice Education: A Community-Unversity-Government-
Middle School Partnership. Environ. Justice 2012, 5, 188–197. [CrossRef]

11. LePrevost, C.E.; Storm, J.F.; Asuaje, C.R.; Arellano, C.; Cope, W.G. Assessing the effectiveness of the Pesticidesand Farmworker
Health Toolkit: A curriculum for enhancing farmworkers’ understanding of pesticide safety concepts. J. Agromedicine 2014, 19,
96–102. [CrossRef]

12. Ramos, I.N.; He, Q.; Ramos, K.S. Improvements in Environmental Health Literacy along the Texas-Mexico Border Following
Community-wide Health Education. Environ. Justice 2012, 5, 32–37. [CrossRef]

13. Dixon, J.K.; Hendrickson, K.C.; Ercolano, E.; Quackenbush, R.; Dixon, J.P. The Environmental Health Engagement Profile: What
People Think and Do about Environmental Health. Public Health Nurs. 2009, 26, 460–473. [CrossRef] [PubMed]

14. Ratnapradipa, D.; Middleton, W.K.; Wodika, A.B.; Brown, S.L.; Preihs, K. What does the public know about environmental health?
A qualitative approach to refining an environmental health awareness instrument. J. Environ. Health 2015, 77, 22–28. [PubMed]

15. Ratnapradipa, D.; Brown, S.; Middleton, W.; Wodika, A. Measuring Environmental Health Perception among College Students.
Health Educ. 2011, 43, 13–20.

16. Gillooly, S.E.; Zhou, Y.; Vallarino, J.; Chu, M.T.; Michanowicz, D.R.; Levy, J.I.; Adamkiewicz, G. Development of an in-home,
real-time air pollutant sensor platform and implications for community use. Environ. Pollut. 2019, 244, 440–450. [CrossRef]

17. Chu, M.T.; Gillooly, S.E.; Levy, J.I.; Vallarino, J.; Reyna, L.N.; Laurent, J.G.C.; Coull, B.A.; Adamkiewicz, G. Real-time Indoor
PM2.5 Monitoring in an Urban Cohort: Implications for Exposure Disparities and Source Control. Environ. Res. 2020, 193, 110561.
[CrossRef]

18. Boston Planning & Development Agency. Dorchester. Available online: http://www.bostonplans.org/getattachment/cf81f002
-ca73-4e12-9f37-ce6cbdb865c3 (accessed on 2 March 2021).

19. Boston Parks & Recreation Department. The Neighborhoods. Available online: https://www.cityofboston.gov/Parks/
openspace/2002_2006.asp (accessed on 4 March 2021).

20. Walsh, M.J.; Doyle, F.J.; Lupi, M.V. Health of Boston 2016–2017. Available online: https://www.bphc.org/healthdata/health-of-
boston-report/Pages/Health-of-Boston-Report.aspx (accessed on 2 March 2021).

21. Brugge, D.; Vallarino, J.; Osgood, N.-D.; Steinbach, S.; Spengler, J. An Asthma Intervention Pilot Study in Public Housing: Lessons
and Baseline Data. In Proceedings of the Engineering Solutions to Indoor Air Quality Programs Symposium, Dallas, TX, USA,
24 June 2000; pp. 1–17.

22. Hynes, H.P.; Brugge, D.; Watts, J.; Lally, J. Public Health and the Physical Environment in Boston Public Housing: A Community-
based Survey and Action Agenda. Plan. Pract. Res. 2000, 15, 31–49. [CrossRef]

23. Bartholomew, L.K.; Parcel, G.S.; Kok, G.; Gottlieb, N.H. Planning Health Promotion Programs, 2nd ed.; Jossey-Bass: San Fransisco,
CA, USA, 2006.

