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Abstract
Developing and Validating a Trust Assessment Scale to Evaluate Trust in Public Health
Authorities and Extreme Heat Guideline Perceptions

Riley Ann Achtemeier
Chair of the Supervisory Committee:
Resham Patel

Department of Environmental and Occupational Health Science

In the summer of 2021, the Pacific Northwest (PNW) experienced a record-breaking
“heat dome” that severely strained public health systems and disproportionately impacted
vulnerable populations. While trust in public health authorities (PHAs) is known to influence
disaster response and resource use, little research has examined trust in the context of extreme
heat events (EHEs) guidelines. This study addresses that gap by assessing the face validity of an
adapted survey tool to measure public trust in PHAs and acceptance of EHE guidelines. To adapt
an existing survey, a literature review was conducted on existing EHE guidelines to develop
themes and questions proposed to a discussion group. Questions were refined through a second
discussion group resulting in eight finalized questions, those eight questions were combined with
12 PHA trust questions and demographic questions to create the adapted Trust in Public Health
Authorities (TiPHA) questionnaire. The adapted TIPHA questionnaire was administered to six
focus groups with 29 participants from Multnomah County, OR, King County, WA and
Vancouver, BC to assess perceived clarity, accuracy, difficulty, length, and bias through
facilitated discussion. The focus groups were professionally transcribed, and a content analysis
was conducted. Overall, the adapted TIPHA questionnaire was found to be generally clear in

format and question clarity, with minimal bias, and of appropriate length. However, minor



revisions were needed for specific questions and questionnaire elements, including definitions
for key terms. This research begins to fill the gap for trust in PHAs and their climate-related
hazard guidance, which will equip PHASs to assess if trust impacts adherence to EHE guidance

and thus how to best deploy EHE communications to improve health outcomes.
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Background.

The Pacific Northwest (PNW) is a temperate region with high annual rainfall, an average
August temperature of 74°F and historically little need for air conditioning (AC).! The American
housing survey shows that Seattle, the second largest city in the PNW, is one of the U.S. cities
with the least in-home AC, with just 844,000 out of ~1,650,246 housing units in Seattle
metropolitan area containing primary AC and 375,000 with central AC in 2021.? With limited
central AC across the region and the increasing incidence of heatwaves during the summer
months the health risk is high. Two different climate models predict that the PNW will have
more extreme heat events (EHEs) and increase in summer average temperatures in the second
half of the 21° century.®* In the summer of 2021, it was 30°F hotter than the average
temperatures of June, July, and August across the last 10 years.’

In late June of 2021, the PNW experienced an unprecedented, historic weather event
characterized by a sprawling ridge of high pressure that led to an intense and prolonged
heatwave, known as the "heat dome."® The heat dome set numerous temperature records, causing
severe impacts across the states of Oregon, Washington, and parts of British Columbia. Daytime
temperatures reached 120°F, well beyond the typical June daily high temperature of 72°F for the
PNW.” Additionally, nighttime temperatures remained unusually high, preventing homes from
cooling off at night.® The shear length of the heatwave, spanning 27 days, exacerbated the overall
impact on communities’ health and infrastructure.’

One of the most significant consequences of the 2021 heat dome was its adverse effect on the
health of residents. Officials in British Columbia estimated 580 excess deaths — the number of
deaths beyond the expected number of deaths in a timeframe — and both Oregon and Washington

states reported at least 100 deaths from heat, respectively.!®!! Furthermore, a study from the



University of Washington assessed injury deaths from 2014 to July 2021 and found that the 3-
week period following the heat dome had 159 excess deaths compared to similar weeks in
previous years.'? The authors synthesized other data to hypothesize that the deaths could be from
behavior or psychological changes, or injuries related to increased temperatures. National Public
Radio reported that during one particular day of the heat dome, a total of 1,038 people across
Oregon, Washington, Idaho, and Alaska went to the emergency room for heat-related illness —
1,029 more than the previous year.!! Hospitals and emergency services experienced an influx of
patients with heat-related illnesses, including heat exhaustion and heatstroke. >!*!> However,
there could have been more heat-related deaths than originally counted. Weinberger et al. used
individual level data and weather data for 297 counties from 1997 and 2006 to see how many
excess deaths occurred because of EHEs. Their research found an average of 5,608 deaths per
year were attributed to heat, far more than Center for Disease Control and Prevention’s (CDCs)
estimate of 658 per year.!®!7 When applying these findings to the heat dome, it could indicate
that there were deaths categorized as a pre-existing conditions that were ultimately a result of
heat exposure. Which would increase the total number of excess deaths.

The heat dome disproportionately impacted vulnerable populations, including older adults,
unhoused people, and those living in heat islands — areas that are disproportionately warmer
because of the built environment — than surrounding areas.!®!®-22 During EHEs and moderate
heat events there is an increase risk in mortality from cardiovascular, respiratory, infectious, and
digestive system diseases, diabetes, and mental and nervous system disorders.?® Past literature
has highlighted that the risk of heat-related mortality is highest among infants in their first week
of life, older adults, women, widows, individuals with medical conditions, and those residing in

nursing homes or healthcare facilities.?*>** The greatest health effects have been observed in



cities with milder summers, lower prevalence of AC, and higher population density, and among
people of color.?>?® Beyond the health effects of the heat dome, the extreme temperatures
strained existing infrastructure, leading to power outages that increased demand for cooling
facilities and backup infrastructure, such as generators.?” Addressing these challenges requires
collaboration among non-governmental organizations, local and regional governments, and
communities historically excluded from emergency outreach by public health authorities
(PHAs).?®

The 2021 heat dome prompted coordinated public awareness campaigns from local
governments, emergency services, and community organizations to educate residents on the
importance of staying hydrated, seeking cool shelter, and checking on vulnerable neighbors.?*-°
Cooling centers were established to provide refuge for those without access to AC.>'*2 Even
with this coordinated response, the death toll indicates how unprepared the PNW was for this
EHE.

The 2021 heat dome brought together academia, government, and community organizations
for discussions, and analysis of PHAs response during the heat dome, and the development of
preparedness plans for future EHEs in the PNW.?? The University of Washington (UW), in
collaboration with Multnomah County, OR; King County, WA; and Vancouver, BC, led
initiatives including the Collaborative on Extreme Heat Events (or the Collaborative) to address
EHEs in PNW cities.*® Established in 2023 with support from UW, the Collaborative provided a
platform for PHAs from Seattle, Portland and Vancouver to exchange 2021 heat dome
experiences and share forward looking strategies for addressing EHEs.* The Collaborative
aimed to build partnerships and explore innovative solutions to improve public health and

community resilience. From 2023, the Collaborative co-developed an action and research agenda



through four webinars and one three-hour workshop with 60 attendees representing federal, state,
and local public health agencies, academia, emergency management and other government
agencies, housing organizations, Indigenous organizations, and health care coalitions. The
diverse group allowed for interactive brainstorming sessions and breakout rooms for direct
engagement.>* During the workshop, the group discussed potential action, policy, and research
initiatives. Research initiatives identified included; effective coordination efforts and ways to
evaluate them, ways to reach communities, effective strategies for risk communication, and how
a community responds to and perceives heat and health.>* Taken collectively, these research
ideas underscore the need for additional evidence to support local health jurisdictions to provide

trusted communications to reduce public health risk during future EHEs.

