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ABSTRACT
Access to information and resources is not equitably distributed (1–5). These inequities
have been associated with adverse health outcomes (6–9). Enhancing access to personal health
data and information via data democratization has been touted as a means of addressing
information and health inequities (10–13). Within the field of environmental health, there is
increasing interest in return of research results (i.e., data report-back) to participants of exposure
assessment studies as a method of data democratization (11,14–18). Returning environmental
health results back to participants provides access to information that may not otherwise be
available to them. It can provide insight regarding hazardous exposures and suggestions for
health-protective behaviors. However, making environmental health data available does not
necessarily mean that the data are accessible. Research regarding impact of environmental data
report-backs has largely focused on knowledge gain and actionable outcomes. Both have been
housed under the overarching skillset labeled, ‘Environmental Health Literacy’ (EHL). Little
research has evaluated the impact of data report-back on domains beyond these two components
of EHL, missing opportunities to identify areas for improvement regarding message creation and
distribution. The objective of this dissertation is to explore existing EHL for a specific
environmental exposure, indoor air quality, and to augment existing methods for creating and
assessing accessible environmental health data report-backs.
First, we build upon suggested evaluation metrics (namely, participant valuation) by
introducing assessments of reach, understandability, and actionability of a data report-back
effort. We found that there were significant demographic differences in terms of who engaged in
iii

Dissertation Advisor: Dr. Gary Adamkiewicz

Kathryn S. Tomsho

the report back process and determine that additional methods are necessary to evaluate impact
of environmental health data messaging. Next, we engage in interpretivist grounded theory to
inductively explore the ways in which participants (n= 20) of an indoor air quality study attend
and make sense of their home’s indoor air quality (IAQ). Our findings suggest that family health
concerns and sensory awareness of indoor air contaminants were primary motivators for
participants to spend time making sense of indoor air quality, and that certain intervening
conditions (such as perceived self-efficacy, risk perception, and accessibility of environmental
health information) influenced participants’ ability and interest to take action to address their
home’s indoor air quality. These findings present challenges to existing conceptualizations of
EHL on two fronts: that is an attribute of an individual and that the proposed continuum between
knowledge and action is a reasonable metric for evaluating EHL. Finally, we combine formative
research with best practice guidelines for written materials from evidence-driven health literacy
tools and health communication theory to produce accessible audience-informed data report-back
materials. We outline a process for developing and evaluating environmental health data reports
that are tailored to inspire risk-reduction actions, and are demonstrably accessible in terms of
their literacy, numeracy, and data visualization demand.
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GLOSSARY OF TERMS
Glossary Term
Data
democratization

Definition
Bottlenecks or barriers to accessing data are removed in the interest of
increased access for all.

Data report-back

“…the manner in which the research team provides information to the study
participants” (20)
Data report-back is motivated by both ethical and practical considerations.
Ethically, participants have a right to know (or not know) their data and is a
form of knowledge democratization. Practically, providing data back to
participants can provide valuable evidence regarding personal exposures. This
information can be useful if they decide that they would like to try to reduce
their exposures to protect their personal health.
“…the emerging and evolving multidisciplinary field that seeks to better
understand how individuals and communities make sense of and act on healthrelated information about environmental hazards…EHL requires basic
scientific knowledge about contaminants, human health, and exposure
pathways; however, such knowledge may not be sufficient for action” (pg. 5)
(21)
“…is primarily a process that attempts to describe and interpret social
expressions between people and groups”(22)
“…the study of the contact of humans with chemical, physical, or biological
agents occurring in their environments. It is intended to advance the knowledge
of mechanisms and dynamics of events that result in adverse health outcomes,
either to understand their cause(s) or to prevent them”(23)
“…preventable differences in the burden of disease, injury, violence, or
opportunities to achieve optimal health that are experienced by socially
disadvantaged populations” (4)
“...commonly defined as the skills and abilities needed to gain access to,
understand, and use health-related information…but the [National Action Plan to
Improve Health Literacy] shifts the spotlight from the literacy skills of the public
to the activities of health systems and health care professionals, highlighting the
importance of removing literacy-related barriers to health. It calls on health
professionals and public and private partners to take action to ensure access to
accurate and usable health information and to implement systematic changes to
enhance health literacy” (24)
“…understanding, evaluating, using and engaging with written text to
participate in the society, to achieve one’s goals and to develop one’s
knowledge and potential” (25).
“…the ability to access, use, interpret and communicate mathematical
information and ideas in order to engage in and manage the mathematical
demands of a range of situations in adult life”(26).

Environmental
health literacy
(EHL)

Ethnography
Exposure
assessment or
science
Health disparities

Health literacy

Literacy

Numeracy
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CHAPTER 1
Introduction

1.1 Overview
Exposure to environmental hazards, such as drinking water contaminants, air pollutants,
and food contaminants are ubiquitous in the modern era (27–29). However, due to toxin-specific
properties, or low concentrations, many are imperceptible without detection by scientific
technology (29–31). Often, the scientific approaches and tools necessary for detection require
scientific expertise beyond that of the average person (30). Despite the ubiquity of exposures, the
requisite expertise and equipment for identification and understanding of environmental
contaminants creates an information gap in the awareness of, and ability to address,
environmental exposures (30,31). Reporting back environmental exposure assessment research
results to participants is a potential avenue for addressing this information gap; if done with care
(2,11,18,20,32).
Though disclosure and communication of research data has occurred over the past 15
years, there has been notably increased interest in the realm of data report-back on the part of the
federal government and other funders (10,14,16,33–35). The most recent strategic plan published
by the National Institute of Environmental Health Sciences (NIEHS) (years 2018 through 2023)
places renewed emphasis on the dissemination of environmental health sciences (EHS) data, and
evaluation of its subsequent impact (16). Subsumed within the plan’s second theme, “Promoting
Translation – Data Knowledge to Action”, are the sub-goals of increasing and improving
community engagement, as well as identifying and promoting EHS-informed actions to reduce
harmful environmental exposures (16). Further, the third goal, “Enhancing EHS Through
Stewardship and Support”, explicitly emphasizes the need to develop and implement novel
evaluation strategies to demonstrate the impacts of EHS translation efforts (36). These goals, laid
out in the strategic plan, indicate a drive within the field to improve direct communication of
EHS research findings to impacted populations, and to evaluate and demonstrate the impacts of
2

those communications in promoting action and reducing environmental health disease burdens.
The two arenas of environmental health data report-back and environmental health literacy
(EHL) are both relevant to these goals.

1.2 Environmental Health Data Report-Back
The practice of reporting environmental health research results back to participants is part
of a widespread shift in the ways that an average person may engage with health-related
information. (10). The current data democratization movement has led to the removal of barriers
or bottlenecks that once disrupted access to health-relevant information (6,37). Data or
information that was previously accessed via interactions with, or interpretations made by, an
expert in the relevant domain are now often directly available to the person from whom the data
originated (6,37,38). Within the domain of environmental health, this data democratization has
occurred through return of EHS data to study participants. Direct access to environmental health
information, typically from exposure assessments, provides recipients a characterization of an
environmental hazard that they have encountered. It can also provide an indication of possible
health impacts and behaviors or actions that could reduce exposures to avoid adverse health
outcomes.
Environmental data report-back efforts can vary in the types of data presented, from
biomonitoring data (e.g., concentrations of contaminants in blood or in urine) to broader range
exposure data (e.g., heat exposures) (18,39–41). For biomonitoring studies particularly, there
was early concern that receiving such information about hazards already within the body could
cause undue distress for recipients (42–45). Thus, early evaluations of environmental data reportback efforts focused on the emotional impact to recipients (18,43,44,46). Participants, however,
demonstrated that they were interested in the information and were not overly alarmed by it (42–
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45). Focus then shifted to determine best practices for reporting personal exposure results back to
participants (43).

Best Practices in EHS Report-Back
Early leaders in EHS data report-back at Silent Spring Institute outlined suggestions for
best practices for the growing field in The Handbook for Reporting Results to Participants in
Biomonitoring and Personal Exposure Studies (43). This has been widely regarded as the
standard resource for environmental data report-back development and evaluation (10,45,47–50).
The Handbook both suggested methods for reporting results, and provided a rationale for
evaluation of report-backs (43).
Best practices for creating EHS data report-backs outlined in The Handbook include:
including both graphs and tables, providing examples of individual results, providing overall
study-wide results for context, providing health-based benchmarks or other comparison values to
measured environmental hazards, highlighting key messages, including guidance for behaviors to
reduce exposures, addressing uncertainty, considering varied levels of literacy and numeracy,
considering community context, and pilot testing materials (43). While these suggestions
collectively describe best practices for EHS data report-back, they fail to provide explicit
guidance of how to apply evidence-based tools or methods to ensure that EHS messages are
accessible and suitable for the intended audience beyond pilot testing. Pilot testing can identify
challenges presented by materials for readers and provides a context for rich discussion
regarding the messages. However, pilot testing does not afford formal assessments of literacy or
numeracy demand and may be influenced by the ability of the moderator. Much of the
supporting evidence offered for each suggestion is based on individual qualitative case studies of
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prior report-back efforts (43). As the field progresses, there is ample room for expansion of these
suggestions to include rigorously evaluated approaches for effective EHS data communication.
To ensure accessibility and utility of messages for recipients, it is necessary to identify and
develop methods for EHS communicators to create and deliver environmental messages.

Evaluation in EHS Report-Back
The Handbook identifies evaluation as a critical reflective process to develop best
practices for EHS data report-back: “This is a new field, though, so collecting additional
information about participants’ experiences, including how they perceive and act on their results,
can help improve ethical and effective approaches” (43). The suggested approaches for
evaluation in The Handbook are qualitative interviews with participants after receiving a reportback, or surveys to assess impact after a community meeting. In both approaches, emphasis is
placed on participants’ experience in the process of report-back (i.e., the report and/or the
meeting). Specifically, suggested topics for surveys include, “ask[ing] attendees why they
attended, what they hoped to learn, and what follow-up questions they may have” (43). Again,
evidence offered for these evaluation suggestions are largely based on individual qualitative case
studies of report-back efforts. Little attention has been placed on additional factors, such as
assessment of participant reach or accessibility of materials.
The Handbook explicitly identifies EHS report-back as an emerging field, and suggests
that further development of approaches for message creation and evaluation are critical to
ensuring utility and accessibility for recipients of report-back efforts (43). EHS data report-back
is a meaningful opportunity for data democratization in which report recipients may receive
valuable information relevant to their health. However, this opportunity only exists when the
materials are developed in a manner that is accessible and appropriate for the audience. Findings

5

from the health education and health literacy fields indicate that to be of value, materials must
have a suitable literacy and numeracy demand for the audience, be culturally appropriate, and
engaging (51–56). Environmental communications that demand high literacy or numeracy skills
risk perpetuating data inequities and health disparities by only facilitating data understanding and
motivating action in those with more advanced literacy and numeracy skills (1,3,57). Making
information available does not inherently mean that the information is accessible (58). It is the
responsibility of the EHS professionals to ensure accessibility of their materials, and to do so in a
demonstrable way (58). This necessitates formalization of processes and tools to demonstrate
accessibility of EHS data report-backs, and utility for participants.

1.3 Environmental Health Literacy
As return of environmental data to participants has become increasingly commonplace,
interest in impact on knowledge gain and adoption of health-protective behaviors has grown
(1,10,18,35,39,43,45,48,50,59–61). These two markers of impact have been largely regarded as
indicative of report-back efficacy in evaluations (61). Interest in the impact on lay audiences’
receipt of environmental information has led to the genesis of a new research domain:
environmental health literacy (EHL).
Case studies and evaluations of environmental data report-backs have increasingly
focused on impact to recipients’ EHL (1,10,18,35,39,43,45,48,50,59–61). Outcomes of interest
(behavior change or knowledge) have primarily been characterized via pre/post surveys, followup surveys and/or interviews, or focus groups (61). More exploratory efforts to characterize EHL
still primarily focused on the seeking and interpretation of environmental information,
application of that information to make decisions, and protection for quality of life (1).
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Environmental data reports can vary in terms of tone, literacy and/or numeracy demand,
vocabulary, data presentations, delivery, and cultural appropriateness. Despite interest in data
reports’ impact on EHL, no assessment to date has evaluated the literacy or numeracy demand of
the data reports or environmental messages themselves. If we are to understand the impact of a
message on the audience, we must first assess the message itself. Without evaluating messages to
ensure accessibility for recipients, we risk making available information inaccessible and
unusable for those with limited literacy and numeracy skills (58,62).
The concept and definitions of EHL continue to evolve. Leaders in EHL have proposed,
“a baseline definition that emphasizes the underlying issue: an understanding of the connection
between environmental exposures and human health” (34). However, debate persists regarding
the formal definition and scope of EHL (10,21,34). There is also an acknowledgement that EHL
is situational, and may vary within an individual across different exposures based on their
personal experiences (21,34). The relevance of situated knowledge and receipt of information
leads EHL to span multiple existing domains, including: health literacy, science literacy, health
and risk communication, risk perception, and participatory research, among others (21). As such,
the domain of EHL is interdisciplinary, and will require synthesis of methods and best practices
from a variety of existing research fields.
1.4 Literacy and Numeracy Skills in the United States
Repeated assessments have demonstrated that literacy and numeracy skills in the United
States are limited (8,9,62–64). For The Program for the International Assessment of Adult
Competencies (PIAAC), literacy was defined as, “understanding, evaluating, using and engaging
with written text to participate in the society, to achieve one’s goals and to develop one’s
knowledge and potential” (25). This definition makes explicit the importance of literacy for
participation in everyday activities.
7