24. Haun, J.; Luther, S.; Dodd, V.; Donaldson, P. Measurement variation across health literacy assessments: Implications for assessment
selection in research and practice. J. Health Commun. 2012, 17 (Suppl. 3), 141–159. [CrossRef]

25. Denzin, N.K.; Lincoln, Y.S. The SAGE Handbook of Qualitative Research, 5th ed.; SAGE Publications: Thousand Oaks, CA, USA, 2000.
26. Thomas, P. Research Methodolgy and Design. In Towards Developing a Web-Based Blended Learning Environment at the University of

Botswana, 1st ed.; University of South Africa: Pretoria, South Africa, 2010.
27. Thomas, D. A General Inductive Approach for Analyzing Qualitative Evaluation Data. Am. J. Eval. 2006, 27, 237–246. [CrossRef]
28. Zunker, C.; Ivankova, N. Applying grounded theory to weight management among women: Making a Commitment to Healthy

Eating. Qual. Rep. 2011, 16, 860–880.
29. Hallberg, L.R.-M. The ‘core category’ of grounded theory: Making constant comparisons. Int. J. Qual. Stud. Health Well-being 2006,

1, 141–148. [CrossRef]
30. Amankwaa, L. Creating Protocols for Trustworthiness in Qualitative Research. J. Cult. Divers. 2016, 23, 121–127.
31. Chew, L.D.; A Bradley, K.; Boyko, E.J. Brief Questions to Identify Patients With Inadequate Health Literacy. Fam. Med. 2004, 36,

588–594. [PubMed]
32. Vollstedt, M.; Rezat, S. An Introduction to Grounded Theory with a Special Focus on Axial Coding and the Coding Paradigm; Springer

International Publishing: Berlin/Heidelberg, Germany, 2019.
33. Finn, S.; O’Fallon, L. Environmental Health Literacy, 1st ed.; Springer: Durham, NC, USA, 2019.
34. Rudd, R.; Baur, C. Health literacy and early insights during a pandemic. J. Commun. Health 2020, 13, 13–16. [CrossRef]
35. Nutbeam, D. The evolving concept of health literacy. Soc. Sci. Med. 2008, 67, 2072–2078. [CrossRef] [PubMed]

http://doi.org/10.4172/2161-0711.1000318
http://doi.org/10.1177/1524839912459652
http://doi.org/10.1089/env.2010.0021
http://doi.org/10.1080/1059924X.2014.886538
http://doi.org/10.1089/env.2011.0006
http://doi.org/10.1111/j.1525-1446.2009.00804.x
http://www.ncbi.nlm.nih.gov/pubmed/19706129
http://www.ncbi.nlm.nih.gov/pubmed/25876262
http://doi.org/10.1016/j.envpol.2018.10.064
http://doi.org/10.1016/j.envres.2020.110561
http://www.bostonplans.org/getattachment/cf81f002-ca73-4e12-9f37-ce6cbdb865c3
http://www.bostonplans.org/getattachment/cf81f002-ca73-4e12-9f37-ce6cbdb865c3
https://www.cityofboston.gov/Parks/openspace/2002_2006.asp
https://www.cityofboston.gov/Parks/openspace/2002_2006.asp
https://www.bphc.org/healthdata/health-of-boston-report/Pages/Health-of-Boston-Report.aspx
https://www.bphc.org/healthdata/health-of-boston-report/Pages/Health-of-Boston-Report.aspx
http://doi.org/10.1080/713691876
http://doi.org/10.1080/10810730.2012.712615
http://doi.org/10.1177/1098214005283748
http://doi.org/10.1080/17482620600858399
http://www.ncbi.nlm.nih.gov/pubmed/15343421
http://doi.org/10.1080/17538068.2020.1760622
http://doi.org/10.1016/j.socscimed.2008.09.050
http://www.ncbi.nlm.nih.gov/pubmed/18952344

	Introduction 
	Materials and Methods 
	Data Collection 
	Study Population 
	Baseline Survey Data 
	Health Literacy Assessment 
	Data Analysis 

	Results 
	Open & Axial Coding 
	Sensemaking of IAQ 
	Causal Conditions 
	Contextual Conditions 
	Action/Inaction Strategies 
	Intervening Conditions 
	Consequences 

	Discussion 
	Study Implications 
	Importance of Contextual Issues 
	Expanding the Definition of Environmental Health Literacy 
	Supporting Action 
	Informing Action 

	Conclusions 
	References