Literature Review.

TRUST IN PHAS. Trust in PHAs can be defined as the belief in the competence, transparency,
and integrity of institutions or individuals responsible for managing public health “even in the
absence of scrutiny.”*>*® Trust in PHAs shapes how communities respond to health crises and
emergencies.>®#* In the United States (U.S.), trust in the federal government has been studied
since 1958 in the “National Elections Study” at which time trust was highest at 75% of U.S.
voting individuals.*> However, since 1958, government trust has declined to 50% through 2001
and then declining even further to 25% through the last survey administered in 2024.% This
trend has been observed internationally, with prior studies—mostly using surveys—showing low
levels of trust in governments during public health emergencies, particularly among people of
color. For example, a quantitative Likert survey of 1,545 people in Monrovia, Liberia during the
2014-15 Ebola epidemic found that only 24% of respondents expressed general trust in the

government, while 73% trusted international non-governmental organizations (NGOs),



indicating a lower level of trust in PHAs for Monrovian people in comparison to NGOs.*?
Similarly, during the HIN1 pandemic in the United States, a survey of 1,543 respondents
revealed a mean government trust score of 2.30 on a 4-point scale, indicating low overall trust,
particularly when asked about government's commitment and ability to protect individuals.*® The
decline in public trust has only worsened since the onset of the COVID-19 pandemic in 2020.47~
59 In the U.S., both Democrats and Republicans have reported reduced trust in the government's
handling of the COVID-19 crisis, with a notable 15% decline in vaccine trust among
Republicans.*’ Distrust during the COVID-19 pandemic impacted health outcomes, with
countries with higher trust in their government experiencing fewer cases and fatalities.>!

Trust in PHAS can be significantly shaped by unmet expectations from past disaster
responses and further eroded by socio-demographic disparities such as age, gender, race and
socioeconomic status.’?>* Growing income inequality has also contributed to this erosion,
particularly among marginalized populations.*® Research shows that people who are younger,
those with less education, and people of color are more likely to report lower trust in local health
officials.’* Studies on the factors that determine trust highlighted that marginalized groups,
particularly African Americans, tend to be more distrustful of institutions, often due to negative
experiences such as discrimination.>>-® This lack of trust in PHAs is concerning because
marginalized groups are at increased risk of adverse health events and impacts from EHEs.
Additionally, marginalized populations are more likely to be exposed to disaster.>’>% A 2021
report from the Environmental Protection Agency found that Black individuals are projected to
face disproportionately higher health risks from climate change, including increased risk of
EHE-related deaths.>® Therefore, with increased incidence of extreme weather events and

disasters, trust in public health is needed for equitable emergency response.



INDIVIDUAL TRUST. Trust is important for adherence to public health guidelines, as residents
who trust PHAs are more likely to view information and protocols given by PHAs as credible
and reliable.®® A study of 1,010 Italian residents aged 18 and older, conducted during the HIN1
pandemic, revealed that trust in both the media and health ministry significantly influenced
resident adherence to recommended health behaviors.®' Another study, conducted in the United
States during the first wave of the HIN1 pandemic, surveyed 1,543 adults and found that trust in
PHAs correlated positively with vaccine acceptance.* Similarly, in the Democratic Republic of
the Congo, low institutional trust and widespread misinformation hampered the adoption of
Ebola prevention behaviors, including vaccination.®? Similarly, a survey of 1,545 individuals in
Monrovia, Liberia, during the 2014-15 Ebola epidemic found that increased trust in the
government increased compliance to social distancing measures and safe burial practices.*?
Additionally, the authors found that those who contracted Ebola had less trust in PHAs, creating
a cycle of distrust and non-adherence.*> Government neglect of those who live in Kenyan slums
resulted in government mistrust prior to the COVID-19 pandemic which undermined pandemic
preparedness and public health guideline adherence.®® The 2009 HIN1 pandemic, the Ebola
outbreak in West Africa, and COVID-19 pandemic all illustrate that low levels of individual trust
in PHAS can significantly hinder compliance with public health recommendations, early warning
efforts, and preventive measures, ultimately leading to more avoidable deaths.

TRUST IMPACTS ON COMMUNITY RESILIENCE. Greater trust in PHAs fosters resilient
communities that are better prepared for public health emergencies.**** A qualitative study
conducted in April 2016 with 38 residents of Chafiaral and Diego de Almagro, Chile, revealed
that trust in PHAs played a role in fostering bonding and social capital during disaster response,

recovery, and reconstruction phases.®> However, Chilean residents without trust in PHAs resulted



in poor communication and resource distribution, which hindered community collaboration and
weakened resilience after flooding and mudflow disasters.®> Similarly, 193 interviews, 8 focus
groups and 4 case studies conducted in villages affected by the 2013 cyclones in Bangladesh
demonstrated that favoritism of aid distribution and corruption eroded trust, leading to
community conflicts and slower recovery.®¢

In communities with high trust in government, individuals are more likely to assist one
another by sharing resources and providing shelter, financial support and emotional aid. A 2015
survey of 3,666 Southern Indiana residents who experienced deadly tornadoes showed that those
with higher trust in their government officials had a quicker recovery compared to those with
low trust in government.®” Additionally, a peer review of 40 articles found that high levels of
community trust expedite recovery efforts, which emphasizes that trust in PHAs is essential
across all disaster management phases, promoting adherence to health programs and enabling
effective response and recovery.*” Trust during crisis — such as disasters or public health
emergencies — promotes adherence to health programs, mobilizes resources for surveillance and
support, and enables more effective response, recovery, and risk mitigation.®
TRUST IN PHAS SURVEYS. Due to low trust in PHAs, research has increasingly focused on
understanding trust and its implications for public health. A systematic review of 68 articles
published in 2021 found there are notable gaps in trust research, including missing vulnerable
populations, longitudinal studies, analysis of mass media and personal networks interactions, and
integrative model building and theory development.®® Of these 68 articles, this research team
could access 40 full articles. The remaining 28 articles were inaccessible because they were not

in English, or the full paper was unavailable. Of the 40 full articles reviewed, there were 20



quantitative-descriptive surveys, 2 mixed methods with a quantitative survey, 10 qualitative
studies, and 8 mix methods/case studies focused on public trust in PHAs.%

Additionally, of the 20 quantitative-descriptive surveys, only 9 discussed the validation
process of their instruments, and 9 retested or reused past trust scales. Increased use of validated
survey tools across contexts and communities is needed to support the development of the
evidence based related to trust in public health, including its determinants. Validation ensures the
reliability and accuracy of the instruments used, and retesting scales is needed to measure trust
consistently across studies. Reviews also highlighted that many studies using trust-related
measures have not reported psychometrics or demonstrated evidence of validity. *7%"!
Furthermore, 14 of the 20 studies provided their survey or interview questions. Without
transparency and availability of research questions, other researchers or PHAs cannot replicate
the survey in their jurisdiction.