The PIAAC surveyed the skills of adults ages 16-65 in 2011-2012 across 40 countries.
The survey assessed both literacy and numeracy skills. Participants were given materials drawn
from everyday life (such as train schedules), and asked to interpret and draw conclusions based
on them (65). Each of the materials and tasks were rated for level of difficulty and complexity.
The proficiency in each domain was a continuum of ability regarding the mastery of tasks
relevant to each domain (literacy, numeracy, etc.). Scores were grouped into 5 literacy categories
based on the types of tasks adults may complete proficiently at each level (65). Only 13% of
adults in the United States demonstrated the highest possible proficiency (4 or 5 out of 5) on the
literacy scale (66,67). Twenty one percent of Americans (1 in 5) demonstrated difficulty
completing tasks requiring comparing information, paraphrasing, or making basic inferences
(65,68). That equates to 43 million Americans with low literacy skills (65,68).
The PIAAC also assessed numeracy scores of adults. They define numeracy as, “the
ability to access, use, interpret and communicate mathematical information and ideas in order to
engage in and manage the mathematical demands of a range of situations in adult life” (26). As
with the literacy assessment, scores were grouped into 5 numeracy categories based on the tasks
necessary to complete each level successfully (26). Seventy percent of adults in the United
States had sufficient numeracy skills (level 2 or above out of 5) to make calculations with whole
numbers, to estimate numbers, and interpret simple statistics (26). Thirty percent of Americans
(1 in 3) had low numeracy skills, demonstrating difficulty making calculations with whole
numbers, estimating quantities, and interpreting simple statistics (26). Thus, 62.7 million
American adults had low numeracy skills (26).
Environmental data reports include data and/or interpretations of those data. Therefore,
they necessarily include numerical and written components. Sensitivity to varied literacy and
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numeracy skills is paramount to providing equitably accessible information for recipients.
Inequities in accessibility of reports can lead to inequities in the ability to use the information.
1.5 Research Framework
The objective of this dissertation is to expand considerations for development and
evaluation of EHS messages. Specifically, we aim to contribute to the growing literature on
several fronts. First, we explore additional report-back evaluation approaches that contribute
further insights regarding participants’ experience in a data report-back. Next, we examine lay
understanding of an environmental exposure and barriers to engaging in health-protective
behaviors. Finally, by combining evidence-based tools with formative research, we offer a
process for development of accessible EHS reports.
We focus on the household exposures of two indoor air pollutants relevant to the HomeBased Monitoring and Exposure (HOME) Study, nitrogen dioxide (NO 2 ) and particulate matter
(PM 2.5 ). Through this specific exposure scenario, we explore factors influencing existing
perceptions of indoor air quality (IAQ), as well as contextual factors that influence participants’
intention to control or impact their IAQ. This body of work in totality provides insight as to the
importance of considering contextual factors in communication of environmental exposure data,
and the utility of evidence-based health literacy tools to create accessible EHS messages. Each of
these efforts is focused within the context of an indoor air monitoring study in two
neighborhoods of Boston, Massachusetts. The first paper builds upon suggested evaluation
metrics by introducing assessments of reach, understandability, and actionability of a data reportback effort. The second investigates existing perceptions of IAQ via exploratory grounded
theory. Finally, the third provides guidance for combining formative research with participants
with health literacy tools to generate data reports that are demonstrably accessible.
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In Chapter 2, we engaged in a mixed-methods evaluation of a data report-back effort to
determine whether there were inequities in engagement, whether the materials were generally
understood by recipients, and whether recipients intended to apply health-protective behaviors
after the report-back. These new evaluation domains expand beyond the suggested domain of
participant valuation of the process (also included in the evaluation).
In Chapter 3, we conducted an exploratory qualitative study to characterize the ways in
which participants of the HOME Study consider their home’s indoor air quality. Using
interpretivist grounded theory, we identify common contextual factors relevant to sensemaking
of indoor air quality environmental health literacy. This inductive approach allowed for the
characterization of EHL via participants’ own perspectives and vernacular.
In Chapter 4, we combined formative research via semi-structured interviews with
evidence-based health literacy tools to create an accessible environmental health data report for
study participants. We applied tools and concepts from health communication theory and the
domain of health literacy to produce a demonstrably accessible written material. This is a novel
application of a series of health literacy tools to produce an environmental health data reportback.
Each of these three studies addresses a gap in the EHL literature. Chapter 2 explores new
parameters for evaluation of EHS data report-back beyond participant’s assessment of the
information’s relevance and value to their life. We found that there were significant demographic
differences between participants who engaged in the report-back compared to those who did not,
and that additional methods for evaluating understandability of communication are necessary.
Chapter 3 relies on grounded theory to understand the existing EHL of a participant population.
Specifically, we explore how participants consider issues of IAQ, and what contextual factors
10

impact the ways they consider and act regarding their IAQ. This approach reveals contextual
factors not yet considered in the formal definitions of EHL. We identify hypotheses regarding
barriers within the existing conceptualizations of EHL to be tested in the future. Finally, Chapter
4 combines formative qualitative research with best practice guidelines for accessible written
materials from evidence-driven health literacy tools to produce accessible audience-informed
EHS data report-back materials.
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CHAPTER 2
Expanding Report-Back Evaluations:
A Mixed Methods Evaluation of Sharing Air Pollution Results with Study Participants via
Report-Back Communication
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Abstract and Highlights
Abstract: We implemented a concurrent triangulation mixed-methods evaluation of an air
pollution data report-back to study participants in Chelsea, Massachusetts. We aimed to
determine whether the report-back was effective in the following three ways: engagement,
understandability, and actionability for the participants. We also evaluated participants’ valuation
of the report-back information and process. The evaluation involved both qualitative
components, such as ethnographic observation, and quantitative components, such as closedended questionnaires and demographic data. The participants who engaged in the report-back
process were significantly different from those who did not engage both in terms of their
demographics, and in their indoor air pollutant concentrations. Participant understanding
generally corresponded with the intended meaning of the research team, suggesting successful
data communication. Additionally, many of the participants reported that they were inspired to
take action in order to reduce their indoor air pollutant exposure as a result of the report-back
process and information provided. These results identify areas of improvement for engagement,
particularly regarding populations that may have higher exposures. This work outlines a
framework with which to contextualize and evaluate the success of engagement with report-back
efforts. Such evaluations can allow research teams to assess whether they are providing
information that is equitably useful and actionable for all participants.
Highlights
•

There were significant differences between those who engaged in the data report-back
process and those who did not in terms of their race, ethnicity, age, language preference,
and educational attainment.
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•

Study design did not allow for clarity regarding efficacy of communication with
participants for understandability.

•

Those who engaged in the report-back processes indicated that they overall valued
learning about the pollutants in their home.

•

Participants were largely able to identify actions that would reduce their indoor air
pollutants and relied on the in-person meeting to gain clarity on the appropriateness of
their planned actions.
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2.1 Introduction
Data report-back to participants in environmental health studies is increasingly being
incorporated into exposure assessment research (2,11,18,20,69). The field of environmental
health is progressively emphasizing the importance of returning research results to participants
(2,11,18,20,69). Report-back efforts can vary in the types of data presented from individual
biomonitoring data (e.g., blood and urine concentrations of chemicals) to broader range exposure
data (e.g. pollutants in household dust) (18,39–41). The impetus for providing these data to
participants is both based in ethical data ownership considerations, as well as practical utility of
the data to prompt individual and/or collective action (69). However, few established tools or
methodologies exist to evaluate the effectiveness of data report-back efforts. Work to date has
been evaluated primarily through qualitative interviews with research participants who received
data back (1,18,70,71). Although qualitative data alone provides insight into the potential impact
of data report-back, triangulating qualitative data with quantitative data can bolster the validity of
findings by combining the strengths of each approach (72).
The development of a framework identifying markers of ‘success’ in a report-back effort
provides a guide for researchers to evaluate the accessibility and efficacy of their communication
materials. Doing so can identify components that may need improvement, and subsequently
allow the research team to ensure equitable accessibility to environmental health information.
Evaluation is necessary for the development of best practices for report-back of data to
participants. Rigorous evaluation of data report-back efforts can provide insight as to
components of the process that were effective, as well as those that may benefit from
improvement in the future. Identifying what styles of communication were successful, and who
engaged in the data report back effort is a first step to reducing environmental exposures and
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health disparities. Although provision of information is not necessarily sufficient for behavioral
change or action, it can empower participants to identify potential pollutants within and outside
their homes and strategies to mitigate them.
The Handbook for Reporting Results in Biomonitoring and Personal Exposure Studies
suggests that evaluation of report-back efforts is a new field, and that characterizing participant
interpretations and perceptions of the results is crucial to improving the accessibility and utility
of report-back approaches (43). The Handbook suggests that community meetings may
appropriately be evaluated via surveys or questionnaires and describes an approach that includes
evaluating participant experiences and perceptions (43). We build upon that approach by
attempting to capture participant experience and perceptions via qualitative components of our
own evaluation framework. Additionally, we identify markers of report-back utility via
information gained by participants and identify indicators of their motivation to act by pre- and
post-community meeting questionnaires. As interest in report-back to participant grows in the
field of environmental health, it is important to characterize the efficacy of information provided
to improve participant understanding of the data presented. This work is an attempt to
characterize our ability to improve participant understanding of their personal data, and their
subsequent motivation to reduce their own personal indoor air pollutant exposures.
This evaluation effort assessed the data-report back effort for 72 participants in the
Home-based Observation and Monitoring Exposure (HOME) Study in Chelsea, Massachusetts.
Outdoor and in-home air quality data were collected across Chelsea, and individual and
community results were reported back to participants. Results were communicated via reportback packets individually tailored and mailed to each home, and an in-person community
meeting (60).
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Evaluation Framework: The data report-back evaluation implemented a concurrent
triangulation mixed methods approach in which both qualitative and quantitative information
were gathered simultaneously (73). The overall goals were to characterize the engagement,
valuation, comprehension, and motivation of participants to act with respect to the data reportback information. Each of these components was considered an important characteristic of a
successful data report-back campaign by the research team. Engagement in the report-back
process was theorized as a necessary step for comprehension of the material. Comprehension of
the report-back materials was considered important for motivation to action. Valuing the reportback process, broadly, was regarded as a characteristic with the potential to influence
participants’ engagement, comprehension, and motivation to act. These proposed pillars of the
report-back are outlined in Figure 2.1.

Figure 2.1: Logic model of effective report-back components
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2.2 Materials and Methods
Process: The HOME Study, a project within the Center for Research on Environmental and
Social Stressors in Housing across the Life Course (CRESSH), measured outdoor PM 2.5
(particulate matter particles smaller than or at 2.5 micrometers) and nitrogen dioxide (NO 2 ) both
inside and outside participants’ home in the City of Chelsea. HOME study participants hosted an
Environmental Multi-pollutant Monitoring Assembly (EMMA) device in their homes for two
weeks, one during a cold season and one during a warm season, that recorded in-home
concentrations of PM 2.5 and NO 2 , among other variables (74). Upon completion of field data
collection, pollutant data were synthesized into 24-hour averages for each week of monitoring
for each participant for both their PM 2.5 and NO 2 concentrations. The research team included
Harvard and Boston University Schools of Public Health faculty, students, and staff, and
members of GreenRoots staff (a Chelsea-based environmental justice organization). Data reportback packets were mailed to each participating household (60).
The evaluation was comprised of multiple components: a questionnaire mailed with the
report-back packets, a sign-in table & qualitative note taking at the in-person community
meeting, a post-meeting questionnaire, and an optional voicemail line for feedback. The reportback packet contained information presented in both graphical and prose form on: Methods of
measurement of PM 2.5 and NO 2 in their home; their individual home 24-hour averaged data for
both pollutants; HOME Study participant averages for each pollutant; outdoor averages
measured in the City over the same time periods; averages from two other published indoor air
studies; published air quality guidelines; suggested approaches to reduce the concentrations in
their homes; and background information on regulations of outdoor air pollution versus
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guidelines for indoor air pollutants. Results were also compared to other urban indoor air quality
studies due to the lack of indoor air quality regulations.
A brief one-page questionnaire was also included in the mailing, which participants were
asked to complete and either bring with them to the in-person data report-back meeting, or mail
back to the research team via an included post-marked envelope. Participants were invited to
attend the in-person data report-back meeting at the GreenRoots facility, which was organized by
the research team which included GreenRoots leadership. The meeting was held on a weekday
evening, and both child-care and dinner were provided for all attendees. To encourage
attendance, all Respondents were entered into a raffle for a $25 gift card to a local grocery store.
All materials in the data report-back, the evaluation, and the meeting were translated into
Spanish for the 26 participants (36% of participants) who were Spanish speakers. We obtained
approval for this evaluation from Harvard T.H. Chan School of Public Health’s Institutional
Review Board after an expedited review.
As participants entered the report-back meeting, they were asked to sign in with a
research team member and to return their completed mailed questionnaire about their personal
results. Each questionnaire had a unique participant identification number, enabling us to link
their report-back responses to their survey data and environmental measurements. During the
meeting, the research team presented a summary of the study goals, the methods used to monitor
the indoor air pollutants, and the information provided within their data report-back packets
describing key pollutants and their sources within the home and in the community. Time was
provided for participants to look through their personal report-back packets, to discuss with each
other and to ask the research team questions. At the end of the meeting, participants were given a
second one-page questionnaire that included four questions repeated from the first questionnaire
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and additional questions about their understanding of the data. Participants were asked to
complete and return the questionnaires to the research team before leaving, and they were also
coded with each participant ID.
Before the in-person meeting, four members of the research team were trained to take
notes on the engagement and participation of the meeting attendees by using ethnographic field
notes methods (75,76). These notes were collected and compiled in the week after the meeting.
Additionally, at the end of the meeting, the research team provided participants with a phone
number where they could leave an optional anonymous voice message with any additional
feedback that they thought of after leaving the meeting or did not want to share in writing or at
the meeting.
The framework for participant comprehension follows that outlined for document literacy
by Murray et al in the Technical Report on the First International Adult Literacy Survey (8). This
includes assessment of, “the knowledge and skills required to locate and use information
contained in various formats, including … table, and graphics” (8). We considered several facets
of document comprehension including locating, integrating, and generating information based on
the content provided in the data report-back (8). These three skills were considered to be
successive levels of increasing comprehension of the information contained within the reportback packet. ‘Locating’ tasks are those that, “require the reader to find information in the text
based on conditions or features specified in the question or directive” (8). ‘Integrating’ tasks
require the participant to, “compare or contrast two or more pieces of information”, and
‘generating’ tasks require participants to, “produce a …response by processing information from
the [document] and by either making text-based inferences or drawing on their own background
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knowledge” (8). All three tasks were evaluated via questions in both the mailed and post-meeting
surveys.
Questionnaire Development: Questionnaires were developed based on the goals of: (1)
characterizing participants’ valuation of the report-back process, (2) their understanding of the
information within the report-back, and (3) their plans to take actions to reduce the air pollutants
in their homes. Completion of at least one of the questionnaires was also considered an
indication of engagement in the report-back process. Questions on the mailed questionnaire
about valuation asked participants about whether they felt as though they understood how PM 2.5
and NO 2 can be harmful to health, whether they were generally concerned about air pollution in
Chelsea, and whether they understood how to reduce air pollutants in their home.
Participants were asked to identify and interpret their personal data within their reportback packet via 4 questions. These 4 questions were constructed based on the three levels of
document literacy – locating, integrating, and generating - outlined above (8,77). Within this
framework, the ability to integrate information in the document required additional
comprehension beyond locating information, and generating information required the highest
level of document comprehension, incorporating the prerequisite skills of locating and
integrating information. A visual of the 4 data comprehension questions is displayed in Figure
2.2.
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Figure 2.2: Visual of the Data Comprehension Questions Asked of Participants