Of the 22 quantitative surveys, the average length was 29 questions. The field requires
measurement tools that are both brief and capable of effectively capturing the multidimensional
nature of trust-related constructs. While the surveys focused on the effects of trust and health
events, none focused on EHEs and trust, which is a notable gap given the rise in global impacts
experienced from climate change. This highlights the need to develop a tool for environmental
disasters, such as EHESs, that can measure trust routinely in a simple, quick, and resource-
efficient manner.

TRUST IN PUBLIC HEALTH AUTHORITIES SCALE (TTPHA): SUMMARY OF EXISTING
SCALE. During the COVID-19 pandemic, researchers at Johns Hopkins University developed a
questionnaire to gauge public trust in PHAs and vaccine hesitancy. Their research was in

response to the increase in anti-vaccination discussions in politics.>* The researchers highlighted



that although trust has been measured in various domains including government, healthcare
providers, and insurers, there was no established, validated scale to identify levels of trust in
PHASs. Their study sought to fill a gap in public health research by providing a validated measure
of trust that could inform strategies to improve public compliance with health recommendations,
such as vaccine acceptance.’* It aimed to develop and validate the original TiPHA questionnaire,
which is designed to assess the U.S. population’s levels of trust in PHAs, identify how this trust
varies across demographic groups, and explore its associations with vaccine attitudes,
particularly vaccine acceptance or hesitancy.

Original TiPHA developers first identified content domains for measuring trust in PHAs
based on a review of existing literature on trust in government, risk communication, and vaccine
acceptance. Ten key trust domains were selected: beneficence, efficiency, innovation,
objectivity, competence, equity, transparency, responsiveness, accuracy, and integrity. From
these domains, a 20-item survey using a 4-point Likert was created, with six items adapted from
previous studies and 14 newly developed.>* A Likert rating scale can be used to understand the
participant's motives and attitudes, extrapolating from a set of agree and disagree statements.’’ In
addition to trust-related items, their survey collected demographic data such as gender, age,
education, income, race and parental status. The researchers conducted a pretest with 131
individuals and interviews with 20 individuals by phone, resulting in revisions to improve clarity
and response accuracy.

The final survey was administered to 1,925 adults in early 2020 through Qualtrics, an
online survey platform, with the sample designed to match the U.S. demographic profile. The
final survey was used to assess both the original TIPHA questionnaire’s trust domains and for

final data analysis to answer their question on how trust in PHAs impacts vaccine acceptance and



vaccine guidelines. They found that of the original TIPHA questionnaire’s trust in PHA domains
(beneficence, efficiency, innovation, objectivity, competence, equity, transparency,
responsiveness, accuracy and integrity), beneficence and competence best conceptualized trust in
PHAs. Beneficence (accounting for 64% of the variance) includes items related to PHAs helping
the public and using resources efficiently, while competence (accounting for 36% of the
variance) covers items related to information sharing and problem-solving by authorities.’* The
reliability of these domains was strong, with Cronbach a values — a measure of how reliable the
scale is — of 0.92 for beneficence and 0.87 for competence out of 1. The validity analysis
confirmed that beneficence and competence domains fit the data better than the other domains.
This was confirmed with better fit compared to the one-, three-, and four-domain models, with
superior fit statistics: a lower Root Mean Square Error of Approximation (RMSEA) value
(0.000), higher Comparative Fit Index (CFI) value (0.987), higher Tucker-Lewis Index (TLI)
value (0.985), a lower Standardized Root Mean Square Residual (SRMR) value (0.019), and a
significant chi-square improvement.>* These results created the final 14-item trust in PHA
questions, reducing the trust in PHA questions from 20 to 14.

These 14 trust in PHA questions were then compared to the vaccine adherence and
acceptance questions by first grouping individuals into high or low trust categories using only the
14 PHA items from the original TiPHA questionnaire. Each respondent’s answers were summed
to create an overall trust score, and the median score was used as the cut-off point: those scoring
above the median were categorized as having “high trust,” while those below were categorized
as having “low trust,” turning trust into a binary variable. To assess the prevalence of trust across
the population, they used descriptive statistics to observe general trends and Pearson’s chi-square

tests to determine whether differences in trust were statistically significant across subpopulations



such as race, age, or gender. They then conducted multiple logistic regression analyses to
examine whether individuals' vaccine-related attitudes, beliefs, and acceptance were associated
with their level of trust in PHAs, controlling for demographic factors like gender, income,
education, race, age, geographic region, and parental status. Finally, they ran both adjusted and
unadjusted odds ratios for each vaccine-related question, comparing responses based on high or
low trust levels to further evaluate these relationships. They found that trust in PHAs highly
associated with adherence to vaccine recommendations.

However, TiIPHA study authors note several limitations, and suggest that the scale
requires further validation to capture its application to different types of PHAs and use among
groups with lower levels of trust. For example, the current tool may not fully capture variability
in trust across different types of PHAs, such as local health departments versus national bodies
(e.g., CDC), since the scale did not differentiate between types of PHAs. Moreover, the pretest
was subject to selection bias due to the online nature of the survey, which may have excluded
participants with lower trust in public health. They also suggest that future research should
explore how trust relates to adherence to other public health recommendations, such as social
distancing or handwashing during the COVID-19 pandemic.>*

RESEARCH RATIONALE. The original TIPHA questionnaire provides a tool that can be
used in future research on trust in public health authorities and can help guide interventions
aimed at improving trust and public adherence to health guidelines. However, additional research
is necessary to adapt this tool for EHE guidelines, rather than vaccination for SARS-CoV-2. As
temperature rise and frequency of EHEs increase in the PNW, a simple, effective and low-cost
measure is needed to assess trust in programs responding to EHEs. Building on the original

TiPHA questionnaire, this study sought to refine, and face validate a 14-item adapted TiPHA



questionnaire for use in EHEs. Specifically, we aimed to develop and validate a simple, low-cost,
systematic tool to assess public trust that can be used by PHAs facing EHEs. Following
adaptation, the scale was evaluated through focus groups with residents from Multnomah
County, OR; King County, WA; and Vancouver, BC.

This adapted tool can support how PHAs evaluate the effectiveness of programs
designed to build EHE-related trust, assess trust’s association with adherence to EHEs public
health recommendations, and investigate the factors that influence trust across different
demographic groups. The findings from this research could be used across multiple sectors to
understand current impacts of trust in PHAs on EHEs guidelines, or recurrently to see how
changes to EHE guidelines or outreach to groups with low trust changed adherence to EHE

guidance.

Methods.

This qualitative study involved two virtual discussion groups with two representatives
from each of the three health departments leading the Collaborative to co-create heat questions
for an adapted TiPHA Questionnaire on trust and EHE guideline perceptions and compliance.
Discussion groups can be used in qualitative research method to engage stakeholders in the
decision-making process in research, rather than as research subjects that produce data.’””
Following this co-creation process with members of the Collaborative, we held six virtual focus
groups to gather feedback on the adapted questionnaire. Each focus group was composed of four
to six residents from Multnomah County, OR, King County, WA and Vancouver, BC The focus
group discussions were transcribed, coded, and summarized using qualitative content analysis

methods.”?



STUDY LOCATION. The selected study locations—Multnomah County, OR; King County, WA
and Vancouver, BC— offer a diverse representation of demographics, rural and urban areas,

experience with EHEs, employment opportunities, and perspectives from two countries.

Table 1. Study location demographics and information’*"

Multnomah County King County Vancouver, BC
County Size 466 mi?, smallest by 2,116 mi? 44 .39 mi?
geographic size in Oregon
Population 815,428, largest 2,269,675, including the | 2,642,825
population in OR City of Seattle
Median Age (yrs) 39 38 42
Top three Languages | 82% English 69% English 85% English
Spok
poken 9% Spanish 7% Spanish 14% Cantonese and
Mandari
5% Asian and Pacific | 5% Cantonese and andarin
Islander languages Mandarin 9.2% Punjabi
Median Household $83,583 $120,824 $90,000
Income
Percentage of 12.9%, concentrated 8.8%, concentrated among 14%

Residents living in
Poverty

among those 65 and older

those under 18

Racial Composition

66% White, 13%
Hispanic/Latino, 8%
Asian, and 6%

56% White, 20%
Asian, 11%
Hispanic/Latino, and

46.2% White, 45.9%
Asian, 1.6% Latin
American, 2%

Black/African 7% Black/African Aboriginal (1.3%
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STUDY LOCATION: PUBLIC HEALTH SYSTEMS.

HEALTH & HUMAN SERVICES (HHS)
provides funding, policy guidance, and coordination,
particularly during health emergencies, working with state and
loeal agencies to respond to pandemics, natural disasters, and
bioterrorism threats
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Figure 1a. US Public Health System
Canada’s public health system operates at federal,

provincial, and local levels (Figure 1b).

PUBLIC SAFETY CANADA
(PscC)
coordinates federal
response to
emergencies, funding,
and policy
development

U.S. Public Health System.3*% The U.S. public
health system operates at federal, state, and
local levels, focusing on disease prevention,
health promotion, and emergency preparedness

rather than direct medical care (Figure 1a).

PUBLIC HEALTH AGENCY OF CANADA
provides funding, coordination, and guidance, particularly
during health emergencies, working closely with provinces and
local authorities to respond to pandemics, natural disasters, and
other crises

!

PROVINCIAL HEALTH AUTHORITIES INDIGENOUS SERVICES CANADA
(PHAS) _(1IsC) ,
maintaining regional response manage their own public health
plans for disease outbreaks and programs through Tribal
environmental hazards ' Councils, Indigenous-governed
health authorities, or self-
determined health services

STATE DEPARTMENT OF HEALTH
(HOME RULE)
maintain emergency preparedness
plans to coordinate disaster
response efforts

|

REGIONAL HEALTH AUTHORITIES
(RHAS)
coordinates with other counties
and the city, assist in policy
development, and funding

Figure 1b. Canadian Public Health System

PROCESS DIAGRAM. A process diagram is a visual representation that illustrates the

sequence of steps in a particular process. For this research, it helps clarify the first and second

sections of this research by showing how different components of the research are

interconnected.
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PART 1: EHE QUESTION DEVELOPMENT. Prior to starting adaptation of the adapted

TiPHA questionnaire, we met with the Collaborative to gauge the level of interest in a

questionnaire on trust in PHA during EHEs (Figure 2a). Based on their interest, we amended the

second half of the original TiPHA questionnaire from questions concerning SARS-CoV-2 to

EHEs.>* The eight questions in the original TiPHA questionnaire related to SARS-CoV-2

vaccine acceptance, hesitancy, attitudes, and beliefs were adapted to address EHEs guideline

acceptance, hesitancy, attitudes, and beliefs. In addition to those eight questions, the

questionnaire includes six demographic questions, and 14 trust questions.

To effectively amend the eight questions, we first conducted a literature review. The literature

review involved a systematic search of studies related to EHEs (Figure 2a, Figure 3). The initial

search consisted of "extreme
heat," "heat wave," or
"excessive heat," combined
with "survey" or
"questionnaire." A follow-up
search was conducted querying
for "risk perception" or
"information." Relevance was
first assessed by reviewing
study titles to check if EHE
terms combined with “survey”

or “questionnaire” were

Systematically search
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mentioned. The abstracts of 53 studies were reviewed to see if they mentioned EHE and survey
or questionnaire, 20 studies were removed. 33 papers were read and there was removal of five
studies for not being primary research, six for lacking complete surveys, two for focusing on
medical symptoms, five for targeting medical staff instead of the community, one for addressing
urban planning, and one due to inaccessible content (Figure 3).

Twenty-two of the studies included

Figure 3. Flow diagram of the literature review in part 1

survey questions. Eleven of the studies to develop the content domains
discussed survey questions related to EHEs and residents, but the questionnaire was not publicly
available. In this case, the corresponding author was contacted to request access to the research
questions. Nine of the studies responded and provided the survey questions; six of these studies
had relevant survey questions. Therefore, a total of 28 papers were included.