‘Locating’ was evaluated by asking participants to find a specific piece of information
contained within their packet: how their indoor concentrations of NO 2 during the cold season
related to concentrations measured in Chelsea. ‘Integrating’ was evaluated via a question asking
participants to compare their average warm season PM 2.5 concentrations to the outdoor
concentrations measured relying on a graphical component (shown in Figure 2.3) of the reportback packet, and a second question asking participants to count how many days their cold season
PM 2.5 concentrations were above the EPA annual outdoor standard also relying on a graphical
component. Finally, participants were asked to ‘generate’ information by identifying a data
pattern within the packet and noting whether they expected their NO 2 concentrations to be higher
in the summer or winter of the following year. All above question response options were Likertstyle scales (78).
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Figure 2.3: Example of graphical component from report-back packets

The final question on the questionnaire was open-response style and asked participants to
describe actions (if any) they planned to take to reduce concentrations of PM 2.5 and NO 2 in their
homes.
The questionnaire completed by participants at the end of the report-back meeting
included the same four data comprehension questions, as well as questions about whether
participants felt as though they understand how PM 2.5 and NO 2 may harm their health, whether
they are generally concerned with air pollution in Chelsea, and whether they understand how to
reduce the pollutants in their homes. These additional questions were all 5 point Likert-style
scales indicating level of agreement (78).
Engagement Analysis: Participants were categorized as either Respondent or Non-Respondent.
Anyone who returned at least one of the questionnaires, or attended the meeting, was considered
a Respondent participant and categorized in our analysis as engaging with the report-back
information. Tests of significance for demographic differences between the Respondent and
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Non-Respondent participants were t-test or Chi-square test of independence for continuous and
categorical variables, respectively (79). Respondent and Non-Respondent participants were also
compared for their measured indoor air concentrations of PM 2.5 and NO 2 for both the warm
season and cold season to determine whether those who were engaging in the data report-back
process were exposed to higher or lower concentrations of the measured air pollutants. We tested
the difference in 24-hour averaged concentrations between the two groups using a Z-test (80).
During the meeting, there were two activities to evaluate engagement. First, participants
were asked to sign in so we could track who attended (and were therefore Respondent). Second,
the research team members previously trained to take ethnographic field notes recorded verbal
and physical indications of engagement by the participants throughout the meeting (81). These
included participants’ actions throughout the meeting including visual signs of attention towards
the presentation, body language, and performing actions suggested by the presenters (such as
reviewing a specific page in their report-back packet) (82). In an acknowledgement of the role of
culture on non-verbal behavior (83), the notes on engagement were informed by insider or emic
knowledge of the community held by one of the presenters from Chelsea. Her knowledge both
informed the research team of the preferred style of communication for many members of this
community and confirmed the accuracy of observations recorded by the data collectors as signs
of engagement.
Comprehension Analysis: For each of the three levels of comprehension, we sought to evaluate
whether the participants’ interpretation of their data matched that of the research team.
Underpinning this approach was the assumption that if the research team communicated the data
effectively, participants would interpret the data similarly to the team. Three members of the
research team with substantial training and experience in environmental health were separately
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provided blank versions of the same questionnaires completed by participants. They read through
each data report-back packet (n=72) and provided responses to the four data comprehension
questions as though each household’s data were their own. For each of the four questions
regarding data comprehension, consistency in response by the research team members was
calculated via an intraclass correlation coefficient (ICC). The ICC measured absolute agreement
of the team (rather than consistency) and used a 2-way random effects model because all of the
interpretations were provided by the same three raters (84). The null hypothesis tested via this
ICC was that there was no agreement in interpretation among the three raters. Questions with
ICC values below 0.5 were considered to be poor and removed from further analysis due to
heterogeneity of response by the research team (84).
The ‘locating’ question had six response options: whether their personal concentrations
were ‘much higher than’, ‘higher than’, ‘about the same as’, ‘lower than’, or ‘much lower than’
all measured indoor concentrations in Chelsea, or the option of ‘not sure’. The scale was
collapsed from five levels of comparison to three: lower than, higher than, or about the same as
(or not sure). This was done for both mailed and post-meeting questionnaires. Two 3 by 3 tables
were created for the mailed and post-meeting surveys. The tables depict whether each response
indicated that they believed their cold season NO 2 concentrations were ‘higher than’, ‘the same
as’, or ‘lower than’ those reported for Chelsea overall.
The ‘integration’ question had ten response options: The numbers 0 through 8 as a count
of the number of days their home’s particulate matter concentration exceeded the annual
standard, and the option of ‘not sure’. For each participant, the difference between their response
and each research member’s response was calculated. This was done for both the mailed
questionnaire and the meeting questionnaire. This created two datasets representing the
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differences in responses between participants and the research team members for both premeeting and post-meeting responses. The average difference in responses was calculated for the
pre-meeting and post-meeting questionnaires, and compared via the Wilcoxon signed-rank test to
determine whether the average difference in differences between the two questionnaires was zero
(85).
The ‘generation’ question had three response options of ‘summer’, ‘winter’, or ‘not sure’.
A binary variable was generated to indicate whether the participant’s response matched each of
the reviewers’ responses. McNemar’s test was used to compare the agreement in response of the
two seasons by the research team and the participants before and after the meeting (86). A
separate count of ‘not sure’ responses was tallied.
Motivation to Action: We evaluated participant motivation to action to determine whether
Respondent participants were inspired to incorporate and apply some information from the report
back to their personal lives. This was evaluated in two ways: by the number of participants selfreporting plans to take action (on questionnaires and at the meeting through comments and
affirmative responses), and by the relevance of the proposed actions to reducing indoor air
pollutant concentrations.
On both the mailed and meeting questionnaires, the final question was an open-ended
response style question in which participants were asked to list what actions, if any, they planned
to take after either receiving the data report-back packet and/or attending the report-back
meeting. The number of participants listing actions was counted for both questionnaires, and all
responses compiled. At the end of the in-person meeting participants were verbally asked
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whether they were motivated to “change anything” after attending the meeting. Participants’
responses were recorded by the research team note-takers.
Valuation Analysis: The mailed and in-meeting questionnaires contained questions about
participants’ perception of the value of the report-back process and the information presented
within. Some of these questions varied slightly between the mailed questionnaire and the
meeting questionnaire. All of the valuation questions had five Likert-style scale answer options,
indicating degree of agreement from ‘strongly disagree’ to ‘strongly agree’ (78). The percent of
participants answering for the different Likert scale options were calculated for each of these
questions. Additionally, the presenters facilitated an end of meeting discussion at the conclusion
of the in-person report-back meeting. Participants were asked questions about their agreement
with statements regarding their experience during the report-back meeting, and to indicate their
agreement via hand-raising. Research team note-takers recorded the number of hands raised for
each question.
Qualitative Analysis: Line by line analysis was done on field notes from the meeting note-takers
using open coding and grounded theory methodology (81). Notes were organized and
summarized by meeting section. No distinction was made between research participants and any
family members that they brought to the meeting for this analysis. Components from the meeting
that worked well or poorly were also identified and summarized. One participant used the
voicemail to leave feedback regarding the usefulness of the report-back meeting.
All statistical analyses were performed in R software, version 1.1456. Completed
questionnaires were linked to individual participants’ demographic data as well as their baseline
assessment responses and their measured indoor air pollutant concentrations.
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2.3 Results
2.3.1. Engagement: Of the 72 HOME Study participants in Chelsea, one was lost to follow-up.
Report-back materials were prepared for 71 participants. Of these, 31 were categorized as
‘Respondent’ (having engaged in at least one component of the report-back process). Of those,
28 returned the first mailed questionnaires (3 in Spanish) via mail or in-person at the meeting, 16
attended the in-person meeting, and 14 returned the meeting questionnaire.
Table 2.1 summarizes the demographic information of participants who engaged and did
not engage in the data report back process. ‘Respondent’ participants were significantly different
from those who were ‘Non-Respondent’ in terms of their age, race, ethnicity, highest degree of
completed education, and language preference. No significant difference was found for annual
household income.
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Table 2.1: Demographics of Respondents and Non-respondents to Report Back Process

Non-Respondent

Respondent

n = 41

n = 31

Educational Attainment
Less than high school diploma or
GED
High school diploma or GED
Some college but no degree
Associate degree
Bachelor's degree
Post graduate degree (masters or
doctoral)
Hispanic or Latin-x
No, not Hispanic
Race
American Indian or Alaska Native,
Black or African American, Native
Hawaiian or Other Pacific
Islander, Other
Asian
Black or African American
White
Other
Participant Language Preference: Spanish
Spanish
Annual Household Income
Less than $10,000
$10,000 - $24,999
$25,000-$49,999
$50,000-$99,999
$100,000+
Refused to answer
Don't know
Average Age of Participant
Mean (SD)

P-value

<0.001
15 (36.6)
8 (19.5)
5 (12.2)
7 (17.1)
5 (12.2)

3 (9.7)
3 (9.7)
5 (16.1)
1 (3.2)
8 (25.8)

1 (2.4)

11 (35.5)

12 (29.3)

25 (80.6)

0 (0.0)
1 (2.4)
1 (2.4)
9 (22.0)
30 (73.2)

1 (3.2)
1 (3.2)
3 (9.7)
21 (67.7)
5 (16.1)

19 (46.3)

3 (9.7)

11 (26.8)
11 (26.8)
4 (9.8)
7 (17.1)
3 (7.3)
4 (9.8)
1 (2.4)

4 (12.9)
3 (9.7)
6 (19.4)
9 (29.0)
7 (22.6)
1 (3.2)
1 (3.2)

<0.001
<0.001

0.002
0.098

0.007
47.63 (14.51)
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57.34 (14.41)

‘Respondents’ also had significantly higher measured 24-hour average indoor
concentrations of NO 2 in the summer (but not winter), and PM 2.5 in the winter (but not summer).
The concentrations are displayed in Table 2.2.
Table 2.2: Average weekly PM 2.5 and NO 2 concentrations by season for Respondents and NonRespondents

PM 2.5 (ug/m3)
Summer
Winter

Summer
Winter

Respondents
Non-Respondents
4.6
5.7
3.4
5.9
NO 2 (ppb)
Respondents
Non-Respondents
10.5
20.8
30.9
28.2

P-value
0.1683
<0.001
P-value
<0.001
0.3392

Among the participants who attended the in-person report-back meeting, there were
varying levels of engagement with the presentation and the interactive time. The following
behaviors were documented by the research team note-takers as indications of engagement
during the meeting: looking at the screen and/or watching the presenter, staying with the
presenter as she presented each section of the report-back packet, complying with and following
presenter instructions, responding to questions both verbally and non-verbally, commenting
when asked, asking questions at different times in the presentation, asking ‘relevant’ questions,
facial expressions reacting to the content being presented, nodding of heads during the
presentation, lack of side conversations, referring to and/or looking through the report-back
packets during the presentation, and taking pictures of presenter slides.
2.3.2. Understandability: Of the 71 report-backs, there were some participants for whom there
was only one season of data (either warm or cold season missing). As a result, questions
referring to season-specific data in the report-back evaluation questionnaires were unanswerable
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for some participants. A detailed breakdown of the numbers of participants responding to each
question, and their responses, is provided Table 2.1S.
Three of the four data interpretation questions had acceptable agreement in response
among research team members via ICC, as shown in Table 2.2S. The second ‘locating’ question
had an ICC below the cut off of 0.5, indicating poor agreement among the research team in their
interpretation of the participants’ data or the question itself. This question was removed from
further analysis. The three remaining questions had acceptable agreement in response by the
research team members, indicating well-formulated questions.
Detailed accounts of responses to the remaining ‘locating’ questions are provided in
Table 2.5S indicating whether participants and reviewers interpreted the data for each report
back’s concentrations as ‘higher than’, ‘the same as’, or ‘lower than’ all measured indoor
concentrations in Chelsea. There was 58.3% agreement among participants and research team
members in the pre-meeting survey, and 66.7% agreement in the post-meeting survey. Five
participants indicated that they were unsure of the answer in the mailed survey, while none
indicated that they were unsure on the post-meeting survey.
On the mailed questionnaire, 25 participants provided responses to the ‘integrating’
question, with 7 indicating that they were unsure of the correct answer. The question asked
participants to fill in the number of days their data were above the annual standard. Of 17
responses compared with the research team responses, the average difference in the number of
days was three. On the post-meeting questionnaire, 13 participants answered the same question,
with none indicating that they were unsure of how to answer. However, one participant skipped
the question. The average difference in the number of days participants vs. research team