A total of 113 survey questions were extracted from these papers and were then
categorized into content domains using the following groupings found in Abrahamson et al
(2009): perceptions of vulnerability, behavior change, knowledge and perceived utility of
protection measures, and perceptions of the usefulness [of EHEs plans]. Questions that did not fit

into the Abrahamson et al. groupings were placed into an “other” category and grouped

inductively afterward.®



Table 2. Content domains and descriptions

Content Domains | Description of Content Proposed Content Content Domains | Number
Domains Domains for Selected by of
Discussion Group Discussion Group | Proposed
Questions
Perceptions of Measures the individual's Yes Yes, specified to 3
vulnerability to the | perceived threat from an EHE, “Is heat a health
adverse effects of | including why there are EHE concern?”
heat®® & beliefs on | events, if EHE is a concern,
EHE and if EHE relates to climate
change.
Knowledge and Measures the individual’s Yes Yes, specified to 3
perceived utility of | knowledge about protective “Do you think
protection measures provided to the public health
measures provided | community and whether they authorities are
for people living in | view the measures as helpful. (un)prepared?”
the community86
Information Measures where the individual | Yes Yes, specified to 3
seeking during a finds their information during “What types of
heat emergency an EHE, and if that is different messaging will
than everyday information increase/decrease
seeking. trust for EHE for
the residents?”
Behavior change Measures the individual’s Yes No N/A
during a heat behavior change during an
waveSt EHE regardless of public
health guidelines.
Adherence to EHE | Measures the individual’s Yes No N/A
guidelines awareness of EHE guidelines
and whether they follow them
via their actions.
Perceptions of the | Measures the individual’s No, this study does N/A N/A
usefulness of other | thoughts on an EHE plan. not ask about EHE
components of plans.
[EHE plans]”
Knowledge of EHE | Measures the individual’s No, content domain | N/A N/A
symptoms and Risk | understanding of medical does not have a trust
groups symptoms related to EHE and | impact relationship.
who is most at risk.
Experience with Measures the individual’s No, content domain | N/A N/A

EHE symptoms

experience with EHE

does not have a trust
impact relationship.




symptoms for themselves or
when responding to others.

Perceived Measures the individual's No, content domain N/A N/A
Experience with thoughts on whether they think | does not have a trust
EHE they have experienced EHE. impact relationship.

Included a question
in the background

Vulnerability Measures the individual’s No, content domain | N/A N/A
Assessment potential vulnerabilities to does not have a trust
EHE. impact relationship.

After grouping questions into content domains, content domains that did not pertain to
beliefs or behaviors were excluded, such as domains related to vulnerability assessment rather
than trust (Table 2). The final set of five content domains was proposed to a discussion group
made up of two representatives from each of the three PHAs that lead the Collaborative. The 20-

minute session was hosted on Zoom®

, a video conversation platform, and was held in early
October 2024. Questions were amended based on the expertise of the group members.
Developing Heat Questions. The discussion group identified the following content
domains based on importance for PHAs' knowledge: beliefs on EHE, information seeking during
a heat emergency, and knowledge and perceived utility of protection measures. Although there
was not a formal process for selecting the top content domains, through facilitated discussion, the
group highlighted which domains answered questions they most wanted to know. In the October
meeting, they refined each content domain to address relevant overarching questions (Table 2).
In a November meeting, three questions each from the first two content domains and two
questions from the last content domain were proposed to the discussion group. Questions were
developed by identifying and synthesizing relevant questions from the literature review. Each of

the eight questions proposed was asked in two different ways to help the discussion group think

about word choice and phrasing (Table 4).




Demographic questions. The original TiPHA questionnaire included six demographic
questions and 14 trust questions. For this research, the trust questions were not amended.
However, three demographic questions were changed (Table 3). While the specific demographic
questions included in the original TiPHA questionnaire were not published, general domains and
answer options were published. The question included in the original TIPHA questionnaire
regarding participants' race and ethnicity was updated to “What race(s) or ethnicity(s) do you
consider yourself to be?” (Table 3). The potential answer options were expanded to include
Latino/a/x/e, and Middle Eastern or North African. A question on experience with EHEs
replaced the question regarding parental status. Parental status was necessary to stratify vaccine

questions in the original TIPHA questionnaire and was deemed not relevant for EHEs (Table 3).



Table 3. Demographic Questions

Original TiPHA Scale Question

Amended Question

Age: What is your age range?
e 1824 years e 18-24
e 25-34 years o 2534
® 35-44 years ° 3544
e 4554 years ° 4554
e 55-64
® 55-64 years ® 65 years or older
® (5 years or older
Race: What race(s), or ethnicity(s) do you consider yourself
e  White to be? (Select all that apply)
e Black e  White or Caucasian (European
e American Indian/Native American American)
® Asian Black or African American
e Native Hawaiian or Pacific Islander American Indian or Alaska Native
e Not reported o Asian (East Asian, Southeast Asian,
Asian American)
Ethnicity: ) ) e Native Hawaiian or Pacific Islander
* H1span.1c ) e Hispanic or Latino/a/x/e
¢ Non-Hispanic e Middle Eastern or North African
e  Self-identified race or ethnic origin

not listed (please specify):

Household Income:
e Under $49,999

e $50,000 — $99,999508
e $100,000 —$149,999236
e $150,000 or more

What is your yearly household income?

e  Under $49,999

e $50,000-$99,999

e $100,000-$149,999
e $150,000 or more

Education:
e Some high school or graduate

e Some college or college graduate
® Post-graduate

What is the highest level of education you have
completed?

o Some high school or graduate
e Some college or college graduate
e Post-graduate

Parent Status:
Not a parent

At least one child <10 years of

At least one child 11-17 years of age
At least one child aged 18 or older
Not reported

Have you ever experienced a heat wave?

e Yes
e No
e Maybe

Discussion group. Once initial questions were developed as described above, the full

questionnaire was sent to representatives from the PHAs leading the Collaborative. In

November, the Collaborative met via Zoom® for 30-40 minutes for a second discussion group




(Figure 1b). The discussion group was used to get feedback on the face validity of each question,
or the way the question was posed, to ensure it accurately captured the intent of the question.®’
The researcher (RA) asked discussion group participants about the questions’ relevance,
clarity, perceived offensiveness, accuracy, grammar/syntax, and potential opportunities to
introduce bias.®” The complete set of questions proposed to the discussion group can be found in
Table 4. Detailed notes were taken during the discussion to inform subsequent modifications to
the question(s)/instrument.® Discussion group feedback, alongside changes made in response,

are detailed in Table 4.



Table 4. Eight EHE questions refinement

Proposed Question
(Original)

Discussion Group Feedback Summary

Revised Question (After
Discussion Group)

Research Team Feedback Summary

Revised Question (After
Research Team
Discussion)

1. T am concerned
[afraid/worried] about the
health risk [health problems]
associated with heat waves.

-The discussion group thought the question was effective and approached the
topic well.

-The discussion group preferred concern or afiaid are over worried.

-The discussion group preferred the italicized text over [brackets].

T am concerned about the
health risks associated with
heat waves.

-The research team had no additional comments.

I am concerned
about my health
during heat waves.

2. I do not think heat will
cause me harm [hurt me].

-The discussion group preferred italicized text over [brackets].

-The discussion group thought prospective participants may not perceive
themselves at risk but believe others are.

-The discussion group thought we should consider framing statements
regarding "in my community."

-The discussion group considered differentiating between general harm (e.g.,
wage loss) and specific health-related harm.

-The discussion group emphasized that health-specific harm is a good point to
clarify the focus.

I do not think heat will
harm the health of people in
my community.

The research team recommended revising this question
to shift focus from the individual to the community
because people tend to underestimate their personal
risk.

-The research team recommended splitting into two
questions: individual risk and community risk.

-The research team consistently recommended using
“heat waves” (vs heat) throughout the survey.

2.1 do not think heat
waves will harm the
health of people in my
community.

3. Public health authorities
are prepared to address
[ready to help] the needs of
populations at risk (e.g.,
people who are elderly, low-
income, houseless) during
heat waves.

-The discussion group had no comments or suggestions.

Public health authorities are
prepared to address the
needs of populations at risk
(e.g., older adults, low-
income, houseless) during
heat waves.

-The research team recommended changing from
"those who are elderly" to "older adults" for more
inclusive language.

3. Public health
authorities are
prepared to address the
needs of populations at
risk (e.g., older adults,
low-income, houseless)
during heat waves.

4.1 am confident in the
ability of public health
authorities to respond
effectively to heat waves.
OR I feel confident that
public health authorities can
help during heat waves.

The discussion group preferred the second option because the term “help” was
better than “respond effectively.”

I feel confident that public
health authorities can help
during heat waves.

-The research team thought the question was vague but
is reflective of the discussion group’s suggestions.

4. 1 feel confident that
public health
authorities can help
during heat waves.

5. Public health authorities
communicate effectively with
the public [share important
information with people]
about heat wave risks and
how to stay safe.

-The discussion group thought the question "Do you feel well informed on
extreme heat?" could fit within the demographic section.

-The discussion group preferred the bracketed version.

-The discussion group thought it was unimportant if communication comes
from public health authorities, but general "Authorities" could encompass
public health, public safety, emergency response, weather services, and local
news sources.

Authorities share important
information with the public
about heat wave risks and
how to stay safe. OR
Authorities share important
information with the public
that make me feel informed
on extreme heat.

-The research team thought the current wording
"authorities" is broad and may be interpreted as law
enforcement rather than public health (PHA).

-The research team recommended defining the
acronym PHAs early on.

The research team thought this question overlapped
with Q7, but this question focuses on information
shared, whereas question 7 focuses on information
received.

5. The information that
public health
authorities share with
the public makes me
feel informed about
heat waves.

6. Public health
communication [the
information from public
health officials] during heat
waves is relevant to my
culture and way of life.

-The discussion group preferred the bracketed version.

-The discussion group thought it was unimportant if communication comes
from public health authorities, but general "Authorities" could encompass
public health, public safety, emergency response, weather services, and local
news sources.

The information from
authorities during heat
waves is relevant to my
culture and way of life.

-The research team thought the current wording,
"authorities," is broad and may be interpreted as law
enforcement rather than public health (PHA).

6. The information
from public health
authorities during heat
waves is not relevant to
my culture.




7. 1t is difficult to distinguish
between facts and fiction in
heat warnings. OR It is hard
to tell what is true and what
is not in heat warnings.

-The discussion group thought the second question option was better.

- The discussion group wanted information about behavior modification to
understand when a heat warning is needed, or if public health communication
is too alarmist nor insufficient.

The information from
authorities I hear during a
heat wave is not too
alarming nor insufficient.

-The research team thought the revised question is
interesting but differs from the original focus on
fact/fiction or true/not.

-The research team thought the new version is double-
barreled, addressing both alarming-ness and
sufficiency.

-The research team recommended reverting back to the
original question to align with the survey goal or split
the question into two to address the discussion group’s
input.

7. The information
from public health
authorities is sufficient
in order to take action
during heat waves.

I can see myself
adopting at least one
of the
recommendations
made by public
health authorities
during a heat wave.

8.1 do not go to cooling
centers because heat is not
dangerous [1 do not think
heat is dangerous] for me.

-The discussion group thought this question required high engagement or
literacy about heat and health harms, which may not be true for all
participants.

-The discussion group thought some may not be aware of cooling centers or
receive related messages.

-The discussion group thought the double-negative structure was confusing;
consider rephrasing or striking it altogether.

-The discussion group thought we should broaden the "cooling centers"
concept to include other resources like spray parks.

-The discussion group thought more precise phrasing, such as "Cooling
centers are intended for people like me," might improve clarity.

-The discussion group thought it could be challenging to interpret responses
due to diverse reasons for disagreement (e.g., awareness, beliefs about heat
dangers, personal usage).

-The discussion group thought the question may be too specific or less useful
due to challenges in participant understanding.

-The discussion group preferred the italicized text.

Removed question

-The research team recommended skipping the cooling
centers/risk question due to its standalone nature and
need for additional background information.




PART 2: ADAPTED TIPHA QUESTIONNAIRE VALIDATION. Focus groups of residents from
Multnomah County, OR; King County, WA; and Vancouver, BC were used to evaluate the
adapted TiPHA questionnaire and component questions for clarity, accuracy, difficulty, length,
and bias (Figure S1). There were two focus groups from each of these three geographic areas,
and each focus group included four to six participants. The number of focus groups was
determined based on prior research on saturation of new themes (i.e., code saturation) and
information (i.e., meaning saturation). Past literature has found that three to six focus groups are
needed for code saturation, and two groups per stratum are necessary for meaning saturation. %2

The focus groups began with participants completing the adapted TIPHA questionnaire from
part 1. Then they were asked a set of detailed, semi-structured questions from a facilitation guide
(Figure S2). Focus groups were conducted via Zoom® and lasted up to 70 minutes. Recordings of
the Zoom® allowed for more complete professional transcription.

IRB Proposal. In November 2024, the UW Human Subjects Division determined this
research to be human subjects research that qualifies for category two exempt status (Study
number: 00021693).%* This study was exempt because the methods used involved surveys and
interviews, and only included adults.

Recruitment. In early November 2024, participants were recruited using the UW Department
of Environmental and Occupational Health Sciences (DEOHS) social media pages on LinkedIn
and Instagram, which prompted interested individuals to answer a focus group interest form
(Figure S3, Figure S4). However, only three people responded to the focus group interest form
during this initial recruitment. As a result, in early December, recruitment was expanded to
posting on virtual boards, including Nextdoor® and Reddit® groups. On Reddit®, the same

recruitment post from DEOHS LinkedIn® was cross-posted on 1/Portland, r/PacificNorthwest,



r/KingCounty, and r/VancouverJobs, which resulted in 68 people filling out the interest form
(Figure 1c¢). In early January, the Reddit® post was cross-posted again on r/VancouverJobs to
address a need for additional Vancouver participants who met the inclusion criteria and schedule
availability. Twenty additional people filled out the focus group interest form following this
cross-post. The research team attempted to post on other Reddit® groups- r/Seattle, r/SeattleWA,
and r/vancouvercanada. However, since there was no prior engagement in those communities by
the researcher’s Reddit® account, the group moderators did not approve the post.