31

members perceived each participant’s cold season week to be above the annual standard was
zero days after the meeting. The Wilcoxon signed rank test indicated that this shift from three
days difference to zero days difference in response was statistically significant with a p-value of
< 0.001.
In the mailed questionnaire, 26 participants answered the ‘generating’ question, with 10
indicating that they were unsure of the correct responses. This left sixteen participant responses
to compare with the research team members. Detailed information regarding the comparisons
between participant and research team members’ responses is provided in Table 2.4S. On the
mailed questionnaire, 73.3% of the comparisons were matches, and on the post-meeting
questionnaire, 75% were matches. Matches between the participant and the research team
member indicate that the participant was able to correctly identify the pattern regarding the
season in which their personal indoor NO 2 concentrations would be higher on average in the
future. This was indicative of the participants comprehending data to such a degree that they
were able to not only identify information, but do project a pattern from that data into the future.
Both before and after the data report-back meeting, there were more matches between
participants and research team members than no-matches.
2.3.3. Actionability: Thirteen participants indicated that they planned to take action before the
report-back meeting. Five participants indicated that they planned to take action after attending
the report-back meeting. Additionally, several participants verbally indicated that they planned to
take action during the end of meeting discussion. Participants referred to changes they would
make to the products they use in their homes (such as scented candles, bath soap, and
detergents), or that they would increase ventilation of their home. This was also noted by one of
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the meeting presenters who commented that the participants were interpretting information
gleaned from the meeting and applying it to their personal care and home products.
2.3.4. Valuation: When asked if they valued learning about how PM 2.5 and NO 2 can affect their
health in the mailed questionnaire, 1 participant strongly disagreed, 8 participants indicated they
agreed, 18 participants strongly agreed and 1 participant was neutral among Respondents. When
asked if they valued learning about the presence of the pollutants specifically in their home can
affect their health, 1 participant strongly disagreed, 10 participants agreed, and 17 participants
strongly agreed. In response to their belief in their personal understanding of how to reduce
pollutants in their home before attending the meeting, 4 participants indicated that they were
unsure, 1 participant strongly disagreed, 2 participants disagreed, 10 participnats agreed, and 6
participants strongly agreed. After the meeting, 9 participants felt neutral, 10 participants agreed,
and 5 participants strongly agreed. During the end of meeting discussion, when asked whether
attendees learned something new during the in-person meeting, 10 people raised their hand in
agreement.
2.4 Discussion
This work builds upon prior evaluations of data report-back efforts by incorporating
quantitative elements into a framework of formal report-back evaluation. This component
provides the ability to compare the participants’ interpretation of their personal report-backs to
the interpretation of the research team. Doing so allows a means of determining the efficacy of
the data communication efforts in terms of whether the messages that the research team
identified from the data were those that were received by participants.
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2.4.1. Engagement: The demographic comparisons of Respondent and Non-Respondent
participants indicate that there were significant differences between those who engaged in the
data report-back process and those who did not in terms of their race, ethnicity, age, language
preference, and educational attainment. Specifically, Respondents were generally older, tended
to prefer English, had higher levels of educational attainment, did not identify as Hispanic or
Latin-x, and were white. They also tended to have lower measured pollutant concentrations in
their homes. Although efforts were made to ensure that the meeting was accessible for all
participants, through multiple pre-meeting communications and the provision of food and
childcare on site, there may still have been barriers to participation. This is necessary to ensure
that we are providing data in a way that is understood by vulnerable populations. Future efforts
should include approaches to identify and address barriers to engagement to ensure that
vulnerable populations (e.g., those with higher measured concentrations) are reached.
2.4.2.Understandability: The inconsistency in interpretation of one of the questions indicated a
poorly worded question. Our pilot of the questionnaire was not sensitive enough to determine the
clarity of individual questions and rather indicated overall the questions were clear. There was
overall a reduction in participants’ responding that they were unsure after attending the meeting
– which could indicate information gain over the course of the meeting. It could alternatively
indicate that participants who experienced less difficulty with the materials are those who
answered the post-meeting evaluation. Additionally, there was a small sample size, and smaller
overlap between the two groups who answered both questionnaires. The reasoning behind the
increase in answers matching the responses of the research team is also unclear because of these
reasons. However, the general increase in matches indicate that there was some information
gained by participants over the course of the meeting. This was further substantiated by
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comments made by participants over the course of the meeting in which they identified specific
exposure reduction actions that they could take in their own homes.
2.4.3. Valuation: Overall, the Respondents indicated that they agreed or strongly agreed that they
valued learning about the pollutants in their home, and how they may impact their health. It
would have been valuable to collect information from the participants who did not engage in the
data report-back process to determine whether lower perceived value of the report-back process
prevented them from engaging. A potential approach to determining the valuation of data reportback of all participants would be to collect that information at the time of baseline data collection
at the beginning of the study so as to provide responses for all at the start.
2.4.4. Actionabiltiy: Overall, the actions that participants reported that they planned to take were
relevant to the information communicated through the report-back process. Additionally, the
questions asked during the meeting indicated that participants were seeking clarifying
information to guide their approaches to reduce exposures within their own homes. This
evaluation was limited to characterizing participants’ intention to reduce exposures. It would be
useful in future report-back evaluation efforts to include a follow-up component to assess
whether participants later took action.
2.5 Conclusions
To our knowledge, this is the first mixed-methods evaluation of an exposure assessment
report-back process. The combination of qualitative and quantitative information allowed for
cross-validation of findings. The qualitative information collected during the in-person meeting
was particularly useful in verifying the indication from the surveys that Respondents were
generally interpreting their data correctly. These qualitative data were particularly useful in
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supplementing the results of the quantitative questionnaire data, that in some cases were not
sufficient to clearly indicate participant information gain due to limited pre- and post- paired
responses.
However, there were substantial demographic differences between those who engaged in
the report-back process as compared to those who did not – indicating room for improvement in
future report-back efforts. Respondents were not representative of the sample population or the
overall demographics of Chelsea, as indicated by the lack of Spanish-speaking participants at the
meeting, and under representation of non-white and Hispanic or Latin-x populations. This
difference of representativeness may represent bias in the outreach and materials that prevented
all participants from engaging equally. Further, those who did not engage had significantly
higher indoor air pollutants than those who did engage. Increasing outreach to participants with
higher concentrations can be a useful first step in addressing indoor air quality disparities by
ensuring that vulnerable populations are included.
Findings from this process evaluation provide additional insights for improvements in
future efforts. Specifically, carefully designed pilot-testing evaluation materials with members of
the intended audience can provide awareness of weaknesses in the materials, and appropriateness
of outreach and evaluation components.
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CHAPTER 3
Exploring Context and Understanding of Research Participants:
Characterizing the Environmental Health Literacy and Sensemaking of Indoor Air Quality
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Abstract and Highlights
Abstract
Through formative qualitative research with participants in an indoor air quality study, we
developed a framework for the ways in which participants consider and act regarding their
indoor air quality. Participants (n=20) were members of an indoor air quality monitoring study in
Dorchester, Massachusetts. Our findings suggest that family health concerns and sensory
awareness of indoor air contaminants were primary stimuli for participants to spend time making
sense of indoor air quality, and that certain intervening conditions (such as perceived agency,
risk perception, and accessibility of environmental health information) influenced participants’
ability to or interest in taking action to address their home’s indoor air quality. This ultimately
led to a variety of consequences in terms of their personal agency over their home environment
and health, and their perception of having access to the actions or resources that can reduce
indoor air pollution. These findings present challenges to existing conceptualizations of
environmental health literacy on two fronts: 1) that environmental health literacy is an attribute
of an individual/community, rather than an interaction between environmental communicators
and information seekers; and 2) that the direct connection between knowledge and enacting
solutions is a reasonable metric for evaluating environmental health literacy. The
characterization of sensemaking of indoor air quality provides valuable insight for tailoring
environmental health communications and suggests areas for future investigation.
Keywords: Environmental health literacy, indoor air quality, sensemaking, environmental health
communication
Highlights
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1. Findings present challenges to the existing conceptualizations of environmental health
literacy on two fronts:
a. That environmental health literacy is an attribute of an individual/community
(34), rather than an interaction between environmental communicators, and
information seekers; and

b. That the direct connection between knowledge and enacting solutions is an
appropriate metric for evaluating environmental health literacy (34,61).
2. This effort generates hypotheses to be evaluated in future work. Specifically:
a. Contextual barriers disrupt the proposed linear continuum between environmental
(IAQ) knowledge and action.
i. Barriers to resources prevent participants from acting on IAQ information.
ii. Cost barriers prevent participants from acting on IAQ information.
b. Environmental communications with high demand reduce readers’
intention/impetus to act on them.
i. Environmental health materials with high demand lead to inaction.
ii. Environmental health materials with high demand lead participants to
have low perceived self-efficacy to take action.
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3.1 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 (34). As a
result, there is growing interest in identifying the best means of providing environmental health
information to lay audiences and resultant impacts on knowledge gain and behavior adoption
(1,42,61). Interest in this area has led to the genesis of a new research domain: environmental
health literacy (EHL) (21,61). 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” (34). A great deal of the focus has been on content knowledge
(typically via pre-post assessments), adopting exposure-reduction behaviors, or on creating tools
to evaluate baseline levels of EHL (12,61,87–95).
Efforts to characterize EHL have generally assessed the impact to individuals or
communities who have received environmental health information (1,42,61). However, there has
been little research regarding the way in which non-experts attend, interpret, and comprehend
environmental exposure information (21):
In this age of expertise, the question of knowledge and competence cuts across the entire
spectrum of political and governmental issues. For this reason, policy questions today
present the complicated task of not only coming to grips with expert analyses of
sophisticated technical issues but also understanding how different citizens arrive at their
own judgements about such issues, including their understanding of the experts
themselves (30).
The communication of scientific information must be done in a way that acknowledges a range
of scientific abilities, contexts, and influences on the message recipients’ ultimate interpretation.
When considering the way in which non-experts interpret and respond to environmental
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messages, there are myriad factors that can influence their response, including the
communicators, the message itself, and the context within which they receive the message.
It has been well demonstrated that effective public health programs and interventions are
rooted in, “understanding of health behaviors and the context in which they occur” (96).
Characterizing contextual factors that influence understanding of environmental hazards and
engagement in health-protective behaviors can contribute to more effective and accessible
environmental 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 work relies on formative research to characterize the existing indoor air quality EHL
of an urban cohort. Specifically, we explore how participants consider issues of indoor air quality
in their home, and what contextual factors impact the ways in which they consider and act
regarding their indoor air quality. Grounded theory affords the opportunity to explore relevant
factors and their relationship to indoor air quality awareness, knowledge, risk perception, and
health-relevant behaviors.
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 (34).
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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.’” (34). 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 allencompassing attribute, but rather is specific to and may vary across different environmental
hazards based on personal experiences (34).
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
multidisciplinary field that seeks to better understand how individuals and communities
make sense of and act on health-related information about environmental hazards. This
definition 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
decision and solution implementation-processes. (21)
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 culmination 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
acknowledgement of factors external to the individual.
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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 participants hosted monitoring equipment in their
home and were provided the option of receiving their personal monitoring data back via a written
report and meetings with the research team (74,97).
Dorchester, Massachusetts is a neighborhood in the southern part of Boston. In 2015,
Dorchester comprised about 20% of Boston’s population (98). 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 (99). 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 (99). The housing
infrastructure in Dorchester also differs from that of Boston overall, with more multi-unit
housing in Dorchester than in Boston (99).
Dorchester has elevated rates of asthma, with 18% of adults reported having asthma,
compared to 12% of adults in Boston overall (100). Dorchester also has higher rates of asthma
emergency department visits among 3-5 year-old children (405.2 per 10,000 children), as
compared to 285.4 per 10,000 children in Boston overall (100). Asthma hospitalization rates
were higher for Black and Latino community members, about 4 and 3 times the rate for White
residents, respectively (100). Asthma rates were 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.
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The demographic and environmental characteristics of Dorchester leads to increased risks
for poor air quality among its residents, and thus has led to interest in understanding indoor air
quality within Dorchester households. We sought to better characterize the ways in which the
local population makes sense of indoor air quality and how they then respond or act 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 the phenomenon. 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 interest in changing their indoor air quality.
3.2 Methods
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 Life Course (CRESSH),
measured PM 2.5 (particulate matter particles smaller than or at 2.5 micrometers) and nitrogen
dioxide (NO 2 ) both inside and outside participants’ homes. HOME study participants hosted an
Environmental Multi-pollutant Monitoring Assembly (EMMA) device in their homes for two
weeks, one during a cold season and one during a warm season, that recorded in-home
concentrations of PM 2.5 and NO 2 , as well as additional variables (74).
Quantitative Methods
Baseline survey data were collected for each participant during the initial home visit. A series of
questions regarding demographics, home characteristics, and home-health behaviors were posed
to participants, and answers were collected via oral survey.
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All HOME participants who completed both seasons of monitoring were categorized based on
their categorical responses to the baseline question on perception of Dorchester air quality.
Participants were randomly sampled from each of the categorical response bins (n=6) for this
question. Possible responses to perception of Dorchester air quality were: ‘Very bad’, ‘Bad’,
‘Good’, ‘Very good’, ‘I have never thought about it’, ‘I am uncertain/don’t know’. This question
was considered to be a proxy for prior consideration of air quality, in general.
This quantitative information was used to inform the qualitative component of this formative
research.
Qualitative Methods
We used the integration approach in which, “the quantitative methods are used to embellish a
primarily qualitative study” (101). 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 hour) interviews with the first author.
Interviews: Interviews were performed 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 at 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 for the qualitative data analysis.
Interviews were transcribed within 48 hours of each interview by the interviewer, and detailed
memos regarding the interviews were created. We obtained approval for these interviews and all
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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 behaviors
that could impact indoor concentrations of NO 2 or PM 2.5. Questions were open ended, and asked
participants to describe whether they have candles, incense, or air purifiers or humidifiers in the
home, and about their typical behaviors with those products in their home. Participants were also
asked about their typical kitchen behaviors, and about 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.
Participants were also asked four questions for the BRIEF health literacy assessment (102).
Participants were asked to self-report their own health literacy using four items:
1. How often do you have someone help you read medical materials?
2. How confident are you 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? (102)
The BRIEF assessment asked participants to indicate their responses to the above questions
using a 5-point Likert-type scale (ranges either always to never, or not at all to extremely) (102).
The score for the BRIEF assessments were summed for each participant (possible range for the
score from 4 to 20) (102). 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) (102).
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Data Analysis:
Qualitative Analysis:
Epistemology: The research team took an interpretivist epistemological stance for this work
(76,103). In this approach, the researcher aims to characterize and understand a phenomenon by
evaluating the reality of that phenomenon as experienced by individuals (103). Through this
work, we attempt to better understand the way in which individuals currently perceive their
home’s indoor air quality, specifically as it pertains to the creation and avoidance of indoor air
pollutants. We additionally aim to better understand the way that participants attend and
contextualize indoor air quality (IAQ) information within their own homes. This effort explores
additional factors for consideration in environmental hazard communications with the lay public
through identification of their existing perspectives. Grounded theory is inductive, and is
typically implemented to create or explore theory (104). 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 (105).
Analysis: All transcripts were imported into NVivo 12 Pro. All coding and thematic analysis was
completed within NVivo 12 Pro. The coding approach followed the three steps of grounded
theory; open, axial, and selective coding (105). Open coding was implemented first to generate
categories of information found within the interview data (105). 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 (105). This identified
relationships among themes, and identified core categories from which sub-categories stem
(105). We implemented Strauss and Corbin’s approach of categorizing the data along the
dimensions of causal conditions, central/core phenomenon, contextual conditions, intervening
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conditions, action/interaction strategies, and consequences (106). Finally, selective/integration
coding was implemented to finalize and integrate the theory that emerged from the data (105).
This process ultimately created a visual model of the axial relationships identified in the axial
coding, and solidified the relationships generated by the analysis (105).
The concepts of validity and reliability are problematic within interpretivist
epistemology. Rather than validity and reliability, the ‘trustworthiness’ of qualitative data is
suggested to be evaluated by other markers (103). Namely, these are the confirmability,
transferability, and credibility (103,107). Each is addressed below:
Confirmability refers to the “degree to which the research findings can be confirmed or
corroborated by others” (103). To achieve confirmability, it is suggested that research
approaches include a confirmability audit, or a trail of approaches and data sources (107).
Therefore, to establish confirmability, the research team kept a detailed outline of the research
steps taken throughout the research project from initiation to the ultimate discussion of findings
(107).
Transferability is a concept broadly akin to external validity in quantitative research
(107). 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 (107). This informs future researchers 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 (107).
Credibility can be determined via a variety of approaches, including extensive
engagement, member-checking, and triangulation (107). Due to the limited timeframe and
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resources, extensive engagement was not possible, as we used single interviews with
participants. Instead, themes that emerged were presented to members of locally based
community organizations for their input to determine whether our conclusions matched their
interpretation & understanding of the local context.
3.3 Results
Of the 78 HOME participants in Dorchester, 16 did not complete a second season of
indoor air quality monitoring. The remaining 62 participants were classified based on their
categorical responses to the baseline question on 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 were 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. However, due to loss to follow up and nonresponse from participants, those 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. Please see Table 3.1S for a full distribution of the sample
and response rates for interviews.
The overall representativeness of the interviewed population as compared to the full
Dorchester HOME Study population is summarized in Table 3.1. The subset of participants
interviewed for the formative research were not statistically different from the other Dorchester
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HOME Study participants in terms of their ethnicity, race, household income, or educational
attainment.
Table 3.1: Demographics of Interviewed Participants and Dorchester HOME Study Participants
Total
(N=78)
Race
White
Asian
Black or African American
Other
Missing
Hispanic
No, Not Hispanic
Yes, Hispanic
Educational Attainment
Up to high school diploma, GED
Some college or associate degree
Bachelor's degree
Post graduate degree
Refused to answer
Household Income
Less than $20,000
$20,000 to $50,000
$50,000 to $100,000
$100,000 or more
Don't know
Refused to answer