In total, ninety-one people filled out the focus group interest form. The focus group interest
form prompted the participant to provide their name and email address, select which of the
predetermined focus group discussion times they were available to participate in, and confirm
that they met the study’s inclusion criteria (i.e., that they were over 18 years old, were proficient
in English, their county of residence, and if they were physically present in the PNW during the
2021 Heat Dome) (Figure S4). Eighty-five out of 91 (30 Multnomah County, 34 Vancouver, 21
King County) individuals who responded to the interest form met the inclusion criteria. These
individuals were sent a follow-up optional screening form prompting zip code of current
residence, age range, race(s) and ethnicity(s), and gender identity (Figure S5). Fifty-one out of 85
participants filled out the optional screening form, 10 of which were excluded due to listed zip
codes outside the study area or conflicting zip codes between the interest form and the optional
survey (Figure 3). Additionally, four participants who filled out the optional screening form did
not fill out the original interest form and were excluded from the study. Participants were not
excluded based on any other demographic information collected on the optional screening form

besides zip code.



Figure 3. Breakdown of interest form and optional screen form engagement, where the first pie

chart is the interest form, and the second pie chart is the optional screening form.

Filled out interest form Filled out optional
screening form

m Filled out the interest form, did not meet inclusion criteria

m Filled out the interest form, did not fill out the optional screening form
H Conflicting Responses between interest form and optional screening form

H Filled out the optional screening form and met inclusion criteria

We used a two-part approach to participant selection. In the first part, we used convenience
sampling — a method where participants are chosen by location, availability, and accessibility —
to select participants who met inclusion criteria and were available during scheduled focus group
days/times. Those who met the inclusion criteria then moved to part 2 where we used purposive
sampling, a method where participants are chosen by specific characteristics or experiences, to
select a sample of participants from each of the included geographic locations (King County,
WA ; Multnomah County, OR; and Vancouver, BC) from a variety of demographic backgrounds
reflective of diversity in each jurisdiction. The 13, 12, and 12 selected participants from King

County, Multnomah County, and Vancouver, respectively, were contacted by the researcher



(RA) via email to confirm participation and share the Zoom® link. Five participants opted out
after the confirmation email was sent out, and three confirmed but did not attend.

Focus Group Facilitation Guide (Figure S2). Before the focus groups convened, a detailed
semi-structured focus group facilitation guide containing questions and potential follow-
ups/prompts was developed. The focus group facilitation guide contained questions designed to
gather participants’ feedback on the adapted TIPHA questionnaire, including their perspectives
on question clarity, appropriateness, accuracy, comprehensibility, and bias. The UW-based
research team (RA, NE, RP) reviewed this guide to ensure clarity, comprehensiveness, and flow.
While the same guide was used for all focus groups, follow-on questions/prompts were used to
explore different aspects of the guide further based on the discussion. RA facilitated all focus
groups, and notes were taken by RC, who also managed the chat function. At the start of the
Zoom® meeting, participants were asked for verbal consent to participate and for recording of the
Zoom® meeting. They then took the adapted TiPHA questionnaire and were asked questions
from the facilitation guide. Participants received a $40 gift card incentive for their participation.

Transcription. A duplicate of the video recording was made; the duplicate was shortened to
remove the researcher’s introduction and consent script and professionally transcribed by
TranscribeMe®. Each transcript was reviewed and edited by a member of the research team to
remove identifying information (e.g., names), correct any errors, remove conversational niceties,
and insert questions in brackets (e.g., [Q1: PHAs do everything they should to protect the health
of the population]).

Data was managed following UW Human Subjects Data Security Level 2 requirements
by limiting access to only the research team, protecting data through unique strong passwords,

securely storing laptops, and using private Wi-Fi connections.**



DATA ANALYSIS.

Data Familiarization. The researcher (RA) read all six cleaned transcripts and the
corresponding note-taker notes and wrote a summary memo describing the focus group
discussion. The researcher (RA) then re-read each transcript to identify key concepts related to
question clarity, accuracy, difficulty, length, and bias using a deductive approach based on the
facilitation guide. This process revealed three high-level concepts, “heat wave,” “PHA,” and
“opinions on PH trust,” beyond specific facilitation guide questions. The researcher (RA) drafted
an initial codebook from these identified concepts, organized codes into code groups, and added
descriptions, inclusion/exclusion criteria, and examples for each code (Figure S6). Another
member of the UW-based research team (RP) then reviewed the initial codebook and suggested
minor revisions to streamline the coding process (e.g., streamlining subcodes).

Co-Coding. The qualitative data analysis followed a conventional content analysis
approach, incorporating co-coding using O’Connor and Joffe’s technique.?* The researcher (RA)
used Atlas.ti to create a bundle containing the codebook along with two transcriptions (VanA,
MultA). The researchers (RA & RC) independently coded both transcripts, recording notes on
potential code additions, modifications, or areas of confusion. Afterward, both researchers (RA,
RC) merged both coded versions and met to manually review the transcripts, calculate percent
agreement for each code, and discuss any coding discrepancies. In this review, the codebook was
refined to add, remove, and merge codes. Once agreement was reached, the codebook was
updated and the researcher (RA) coded transcript KingA following the same process as outlined

above. An advisor (RP) then reviewed the finalized codebook before full coding proceeded.



Coding. The researcher (RA) applied the finalized codebook to all six transcripts,
including the three that were previously co-coded. After coding, the researcher combined codes
“overall survey” and “overall questions” due to noting the ambiguity between those two codes.
No other codes were changed or added.

Data Interpretation. Coded data was systematically organized and synthesized to draw
conclusions. The researcher (RA) summarized the content within the coded text for each focus
group. Summaries were entered into a matrix to facilitate cross-group comparisons and thematic
synthesis. In the matrix, rows corresponded to codes (e.g., question clarity, accuracy, difficulty,
length, bias), while columns corresponded with individual units of analysis (i.e., each focus
group). Within each cell, the researcher (RA) input the synthesized summaries from the contact
sheets, allowing for a structured and systematic comparison of responses across different focus
groups. This approach enabled the identification of overarching themes, patterns of agreement or
divergence among participants, and any unique perspectives that emerged within specific groups.
In this process, the researcher (RA) specifically called out commonalities and counterpoints. Key
insights that can be used to inform revisions to the adapted TiPHA questionnaire instrument were

highlighted.

Results.

PARTICIPANT DEMOGRAPHICS. In January 2025, six focus groups were conducted over
Zoom® with 29 total participants. All participants lived in the PNW during the 2021 heat dome,
were over 18 years old, and were current residents of King County (n=9), Multnomah County
(n=11), or Vancouver (n=9). The focus groups were racially, economically, and educationally
diverse (Table 5). Most participants were in the 25-40 age bracket, with some participants in the

older than 45 age brackets. Additionally, there was a higher percentage of those who identified



as Black or African American in the focus groups than match the demographics of all three

arcas.