No
Interview
(N=58)

Interview
(N=20)

P-value
0.36

28 (35.9%)
9 (11.5%)
27 (34.6%)
10 (12.8%)
4 (5.1%)

20 (34.5%)
8 (13.8%)
18 (31.0%)
9 (15.5%)
3 (5.2%)

8 (40.0%)
1 (5.0%)
9 (45.0%)
1 (5.0%)
1 (5.0%)
0.26

66 (84.6%)
12 (15.4%)

47 (81.0%)
11 (19.0%)

19 (95.0%)
1 (5.0%)

14 (17.9%)
17 (21.8%)
17 (21.8%)
29 (37.2%)
1 (1.3%)

12 (20.7%)
13 (22.4%)
11 (19.0%)
21 (36.2%)
1 (1.7%)

2 (10.0%)
4 (20.0%)
6 (30.0%)
8 (40.0%)
0 (0%)

0.7

0.54
22 (28.2%)
14 (17.9%)
21 (26.9%)
17 (21.8%)
1 (1.3%)
3 (3.8%)

19 (32.8%)
11 (19.0%)
13 (22.4%)
12 (20.7%)
1 (1.7%)
2 (3.4%)

3 (15.0%)
3 (15.0%)
8 (40.0%)
5 (25.0%)
0 (0%)
1 (5.0%)

Participants’ BRIEF assessment of health literacy scores ranged from marginal (n=8) to
adequate (n=12) (108).
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
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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 6) the core
categorical concept stands in varying settings (105). The core category and other subcategories
are displayed along with their properties in Table 2.2S, which also provides dimensionalized
examples of each of the categories to demonstrate the variety within each of the categories (105).
Sensemaking of IAQ
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 was described by participants on different scales (recent & past
life experiences), and in different capacities (knowledge-based, emotion-based, and sensorybased).
The relationships of the codes identified in Table 3.2S are demonstrated via axial coding
in Figure 3.1.
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Figure 3.3: Axial coding relationships of grounded theory themes for Sensemaking of Indoor Air Quality
(all category definitions are from Vollstedt and Rezat, 2019) (19)

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” (19). 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 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:
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D18: “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.”
Participants who mentioned asthma or respiratory conditions described a specific interest 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):
D8: “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
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.
Contextual Conditions
Contextual conditions are ‘…the specific set of characteristics in which the phenomenon
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 phenomenon” (19). Four
contextual conditions influenced participants’ process of IAQ sensemaking, and their
action/inaction strategies (19). These were ‘individual health literacy’, ‘individual IAQ
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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
hinderances described:
D13: “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
experiences that impact their comfort, understanding, and using 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
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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:
D4: “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 to– 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, there were some participants who expressed familiarity with IAQ and
technical language, but were generally unconcerned about their home’s IAQ:
D3: “…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, and comfort seeking and interpreting
environmental 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.
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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:
D14: “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.”
D13: “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 frustration 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:
D19: “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’ to IAQ influenced participants’ awareness of IAQ (in
terms of having worried about it), and also their 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
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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.
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 (19). 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):
D4: “[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:
D7: “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
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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:
D16: I got a whole bunch of plants in the house…and also, the German practice of
opening the windows for 15 minutes 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:
D9:” 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 close was typically related to a desire to keep pollen or ‘dirty air’
outside, and clean air inside, or to avoid 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:
D8: “…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 were influenced by both
contextual and causal conditions. Their decisions to purchase additional items, adjust their inhome behaviors, or seek additional information were influenced both by their contextual
conditions, as well as the ways in which they made sense of their own home’s IAQ.
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Intervening Conditions
Intervening conditions refer to, “the broad and general conditions that influence
action/interaction strategies” (19). There were three mitigating factors that impacts participants’
action or inaction strategies. These included participants’ perceived agency to induce change or
control their home’s indoor air quality, their risk perception of indoor air quality in their homes,
and accessibility of environmental health information.
Perceived agency was the most prevalent hinderance 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 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:
D13: “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:
D9: “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 made them
feel more confident and better able to control their IAQ (such as trusted family members or
coworkers, or specific resources online). Additionally, participants who described having
59

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:
D2: “…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 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:
D1: “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 potential health
impacts, other participants expressed intense concern for the possible health risks associated with
IAQ:
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D18: “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.”
Participants’ risk perception of IAQ impacted their intention as to 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 participants
as a challenge to understanding what steps to take:
D20: “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.
Consequences
Consequences are the general results of the action or inaction strategies to the
phenomenon. The consequences can vary over time, as well as be hypothetical or real (19).
There were three consequences that resulted from the action/inaction strategies and intervening
conditions related to 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
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engage in these action strategies. Those who had 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, in turn, less likely to have
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
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 intervening 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 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 3.3S & 3.4S). 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
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assessment of health literacy) (108). Future efforts should explore variability of demographics
across these thematic constructs.
3.4 Discussion
This qualitative effort characterizing participants’ sensemaking of IAQ provides a
framework through which we can better contextualize the factors that influence their
understanding of IAQ and their subsequent actions/inactions. This is a critical step in generating
environmental health communications because it allows the writer to better tailor the message to
meet the needs of the recipients, and to do so in a way that can facilitate removal of barriers
rather than promoting ‘solutions’ that are inaccessible to the audience.
Through this work we identify one primary barrier to action to be the perception that
participants are unable to achieve healthy indoor air quality because they cannot afford air
purifiers or humidifiers. Despite the concern over air purifiers and humidifiers, communications
can instead suggest the low-cost option of opening windows and doors to increase air movement
in the home.
A second barrier to action participants described was access to trustworthy, accessible
environmental health information. Participants described challenges they had engaging with
scientific materials because of jargon or complex sentence structures. Some also indicated that
the visuals could sometimes be too confusing, and they would become exasperated and disregard
the materials. Again, these descriptions of inaccessible scientific materials provided guidance as
to how to tailor our communication to avoid jargon and reducing the literacy demand by using
shorter words and sentences.
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However, 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. Alternatively, the framework proposed here allows the
participants to describe their lived experiences that both enhance and hinder their understanding
of IAQ as well as their actions/inactions in response to it. This is particularly appropriate in a
context in which we are unable to quantify or characterize the literacy demand or accessibility of
environmental health materials that participants have encountered.
Theory/Model Building
This effort contributes substantially to the theory-building of environmental health
literacy. Specifically, 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 (21,34,61). 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 awareness of environmental exposure,
environmental contaminant knowledge, and the ability to access information and act upon it.
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
present challenges to the existing conceptualizations of environmental health literacy on two
fronts: 1) that environmental health literacy is an attribute of an individual/community (34),
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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 environmental health literacy (34,61). 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’ intention/impetus to
act on them.
a. Environmental health materials with high demand lead to inaction.
b. Environmental health materials with high demand lead 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 (21,34,61). 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. If available
environmental exposure/health communications are not accessible, then users will subsequently
be unable to implement information within them.
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A 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 (34). 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
therefore pose a barrier to achieving EHL in its existing conceptualizations (34). Fixating 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 underserved 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
(55). 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.
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
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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 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, that led them to be interested in participating and learning
more about their own indoor environment.
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 educational attainment and health literacy levels of the participants of the interviews
were also limited. 70% of interview participants had a bachelor’s degree or higher, leaving only
30% of participants with up to some college. 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
representative of other populations’ IAQ sensemaking. 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 dramatically impacted by air quality
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effects from the 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.
3.5 Conclusions
This effort moved beyond a measure of the skills and abilities of individuals to explore
additional factors that facilitate or inhibit action to address and 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. There were substantial barriers that may
have hindered their efforts, such as the impact of neighbors or built home environment,
prohibitive cost of some solutions, and inaccessible environmental health messages.
The grounded theory approach was used to form a theoretical framework for
sensemaking of indoor air quality. This can contribute to the evolving theory related to
environmental health literacy and may be compared and contrasted with future efforts in the field
with other exposures. This effort additionally builds on the literature for environmental health
data communication by providing insight as to the ways in which participants of a study consider
and make sense of a specific environmental exposure. By further characterizing this process,
environmental health professionals may better tailor their messages to the audience.
Environmental health communicators should seek to improve the accessibility of their
messages, and to tailor them to the needs of the specific audience. Reducing the literacy demand
of and use of jargon within environmental materials can improve their accessibility and increase
their efficacy. Message creators should additionally determine what potential barriers exist
between the knowledge of an exposure, and the ‘appropriate’ action to reduce exposure. The
message should assist in facilitating removal of the barriers, rather than solely providing
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behavior suggestions for the reader. This can reduce the stigmatization of populations who have
more barriers between the 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. This can enhance our understanding of the underlying mechanisms in attending
environmental health communications, understanding of exposures, and these constructs’
relationship with actions taken.
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CHAPTER 4
Developing Accessible Materials: Combining Formative Research and Health Literacy Tools
to Inform an Environmental Data Report-Back
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Abstract and Highlights
Background: Although there is increasing interest in reporting results of environmental research
efforts back to participants, evidence-based tools have not yet been applied to developed
materials to ensure their accessibility in terms of literacy, numeracy, and data visualization
demand. Additionally, there is not yet guidance as to how to formally assess the created
materials to assure a match with the intended audience.
Methods: Relying on formative qualitative research with participants of an indoor air quality
study in Dorchester, Massachusetts, we identified means of enhancing accessibility of indoor air
quality data report-back materials for participants. Participants (n=20) engaged in semistructured interviews in which they described challenges they encountered with scientific and
medical materials and outlined written and verbal communication techniques that would help
facilitate engagement with and accessibility of environmental health report-back materials. We
coupled these insights from participants with best practice guidelines for written materials from
evidence-driven health literacy tools to produce accessible audience-informed data report-back
materials.
Results: The resulting data report-back materials had a 7th-grade reading level, and between a
4th-8th grade level of overall document complexity. The numeracy skills required to engage with
the material were of the lowest demand, and we incorporated best practices for risk
communication and facilitating understanding and actionability of the materials. Use of a
rigorous assessment tool provides evidence of accessibility and appropriateness of the material
for the audience.
Conclusions: We outline a process for developing and evaluating environmental health data
reports that are tailored to inspire risk-reduction actions, and are demonstrably accessible in
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terms of their literacy, numeracy, and data visualization demand. Adapting health literacy tools
to create and evaluate environmental data report-back materials is a novel and evidence-based
means of ensuring their accessibility.
Keywords: Data report-back, environmental health literacy, health literacy, materials
assessment, formative research
Highlights:
•

Application of health literacy tools to environmental health data report-back created an
accessible material based on the following metrics:
o 7th grade reading level
o Between 4th-8th grade level of overall document complexity
o Required numeracy skills were of the lowest demand
o Best practices for risk communication implemented

•

A process for developing and evaluating demonstrably accessible environmental health
data reports was identified
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4.1 Introduction
Participants of research studies contribute both their time and biospecimens voluntarily
while accepting potential risks to their own wellbeing (10). The information gained from
participants is critical for improving understanding of causes of adverse health outcomes and for
identifying public health interventions (10). Within the last decade, interest in returning back
results to participants in research studies has dramatically increased (10). Despite early concerns
of causing distress or anxiety for participants, ethical motivations for returning research results
are compelling: knowledge democratization, motivating action to improve health outcomes, and
informing decision-making (2,39,42,109).
Data democratization provides a meaningful opportunity for information and power
sharing through co-created knowledge. Environmental exposure assessment data can provide
meaningful insights into individuals’ exposures in their personal lives that they would not
otherwise be able to characterize due to the need for technical expertise and specialized
equipment. The information can help participants make very practical and applied choices about
how they live their lives, such as avoiding certain products or changing certain behaviors
(1,2,11,57,110,111). However, the utility of the data return only exists when data are presented
in an accessible and appropriate manner. Providing data back in a way that is jargon-laden, or
incomprehensible to some participants is an incomplete sharing of the data and the power of
information. Environmental communications that demand high literacy or numeracy skills risk
perpetuating data inequities and health disparities by only facilitating data understanding and
motivating action in those with more advanced literacy and numeracy skills (1,3,57). Several
broad-scale surveys indicate that literacy and numeracy skills are limited among adults in the
United States (8,9,53,112). Ensuring broad accessibility of environmental data materials is
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paramount to ensuring equitable utility for all participants, regardless of educational background,
literacy/numeracy skills, or formal training.
Increased interest in return of results in exposure assessment studies, combined with
growing emphasis on community engagement and participatory research have led to efforts to
better define best practices for environmental data report-back (11,18,36,39–42,44,45,113). A
workshop at the 2018 Partnerships in Environment and Public Health conference asked
participants to identify issues and priorities among community-engaged researchers to build the
report-back foundations and improve the process for material recipients (15,35). Through cluster
mapping of 35 attendees’ responses, five domains of areas for improvement for environmental
data report-back were identified (35).
These domains provide a roadmap for environmental health communicators to address
knowledge gaps in the process of providing data and materials back to research participants. In
particular, there was consensus that a primary priority should be determining ways of
“communicating information to study participants to ensure they understand what it means”
(35). To meet this goal, communication developers must create materials that are accessible and
appropriate for the intended audience. This necessitates an understanding of the audience, their
literacy and numeracy skills, and creating materials to suit their existing skill sets. We describe
here a research-driven approach that combines formative research with health literacy tools to
tailor materials to communicate indoor air quality data back to participants in way that was
sensitive to their experience with indoor air quality.
This effort provides guidance for environmental health communicators as they create
accessible report-back materials, and methods to address many of the themes identified as
priority areas of improvement for environmental health report-back.
75

4.2 Methods
Formative Research: Formative research provides critical insight as to how to best tailor
communications for a specific audience (114,115).Formative research typically occurs early in
the communication development process so that information can be collected on audience
characteristics and understanding, as well as contextual factors that are pertinent to the message
(114). This information is collected early in the communication creation process to inform the
development and tailoring of the message to be appropriate and accessible for the intended
audience (116). Formative research has been a critical tool for development of appropriate
health-related communications and tailoring them for recipients with varied health literacy skills
(3,114,117,118).
Study Population: This report-back effort reflects the joint work of the Home-based Observation
and Monitoring Exposure (HOME) Study and Community Engagement Core members within
the Center for Research on Environmental and Social Stressors in Housing across the Life
Course (CRESSH)(60). The HOME Study collected indoor air quality data in the homes of 78
participants living in Dorchester, Massachusetts. Data collection began in the summer of 2017
and was completed in summer of 2019. Nitrogen dioxide (NO 2 ) and particulate matter particles
smaller than or at 2.5 micrometers (PM 2.5 ) data were reported back to participants via printed
materials in winter of 2020. At that time, participants were invited to attend meetings with
members of the research team to discuss their household data reports. Due to the onset of the
COVID-19 pandemic, all participant meetings were completed virtually.
Interviews: Semi-structured interviews were performed with 20 of the HOME Study participants
before creation of the report-back materials. Participants had previously completed both a
baseline survey questionnaire about their home characteristics, demographics, and health
behaviors, as well as two seasons of indoor air quality monitoring – one week each in the
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summer and winter seasons. All participants who completed both seasons of sampling were
categorized based on their responses to a question regarding their perception of Dorchester’s air
quality (6 response options, ranging from ‘Very bad’ to ‘Very good’, ‘Uncertain’, or ‘I have
never thought about it’). For interviews, participants were randomly sampled from each of the
categorical response bins related to air quality perception.
The first ten interviews were performed within the participants’ homes, and the final ten
were performed over the phone due to the onset of the COVID-19 pandemic. Each interview was
approximately an hour, and covered topics included typical in-home behaviors and products,
perceptions of indoor air quality in the home, prior experience with scientific and medical
materials, and input specifically regarding the creation of the report-back materials for this study.
Our full qualitative analysis of the semi-structured interviews is described in Chapter 3.
Qualitative Data Analysis: All interviews were audio-recorded at the consent of the participant.
Interviews were transcribed by the first author and then entered into NVivo 12 Pro. Detailed
memos were kept from each interview, and throughout the qualitative analysis process. All
qualitative analysis was performed within NVivo. This analysis implemented a thematic coding
qualitative analysis (119).
Application of Health Literacy Tools:
Step 1: Overall Structure – Fuzzy Trace Theory
One of the goals in providing data back to participants is to provide information that is
useful for making decisions about their own environment (45). This process involves a stimulus
(the data report), processing and meaning making by the reader, memory of the materials, and
the outcome of action or inaction. Fuzzy-trace theory describes the process of judgement and
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decision making based on memory and reasoning from a stimulus (120). The theory
distinguishes between gist and verbatim memories in terms of the ways in which people,
“encode, store, retrieve, and forget” the two types of memories (120).
Gist-level refers to the essential information, or “bottom-line meaning” of the material
(121). Verbatim memory refers to the precise quantitative aspects of information, and
encapsulates the exact form in which the information was presented (121). When making
decisions, particularly related to risk, people tend to rely on their gist memory (rather than
verbatim) to act (121). Thus, gist representations of the data facilitate better understanding of risk
and decision-making (122). Gist-level representations, particularly visual demonstrations, have
been associated with better long-term decision making specifically in the context of
environmental health risks (123).
Despite the advantages associated with gist-based decision making, gist meaning is
intuitive and relies on background knowledge on the subject (124,125). This background
information impacts the encoding of the new information as extraction of the bottom-line
meaning (124,125). Thus, people who have more training or experience with a given topic will
more accurately apply gist-level information to assess risk (124,125). An investigation of how
experts vs. laypersons interpret quantitative risk information suggested that, “numbers should be
presented so that people can extract their own gist, but that they should be ordered and organized
to facilitate recognition of patterns and basic meaning, with explicit labels summarizing the
bottom line as judged by experienced patients and providers” (124). Thus, providing verbatimlevel representations of the quantitative information or data coupled with facilitators for
interpretation can assist with building intuition for contextualizing the data and associated risk
necessary to build gist-level understanding.
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We developed the organization of our report-back material to facilitate both styles of
meaning making for our audience. Guidance for material development from Fuzzy Trace Theory
was as follows (122–127):
1. Provide bottom-line messages regarding data in consolidated form for gist-level meaning.
a. Include critical information within the gist information (i.e. risk, call-to-action,
etc.).
b. Include visual summaries, such as graphics, to facilitate gist-level recall.
c. Provide brief interpretation of data meaning for participants.
2. Include verbatim information as a means of building intuition for gist-level meaning
a. Include expert interpretations of data patterns or trends identified in the data.
Step 2: Operationalizing Health Literacy Tools
We applied four evidence-driven health literacy tools to tailor our materials to be
accessible for our participants in terms of the literacy, graphicacy, and numeracy demands
(52,122,128–130). These tools were selected to address components of the report in a
complementary manner. The Simple Measure of Gobbledygook (SMOG) was selected to aid in
addressing the literacy demand, the PMOSE/IKIRSCH provided guidance to limit the
complexity and density of the materials, Apter’s hierarchy provided guidance as to how to limit
the numeracy demand, and Visualizing Health provided indication of how to best communicate
risk visually (51,131–133). An overview of tools used, and the best practice guidance provided
from each is provided below. A summary of each tool, its focus, and extracted principles is
provided in Table 4.1.
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Table 4.1: Summary of Applied Tools' Focuses and Extracted Principles

Tool
Simple Measure of
Gobbledygook
(SMOG) (131)

Focus
Literacy demand

PMOSE/IKIRSCH
(132)

Document
complexity

Principles Extracted
1. Use short sentences.
2. Use words with fewer than three syllables
where possible.
3. Use audience-friendly language (rather
than jargon).
1. Use few labels and items per graphic.
2. Organize labels and items simply.
3. Do not refer to information outside of the
page (each page has all information
needed).

Apter’s Hierarchy (51) Numeracy
demand

1. Use few mathematical constructs within
the material.
2. If mathematical constructs are necessary,
reduce the level of numerical mastery
(decision making, interpretation, or
description) required of the material user.
3. Include only numeracy elements that are
critical to the communication goals of the
material.
4. Include multiple interpretations
(qualitative/verbal, quantitative, and
visual) of the numeracy components.

Visualizing Health
(133)

1. Identify the communication goal of each
data visualization based on:
a. The amount of detail to be
conveyed (i.e., gist vs. verbatim),
b. The risk message (i.e., risk
tradeoffs, differences in likelihood,
raising/lowering concerns,
classifying risks, or awareness of
risk),
c. The data to be communicated
(such as risk estimate or test
result).
2. Employ the graphical best practices
identified by Visualizing Health to tailor
data visualizations to meet the outlined
goals from above.

Visual risk
communication
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SMOG: The Simple Measure of Gobbledygook (SMOG) is a readability assessment tool (131).
The SMOG provides a mathematical equation to assess the reading difficulty of a passage or
material based on two parameters: the length of individual words and the length of sentences
(131). The output from the SMOG is the reading grade level of the text (131). Longer words and
longer sentences present more difficulty for the reader (131). Accordingly, to reduce the literacy
demand of the text, the goal of the material creator is to reduce the length of both individual
words and sentences.
To operationalize the SMOG when writing our report back materials, we implemented these
three guiding principles:
4. Use short sentences.
5. Use words with fewer than three syllables where possible.
6. Use audience-friendly language (rather than jargon).
PMOSE/IKIRSCH: The PMOSE/IKIRSCH was introduced in 1998 to address the lack of tools
to assess comprehensive document complexity (132). The PMOSE/IKIRSCH assesses the
document structure, density, and dependency (132). Documents’ structure are assessed based on
the visual organization of information, with increasing difficulty from simple lists, combined
lists (including pie charts and timelines), intersected lists (including bar charts, line graphs and
maps), and nested lists (including bar charts and graphs with nested labels) (132). Density of the
document is scored based on the number of labels and items presented within the structure (132).
Finally, dependency is considered present within a document if there is a reference to pertinent
information that the reader must search for outside of the document (132). The
PMOSE/IKIRSCH assigns a numerical score based on the combination of the document’s
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structure, density, and dependency, and provides a grade level range of demand on the reader to
contextualize the score.
To operationalize the PMOSE/IKIRSCH when creating our materials, we implemented the
following principles:
4. Use few labels and items per graphic.
5. Organize labels and items simply.
6. Do not refer to information outside of the page (each page has all information needed).
Apter’s Hierarchy: Our data report involved substantial numeracy components, critical to
communicating household air pollutant concentrations back to participants. Numeracy elements
are often key elements of environmental health data reports that provide data as a means of
facilitating data ownership (11).
Although there does not yet exist a tool to assess numeracy demand, Apter et al.
developed a conceptual model mapping the numeracy skills necessary for health communication
(51). Numeracy refers to a range of math skills required to engage with and act upon numerical
information, including comparison of values, interpretation of trends, contextualizing
probabilities, estimating risk, and the array of arithmetic operations (51). Repeated surveys have
indicated that numeracy levels among adults are low (8,51,52,64).
Apter’s model (shown in Table 3.1S) relies on categories of numerical information,
“basic (e.g., ability to identify and read numbers), computational (e.g., counting and arithmetic),
analytical (e.g., inference, estimation, proportion, percentage, frequencies, basic graphs), and
statistical (e.g., basic probability, statistics, and risk assessment)” (51). The numeracy elements
are organized in order of difficulty, increasing as you move towards the bottom of the model
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(51). The three levels of mastery required for each numeracy element increases from left
(describe) to right (decision-making) (51). Moving a required skill from one cell in the model
upwards and to the left reduces the numeracy burden on the reader (51).
While Apter’s hierarchy can be used to evaluate existing numeracy materials, it may also be
operationalized as a guide to decrease numeracy demands of written materials for the user (51).
Below are the steps we implemented when developing our data reports to increase accessibility
of the numerical components and reduce the numeracy demand on the reader:
5. Use few mathematical constructs within the material.
6. If mathematical constructs are necessary, reduce the level of numerical mastery (decision
making, interpretation, or description) required of the material user.
7. Include only numeracy elements that are critical to the communication goals of the
material.
8. Include multiple interpretations (qualitative/verbal, quantitative, and visual) of the
numeracy components.
Visualizing Health: The Visualizing Health project tested multiple iterations of risk-based
health visualizations with the general public to find the most efficacious risk communication
visuals (133). This effort identified a range of risk communication scenarios, and then identified
the goals of each (133). They evaluated a series of data designs for each scenario and evaluated
which made sense to the general public via survey testing (133). From Visualizing Health, we
employed the following steps to create our data visuals:
3. Identify the communication goal of each data visualization based on:
a. The amount of detail to be conveyed (i.e., gist vs. verbatim),
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b. The risk message (i.e., risk tradeoffs, differences in likelihood, raising/lowering
concerns, classifying risks, or awareness of risk),
c. The data to be communicated (such as risk estimate or test result).
4. Employ the graphical best practices identified by Visualizing Health to tailor data
visualizations to meet the outlined goals from above.
Step 3: Rigorous Assessment of Report-Back Materials
In addition to using guiding principles from health literacy tools in the material creation
process, we also applied the CDC Clear Communication Index to the penultimate version of our
report to determine whether it was suitable and accessible for our audience (134).
CDC Clear Communication Index: The CDC Clear Communication Index (The Index) is a
research-based tool created for development and assessment of public communications in
accordance with the Plain Writing Act of 2010 (134). The Index is comprised of 20 items that
help the message creator identify the primary communication goals and enhance the clarity of the
message to facilitate understanding of the material. It may be used both as guidance for best
practices in message creation as well as message evaluation. Each of the 20 items may receive a
score of zero or one. The 20 item scores are converted into a composite score (out of a possible
100) (134). A score of 90 or above is considered ‘passing’, with a score of 100 being ideal
(134). The Index assess materials across seven categories: 1) main message and call to action, 2)
language, 3) information design, 4) state of the science, 5) behavioral recommendations, 6)
numbers, and 7) risk (134). Three members of the research team, including a member of a
community-based organization, rated the report according to The Index in order to evaluate its
appropriateness for the audience before distribution.
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4.3 Results
A template version of the reports provided back to participants is included in the
supplementary materials (Figure 4.1S).
Participant Interview Input: When asked about prior experiences with medical and/or scientific
materials, participants described various barriers that they had previously encountered. The most
frequently noted challenge was jargon or insufficiently explained terminology. Participants
suggested that terminology that disrupted their reading flow to seek the meaning of words
impacted their comprehension. In addition to jargon, ‘information overload’ and complex
sentence structure were also listed as barriers. Participants described frustration with materials in
which information was not broken down into everyday language, but instead used unfamiliar
jargon. Further, they indicated that when they were unable to understand a material, they would
stop engaging with it.
Participants also identified components of materials that helped foster their own
engagement and understanding. Providing the materials in a folder was suggested to help the
recipient recognize its importance after the initial reading. There was also a preference to receive
the materials ahead of any meeting or conversation so that participants had time to review the
information and process the contents. In addition to reducing the amount of jargon and
complexity of sentences, participants suggested a series of factors that would facilitate better
comprehension and action based upon the report contents. First, participants asked for the
materials to have an executive summary towards the front, with more detailed information
behind for those who wanted to engage further. Participants suggested that breaking down
actions in to small, manageable steps would make the suggestions more memorable, and more
likely to be acted upon. There was also a call for these suggestions to be framed positively, rather
85

than providing critical feedback about in-home behaviors. Finally, decision-trees were suggested
as a comfortable format to help facilitate the decision-making process of what actions were
appropriate for the participant to take in their home based on their personal report.
Material Layout: The final report was divided into a gist-level section (an executive summary
for each pollutant) in the beginning, and verbatim-level section after. The gist-level section
included the key information that participants identified as being most of interest during
interviews: information about what was measured in their home, where it comes from, what the
health impacts may be, whether their home’s level was of concern, and what they could do to
reduce their concentrations. This information was presented numerically, graphically, and via
text, allowing for different learning styles to access the same information. The verbatim-level
section included graphical representations of the data, charts, and personalized text and
numerical components (135). These tailored components included questions personalized to the
participant’s data points and patterns. They asked participants to consider typical in-home
behaviors potentially associated with the days or seasons with elevated concentrations in a
workbook-style (135).
Material Complexity: Our materials included multiple data visualizations, specifically nested
lists and bar charts. Each of these was scored, and all were either determined to be at Level 2 (8th
grade of school equivalent), or Level 1 (4th grade of school equivalent) in terms of their
complexity via the PMOSE/IKIRSCH (132). All had few labels and items, leading them to have
low density. There was also no dependency present in any of these items. Therefore, the
complexity of these items originated from the overall structure of nesting within the data tables
and the inherent challenges presented by engaging with a bar chart (132).
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Literacy Demand: Several polysyllabic words (i.e. [air] quality, particulate matter, nitrogen
dioxide, Dorchester) were critical to our material’s content. To account for these words, which
appeared with frequency in our materials, we applied the SMOG to our materials in two
manners: (1) counting every instance of every polysyllabic word; and (2) counting those four
critical polysyllabic words listed above only the first time that they occurred in the material. This
allowed us to determine both the overall SMOG reading level score as well as a score adjusted
for the repetition of polysyllabic critical communication components. Adjusting for the repetition
of these words, our final material’s literacy demand was at the 7th grade school equivalent.
Numeracy Demand: Although there is not a formal score output from Apter’s Hierarchy, we
were able to decrease the numeracy demand from an early version of the report by reducing both
the level of participant numeracy mastery required to engage with numerical components and
using numeracy elements that were lower-demand on the reader (51). Specifically, numerical
elements included ‘reading numbers’, ‘reading tables’, and ‘reading graphs’ (51). We further
reduced the level of mastery required by providing individualized textual interpretation of the
graphical and numerical components to assist with numerical interpretation (135).
We tailored our gist-level graphs (shown in Supplemental Figure 4.1S, pages 2 & 3) in
accordance with Visualizing Health’s best practices. Specifically, we aimed to classify the health
risks associated with average seasonal PM 2.5 and NO 2 concentrations by comparing household
results to the World Health Organization (WHO) indoor air guidelines (136). To do so, we used a
color-coded scheme to indicate health risk zones associated with elevated pollutant
concentrations. This was also paired with suggestions to refer to the specific flow-chart to help
facilitate decision-making as to what actions could be taken to reduce indoor air concentrations
and associated risk. Additionally, we provided interpretation of the directionality of the scale
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(i.e., which direction is advantageous for health) to provide additional context for the pollutant
concentration results.
Rigorous Assessment: All raters assessed the materials using the CDC Clear Communication
Index independently, with resulting scores of 90, 95, and 95 out of a possible 100. Raters
provided notes on each detailed section during scoring, and discrepancy in scoring was
compared. Specifically, there were discrepancies regarding whether risk was addressed both
numerically and visually. The materials were determined to have both components among raters,
resulting in consensus. The Index assesses materials on 4 domains: main message and call to
action, behavioral recommendations, treatment of numbers, treatment of risk. A passing score of
90 or above provides indication that the material is appropriate for the intended audience across
these four domains.
4.4 Discussion
A series of areas for effective communication strategies in environmental health data
report-back creation have been identified: ensuring understandability of the information,
communicating appropriate levels of concern/risk, how to deliver the information, defining
scientific terms appropriately, visual presentation of data, and addressing health and
environmental health literacy (35). Addressing each of these domains through the combination of
formative research in the form of semi-structured interviews with participants and evidencebased health literacy tools, we provide guidance for improving the process of environmental
health report-back.
This effort provides specific health literacy tools that offer guidance for creating
accessible materials and can be applied to assess the demand of existing report-back materials.
Best practices to improve accessibility of materials were identified from each tool, and impact on
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report-back creation was demonstrated. There was also synergy between some of the suggestions
from participants and the guidance from the health literacy tools: providing materials and low
reading-grade levels, reducing sentence complexity, inclusion of an executive summary, and
providing small actionable steps. This work provides both a series of steps to take to create a
material, as well as tools to facilitate accessibility of the materials in terms of literacy, numeracy,
and data visualization demand. It also provides insight as to how to facilitate action based on
environmental health risk communication through message tailoring. Finally, we suggest a
comprehensive tool, the CDC Clear Communication Index, as a means of evaluating the
appropriateness and accessibility of a material before distribution.
Areas for Future Work: Providing exposure assessment data back to research study
participants provides an opportunity to facilitate data democratization and enhance opportunity
for informed decision-making to reduce potentially harmful exposures. However, the nature of
environmental data communication necessitates inclusion of numeracy elements (such as units or
scales) that may not be familiar to all participants (11). As a result, use of numbers and data
displays should be guided by current research (e.g. using whole numbers, using consistent
presentation of numbers, and simplifying data visualizations) (54–57). Additionally, the
language used to contextualize and describe the results and possible health risks is often
technical and unfamiliar to the broader public. Further, the nature of environmental health
studies limits the ability to ethically engage in certain types of study design (such as randomized
control trials), limiting conclusions that can be drawn about health risk with certainty (141).
Thus, the field of environmental health data report-back has particular hurdles in communicating
findings back to the general public in a way that is accessible, appropriate, and can provide clear
guidance on how to contextualize and act upon it.
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Despite these challenges, developing methods to ensure accessibility of the data
communication materials in a demonstrable and evidence-based manner is pivotal for equity in
return of results. While tools, such as the SMOG, exist to assess and guide the reduction of
literacy demand of materials, the language used within environmental exposure assessments
(such as particulate matter, and nitrogen dioxide), are often polysyllabic and increase the demand
on the reader. Further, these tools fail to capture short words that are unfamiliar to the audience
(such as dermal), that may still obfuscate the message. While we were able to reduce the literacy
demand of our materials to a 7th-grade equivalent level, meeting the national average, this level
may still have been above the literacy skills of some members of our audience, and may not have
fully captured all possible jargon (142). In this regard, pilot testing with members of the audience
is critical to ensure that the language is appropriate and understandable. This can also provide an
opportunity for bi-directional decision making within the context of community-engaged
research. Future work should explore whether a lower bound exists for literacy demand of
environmental health communications due to necessity of polysyllabic scientific terms.
Although accessibility assessment tools, such as the CDC Clear Communication Index,
exist for health-based materials, additional tools should be developed specifically for the
assessment of environmental data communications. These new tools may build upon the
foundation that already exists within the field of health literacy, but should incorporate
environmental-health-specific considerations such as: uncertainty associated with compounds for
which there is not a health-based benchmark for comparison, unclear associations between
exposures and health outcomes, spatial presentation of exposure data, etc. The application of the
health literacy tools within this effort provide a starting point from which future efforts may
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build to create comprehensive assessment instruments to evaluate and demonstrate accessibility
of environmental assessment data reports.
Limitations: Each of the tools applied to these materials comes with their independent
limitations. Using a variety of health literacy tools and best practices in concert with one another
helps to overcome the individual limitations of each alone.
Although the SMOG can facilitate the reduction of literacy demand based on sentence
and word length, it does not address the use of short (2 or fewer syllable) words that may limit
comprehension. This leaves the possibility for vocabulary to be included in the material that is
unfamiliar to the audience but not identified as challenging by the tool. The PMOSE/IKIRSCH,
while helpful for structure and density of a document, does not assess the overall material
beyond that (in terms of font size, appropriateness of photos, or content/vocabulary).
Apter’s Hierarchy provided guidance regarding best practices to reduce the numeracy
demand on the material reader. However, this tool neither provides a numerical assessment of the
demand nor does it provide explicit indication of the relationship of the numeracy skills required
to engage with the material. Additional assessment of the relationship of numeracy skills
required to engage with a data report-back material and the impact on health outcomes and
health-based actions should be explored in future work.
The Visualizing Health project is helpful to determine appropriate visual representations
of risk but does not extend to other types of non-risk visuals. Though the visuals were tested
broadly to represent “ordinary individuals”, the visual communication attributes outlined may
not be appropriate for specific cultural groups. Pilot testing visuals with members of the intended
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audience can help to ensure that the visual is communicating the intended information in an
appropriate way for the recipients.
Interviews were conducted in English, limiting participation of those with other primary
languages. Thus, the input from this subset of participants may not be representative of the
participant pool at large. The health literacy tools used for this effort are also largely tested in
English-speaking populations, and additional work regarding creation and evaluation of
translated environmental health materials is needed.
4.5 Conclusions
This effort showed the utility of using both formative research and research-based health
literacy tools to create environmental health data report-backs that are demonstrably accessible
and tailored to the audience. Creators of environmental data reports must acknowledge that all
participants receiving communications do not come into the process with equal educational
training or communication styles and skills. By reducing the demand of data communication
materials, accessibility of the information within those materials may be enhanced, allowing for
broader participation in the knowledge sharing. Failing to ensure accessibility of materials may
disenfranchise members of the audience who are likely to have lower literacy or numeracy skills,
and may perpetuate health disparities by continuing to keep environmental information out of
reach for those who are vulnerable (7–9,143,144).

92

CHAPTER 5
Conclusions

CONCLUSIONS
5.1: Summary of Findings & Implications
This body of work identifies areas for further investigation in EHS messaging and its
relationship with EHL. Assessment of the ways in which people attend and respond to
environmental health information has largely focused on participants’ valuation of the EHS
information provided, knowledge gained and intention to act (1,10,18,35,39,43,45,48,50,59–61).
This work suggests that evaluation of impact of an EHS message by these standards alone is
insufficient. Chapter 2 identified significant differences between those who participated in the
report-back process and those who did not. This suggests that there may be groups who are
missed in the report-back process. Future work should include assessment of engagement in EHS
report-backs to determine methods for equitable engagement. The study design implemented
(post-test) also did not afford the opportunity to clearly determine the impact of the EHS reportback on knowledge gain and actionability. Study designs beyond post-test should be
implemented for EHS data report-back evaluations to provide evidence of impact to participants.
Alternative designs with pre-test and/or comparison groups can provide additional clarity
regarding the impact of report-backs on outcomes of interest.
Compared to the prevailing EHL literature, Chapter 3 suggests the need to expand
conceptualizations of EHL to account for contextual factors that influence understanding of
environmental hazards. These factors may additionally affect participants’ ability to or interest in
adopting health-protective behaviors. Current EHL definitions imply a continuum or hierarchy
from awareness of exposures, accessing relevant information, and ultimately acting to reduce
exposures. However, this proposed model fails to explicitly account for structural barriers
between awareness and action (21,34). One article explicitly states that, “individuals who are
proficient in EHL are able to recognize their exposures and exert some manner of control over
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them rather than feeling as if ‘there’s nothing I can do’” (34). We identified two contextual
barriers that disrupt the proposed continuum, namely: barriers to necessary resources and
financial barriers. According to the current conceptualization of EHL, those with fewer financial
means or existing barriers to resources are unable to achieve EHL. This suggests that the direct
connection between knowledge and enacting solutions is not an appropriate metric for evaluating
EHL (34,61). Future work should assess the role of these two barriers on EHL and seek means to
reduce their impact. 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 (73). If, rather, EHL is a broader phenomenon that
encapsulates individual skills and capacities in addition to environmental messages, and
structural factors, then measurements at the individual level will be insufficient.
Chapter 3 also identified high demand of EHS messages as a barrier to health-protective
action and perceived self-efficacy to act. Literacy and numeracy skills within the United States
are limited (8,9,62–64). EHS messages must therefore be tailored to be accessible for intended
audiences, ensuring application of best practices from the health literacy realm in addition to
formal assessments of suitability for distribution (142,145–147). Chapter 4 provided a process
combining application of health literacy tools and health communication theory to create a
demonstrably accessible EHS communication. Accessibility was assessed in terms of reading
grade level, overall document complexity, required numeracy skills and application of risk
communication theory. Future EHS messages should provide proof of accessibility in addition to
evaluation of impact on recipients. This necessitates expansion of assessment metrics for

95

environmental data report-backs to include reflection on the message itself in addition to impact
on outcomes of interest.
5.2: Recommendations for Public Health Research and Practice
Suggested areas of exploration in EHL and EHS communication include, “the
effectiveness of EHL resources and educational materials to inform intended audiences (within
the context of their existing beliefs and attitudes.)” (34). In Chapter 2, we explored additional
metrics of evaluation for an EHS data report-back. Additional work is needed to identify what
common impacts are desired in EHS data report-backs to better define the evaluation parameters.
This can inform future efforts to make EHS data report-back as useful and accessible as possible
to recipients.
In Chapter 3, we explored the role of context on IAQ EHL. The resultant framework for
sensemaking of IAQ should be tested in different populations and contexts for applicability in
other contexts or for other environmental hazards. Additionally, this work identifies barriers to
achievement of EHL according to the existing definitions. This qualitative exploration
contributes to evolving EHL definition and may be compared with future efforts in the field with
other exposures. We additionally build on the literature for EHS data communication by
providing insight as to the ways in which participants of a study consider and make sense of a
specific environmental exposure. By further characterizing this process, environmental health
professionals may better tailor their messages to the audience.
In Chapter 3, we also identified high demand EHS communications as a barrier to
achieving EHL. It is the responsibility of EHS message writers to remove this barrier that limits
accessibility of available information (148). Application of evidence-based health literacy tools
and best practices from health and risk communication fields can reduce demand of EHS
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messages, as demonstrated in Chapter 4. There are, of course, aspects of EHS messages that pose
unique challenges for the EHS field. First, there is inherent uncertainty associated with
compounds for which there is not a health-based benchmark for comparison. Second, there may
be scenarios in which there are unclear associations between exposures and health outcomes,
which may hinder the ability to suggest protective alternative behaviors. Future efforts should
create comprehensive assessment instruments to evaluate and demonstrate accessibility and
utility of EHS messages. Tools such as the CDC Clear Communication Index could be adapted
to capture these EHS-specific challenges. Adapting existing tools to address these field-specific
communication efforts can further assist EHS message creators in ensuring their materials are
accessible and appropriate for the intended audience.
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Supplemental Information
Supplemental Information for Chapter 2
Table 2.1S: Number of responses to data interpretation questions by research team members and
participants
Question
Task

Number of
Participants
with
Seasonal
Data
Missing

Number of Participant
Responses on Mailed
Questionnaires
(number of
participants
responding ‘not sure’)

Number of Participant
Responses on PostMeeting
Questionnaires
(number of
participants
responding ‘not sure’)

Number of Reportbacks Interpreted by
Research Team
Members

Text: “Based on my results report, my home’s Cold Season NO2 results are ___ all homes studied in Chelsea”

Locating
(1)

5

25
(5)

14
(1)

66

Text: “Based on my results report, my home’s Warm Season PM2.5 concentrations are __ compared to the outdoor PM2.5
concentrations measured in Chelsea”

Locating
(2)

10

27
(6)

14
(0)

61

Text: “Based on my results report, my home’s PM2.5 from the Cold Season Week was above the annual standard on __ of the
monitoring days.”

Integrating 5

25
(7)

13
(0)

66

Text: “Based on the NO2 results presented on page 5, I would expect NO2 concentrations next year to be higher in my home, on
average, in: ”

Generating 12

26
(10)

14
(1)

59

Table 2.2S: Intraclass correlation coefficients for research team responses to data comprehension
questions
Question
Task
Locating
(1)
Locating
(2)

Number of Reports Interpreted
by Research Team

ICC

P-value

95% CI

Text: “Based on my results report, my home’s Cold Season NO2 results are ___ all homes studied in Chelsea”

66

0.886

<0.001

0.834<ICC<0.925

Text: “Based on my results report, my home’s Warm Season PM2.5 concentrations are __ compared to the outdoor
PM2.5 concentrations measured in Chelsea”

61

0.366

<0.001

0.201<ICC<0.528

Integrating

Text: “Based on my results report, my home’s PM2.5 from the Cold Season Week was above the annual standard on
__ of the monitoring days.”

Generating

Text: “Based on the NO2 results presented on page 5, I would expect NO2 concentrations next year to be higher in
my home, on average, in: ”

66
59

0.924
0.712

98

<0.001
<0.001

0.889<ICC<0.950
0.597<ICC<0.805

Table 2.3S: Participants' and research team members' responses to 'locating' question
Post-Meeting Questionnaire
Reviewers

Lower Same

Higher

Lower

23

2

5

Same
Higher

7
3

5
5

3
7

Participants

Participants

Mailed Questionnaire
Reviewers

Lower

Same

Higher

Lower

20

4

3

Same
Higher

0
0

0
3

3
6

Table 2.4S: Matching of participants' and research team members' responses to 'generating' information
question
Mailed Questionnaires
Match
No Match
33
15

Post-Meeting Questionnaires
Match
No Match Unsure
27
9
1

Unsure
10
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Supplemental Information for Chapter 3
Table 3.1S: Distribution of Baseline Survey Response on Dorchester Air Quality and Interview Sampling
Response Rates

Perspective of
Dorchester Air
Quality
Very Bad
Bad
Good
Very Good
Never Thought
About It
Uncertain
Total

Baseline Survey Response
n
Percent

Qualitative Interviews
Target n for
n
Interviews
Interviewed

6
12
25
2
15

8.3
16.7
34.7
2.8
20.8

2
3
7
1
4

5
5
1
2
5

12
72

16.7
100

3
20

2
20

Table 3.2S: Axial coding domains, dimensions, and examples for sensemaking of IAQ

Broad Axial
Coding
Category
Causal
Conditions

Contextual
Conditions

Category or
Subcategory

Properties or
Dimensions

Dimensionalized Examples

Health concern
(personal or family
member)

Spectrum of
worry or focus on
health status and
possible impacts
to family's health
from air quality

General concern
for personal or
family members'
health

Sensory awareness of
IAQ

Indication of
awareness of
indoor air quality
via sight, smell,
or taste

Awareness of air
pollution
generally, but no
acute awareness
of it via the
senses

Individual level
health literacy

Self-reported
comfort and skill
level accessing
written and oral
medical
information and
forms via the

Inadequate
health literacy
(substantial
challenges posed
by medical
materials, forms,
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Acute concern
for personal
or family
members'
health (such
as a specific
medical
condition or
vulnerable
group)
Acute
awareness of
indoor air
quality via the
senses –
typically from
sight or smell
Adequate
health literacy
(has skills
necessary to
access and use
health
information as

BRIEF health
literacy
assessment

Individual IAQ
environmental health
knowledge

Housing type and
proximity to
neighbors
Existing home
behaviors and habits

Action/Inaction Purchasing items
Strategies

Home behaviors

or oral
well as to
communications) exchange
information
regarding
medical
content)
Participant's lived Little experience Ample
experience that
with IAQ
experience
impacts their
environmental
with IAQ
comfort
health
environmental
accessing,
information, and health
understanding,
little familiarity
information,
and using IAQ
with topic,
and
environmental
stakeholders, and familiarity
health
relevant
with topic,
information
concepts for IAQ stakeholders,
and relevant
concepts for
IAQ
Structural aspects Multifamily or
Single family
& ownership of
apartment units
unit and/or
built home
and/or rental
occupant
environment
owned
Habitual or
Describes
Describes
typical home
history or habit
history or
behaviors related of actions (or
habit within
to IAQ (incense
inactions) in the household that
and candle use,
household that
may increase
cooking habits,
reduce indoor air indoor air
ventilation habits, pollution
pollution
smoking habits,
etc.)
Purchased items
Did not purchase Purchased at
such as air
items such as air least one item
purifiers or
purifiers or
such as an air
humidifiers to
humidifiers for
purifier or
impact home’s
the home
humidifier for
IAQ
the home
Adjusting typical Did not change
Adjusted
in-home
or adjust insome in-home
behaviors to
home behaviors behaviors to
impact home’s
to impact the
impact the
IAQ
home’s IAQ
home’s IAQ
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Intervening
Conditions

Information seeking

Individual's
experience
looking for
information
related to indoor
air quality or
health conditions
related to indoor
air quality

Has never sought
information
related to indoor
air quality or
associated health
conditions

Perceived agency

Level of
confidence in
ability to control
indoor air quality

Risk perception of
IAQ

Level of concern
for indoor air
quality and
potential impact
to household
members
Clarity and
appropriateness
of EH materials
to facilitate the
user’s ability to
understand
information, and
to navigate
decisions relevant
to the
information
Sense of access
to resources or
skills/knowledge
to achieve
healthy IAQ

Feel defeated in
ability to control
indoor air
quality; do not
have access to
the resources
would like to
control indoor
air quality;
unsure what to
do to control
indoor air quality
Have not thought
about indoor air
quality, or
express no
concern

Accessibility of EH
information/materials

Consequences

Perception of access
to resources or
actions to reduce
indoor air pollution
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Has spent
some amount
of time
seeking
information
related to
indoor air
quality or
associated
health
conditions
Feel confident
in ability to
control indoor
air quality;
feels
confident in
ability to
make changes
to address
indoor air
quality
Concerned
about indoor
air quality and
potential
health impact

Encountered EH
materials that
were received as
overly jargonladen or complex

Encountered
EH materials
that were
received as
clear and
actionable

Feeling
discouraged in
ability to access
resources or act
on information

Feeling
confident in
ability to
access
resources or
act on

to achieve
healthy IAQ

information to
achieve
healthy IAQ

Describes
experiences of
attempt to
address indoor
air quality as
successful
with some
degree of
hope for
future action
to be
successful
Not concerned
about air
quality for
impact to
personal or
family
members'
health. Feels
confident in
having a
'healthy home'
environment

Perceived ability to
control indoor air
quality

Perception of
ability to act to
maintain or
impact own
indoor air quality

Describes
experiences of
attempt to
address indoor
air quality as
unsuccessful
with no
confidence in
future actions
being successful

Sense of security for
personal and family
health

Degree of
concern about
family members'
health being
affected by
home's indoor air
quality

Has concern
about potential
impact of air
quality on
personal or
family members'
health. Feels
concerned about
maintaining a
healthy home
environment
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Table 3.3S: Comparison of Demographics for Risk Perception Levels

Low IAQ Risk
Perception
(n=7)

High IAQ Risk
Perception (n=11)

p-value
0.21

Race
American Indian or Alaska Native, Black,
Other
Asian
Black or African American
Other
White
Household Income
Less than $20,000
$20,000 to $50,000
$50,000 to $100,000
$100,000 or more
Refused to answer
Education
Less than high school or GED
Highschool diploma or GED
Some college
Bachelor's degree
Postgraduate degree
BRIEF HL Score (Adequate)

0 (0%)
1 (14%)
2 (29%)
0 (0%)
4 (57%)

1 (9%)
0 (0%)
7 (64%)
1 (9%)
2 (18%)
0.12

0 (0%)
1 (14%)
3 (43%)
3 (43%)
0 (0%)

3 (27%)
2 (18%)
5 (45%)
0 (0%)
1 (9%)
0.12

1 (14%)
0 (0%)
1 (14%)
0 (0%)
5 (71%)
5 (71%)
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0 (0%)
1 (9%)
2 (18%)
5 (45%)
3 (27%)
6 (55%)

0.83

Table 3.4S: Comparison of Demographics for Perceived Self Agency Levels

Negative or
Positive
Low Perceived Perceived Self
Self Agency
Agency
(n=5)
(n=13)
Race
American Indian or Alaska Native, Black, Other
Asian
Black or African American
Other
White
Household Income
Less than $20,000
$20,000 to $50,000
$50,000 to $100,000
$100,000 or more
Refused to answer
Education
Less than high school or GED
Highschool diploma or GED
Some college
Bachelor's degree
Postgraduate degree
BRIEF HL Score (Adequate)
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p-value
0.6

0 (0%)
0 (0%)
4 (80%)
0 (0%)
1 (20%)

1 (8%)
1 (8%)
5 (38%)
1 (8%)
5 (38%)
0.14

2 (40%)
1 (20%)
1 (20%)
0 (0%)
1 (20%)

1 (8%)
2 (15%)
7 (54%)
3 (23%)
0 (0%)
0.36

0 (0%)
1 (20%)
1 (20%)
2 (40%)
1 (20%)
1 (20%)

1 (8%)
0 (0%)
2 (15%)
3 (23%)
7 (54%)
10 (77%)

0.093

Supplemental Information for Chapter 4
Table 4.2S: Apter's Numeracy Demand Hierarchy

Numeracy Element

Level of Participant Mastery
Required
Describe

Reading numbers, counting, telling time
Arithmetic operations
Estimation of size, trend
Frequency
Percentage
Problem-solving & inferring the mathematical
concepts to be applied
Logic
Reading tables
Reading graphs
Reading maps
Estimation of error, uncertainty, variability
Relative vs. absolute
Risk (cumulative, relative, conditional)
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Interpret

DecisionMaking

Figure 4.1S: Example of CRESSH Home Study Report

All text and numerical components in red font were tailored to each participant’s data using the
MCR tool (135)
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