Table 5. Demographics information

Characteristics N (%)
Age (years) 18-24 8 (28%)
25-34 12 (41%)
35-44 7 (24%)

45-54 1 (3%)

55-64 0 (0%)

65 years or older 1 (3%)
Yearly Under $49,999 5 (17%)
Household $50,000-$99,999 13 (45%)
Income $100,000-$149,999 9 (31%)

$150,000 or more 2 (7%)
Race and Black or African American 14 (47%)
ethnicity White or Caucasian 7 (33%)

American Indian or Alaskan Native 1 (3%)
Asian (East Asian, Southeast Asian, Asian American) 5 (17%)

Hispanic or Latino/a/x/e 2 (7%)
Education Some High School or High School Graduate 3 (10%)
Some College or College Graduate 15 (50%)
Post-graduate 11 (40%)

OVERVIEW.

Focus group participants generally found the adapted TiPHA questionnaire clear, the
structure appropriate, and the length acceptable (Figure S1). Participants had mixed perspectives
about the use of specific terminology, such as "heat wave" and “Public Health Authority (PHA),"
and their definitions. Participants reported limited concerns related to the adapted TIPHA
questionnaire bias in the ways questions were asked or framed. They found the adapted TIPHA
questionnaire to be balanced and contain an equal number of negatively and positively worded

questions. For the two-part survey, the first part on trust in PHAs from the original TiPHA



questionnaire and the second part on the adapted EHEs guideline questions are referred to as PH-

Q# and HW-Q#, respectively.

KEY THEMES.
Several themes emerged across the focus group discussions. Each theme is listed below,

followed by a detailed description synthesizing relevant content.

e The adapted TiPHA questionnaire is generally clear, but revisions to specific questions
(HW-Q6, P-Q3, P-Q3, HW-Q7, and P-Q4) and introductory information could improve
comprehension.

e Modifying the adapted TiPHA questionnaire format could enhance its usability, and
adding space for open-ended responses could allow for fuller insight into participants'
thoughts.

e The terminology “heat wave” and “Public Health Authority (PHA)” require clarification
through stronger definitions.

o The adapted TiPHA questionnaire maintains neutrality, though minor revisions to certain
questions could further reduce bias.

o The adapted TiPHA questionnaire length is adequate to collect relevant information, and

not too long as to cause disengagement.

The adapted TiPHA questionnaire is generally clear, but revisions to specific questions
(HW-Q6, P-Q3, P-Q3, HW-Q7, and P-Q4) and introductory information could improve

comprehension.



Across all focus groups, participants indicated that the adapted TiPHA questionnaire was
generally clear and straightforward. This perception was attributed to the use of plain language
and direct questions that were well-aligned with the topic, even with the intensity of its content.
However, certain questions were brought forward due to concerns over ambiguous phrasing,
topic relevance, question context, and repetition. Participants in two focus groups expressed
confusion about whether certain questions asked what PHAs should do versus what they
currently do and noted that their answers would change depending on their interpretation.

While participants generally found the adapted TIPHA questionnaire clear, participants in
multiple groups identified confusion with particular words or phrases, indicating that revisions
could improve precision and comprehension. HW-Q6 (The information from authorities during
heat waves is not relevant to my culture) was discussed in two focus groups, with participants
pointing out that the term “culture” was ambiguous, making it difficult for respondents to
interpret its intent. Some participants struggled to understand whether the question referred to
personal experience or a broader cultural perspective, which led to uncertainty about how to
answer.

“In the 2021 heat dome, I was pretty low income at the time and didn't have air
conditioning. But I was like, ‘I don't think that's the culture they're asking. They're not
asking about my financial status.’ I think it just means, your ethnic culture or other
backgrounds. But I think the way [ was thinking of it could have been relevant too.’
(MultB, P7)

’

Beyond the intent behind the term, a participant expressed discomfort with generalizing
beyond their individual experience. In response, one participant suggested that the question could
be more clearly worded to reflect whether information from the PHA is personally relevant to the

individual respondent.



“I can't speak for my own people, basically. Everyone's got different opinions on that. So
I was just like, ‘I'm not sure how to properly say this or how to answer that.” (VanA, P3)

In P-Q3 (PHAS use resources well), the term “resources” led to similar confusion among
participants in one focus group, who reported the term could be interpreted as funding, data, or

information sharing.

Moreover, focus group participants noted three questions (P-Q2, HW-Q7, P-Q4) as being
unfocused or unrelated to the overall topic of EHEs. In P-Q2 (PHAs are partly responsible for
the illegal drug problems in this country) focus groups questioned the connection between the
usage of illicit drugs and EHESs, which led to confusion about the purpose of the adapted TiPHA
questionnaire. RA then verbally explained that the first set of questions addressed trust in PHAs
across all departments, and the second set of questions were specific to heat. The confusion
about the two-part adapted TiIPHA questionnaire was discussed in three focus groups. Although

they were able to answer the question, the participants expressed uncertainty about its relevance.

“I don't necessarily associate that [drugs] with heat waves in any way. So that question
felt a little out of place.” (VanB, S2)

In HW-Q7 (The information from PHAs is sufficient to take action during heat waves),
one focus group mentioned that it was unclear whether the question asked about their behavior or
the behavior of others. However, they and others in the group ultimately answered the question
based on their personal experience. Additionally, participants in one focus group found the
wording of P-Q4 (PHAs waste money on health problems) to be ambiguous with respect to the

type of health problem being referenced.



In addition to term confusion and question relevance, participants in several focus groups
expressed concern that certain questions assumed a level of knowledge about PHA actions or
guidance beyond their expertise. As a result, they answered based on assumptions or general
impressions rather than specific knowledge. For HW-Q8 (I can see myself adopting at least one
of the recommendations made by PHAs during a heat wave), one focus group participant
described how the question seemed to presume awareness of official PHA recommendations.
Although the participant agreed with the statement, they explained that their agreement was
based on assumptions rather than confirmed information. Similarly, a participant in another focus
group described how P-Q1 (PHAs do everything they should to protect the health of the
population) also assumed knowledge of PHA activities or responsibilities.

“But what I was saying is that me, personally ... I don't really know if the PHA are doing
anything or fulfilling their responsibilities because most of the population here don't even
know what's happening and all of that. Unless if you have an immediate family member
that is working there or something ... I just figured probably they're doing their
responsibility.” (VanA, P4)

A participant in a third focus group echoed this sentiment when reflecting on P-Q5
(PHAS keep trying the same things to help the public, even when they don’t work very well) and
P-Q6 (PHAs come up with new ideas to solve health problems). They remarked that both
questions assumed familiarity with PHA actions.

“That question did kind of assume that you know what the public health is up to, and 1
don't. I mean, I'm not in that field, so I don't know. But I'm just assuming they're not
trying the same thing over and over again. Maybe they are, but it's not my impression ...
1 think I actually have good feelings about public health. And so I said I disagreed [with
the question].” (KingA, P3)

Participants across multiple focus groups noted that several adapted TIPHA questionnaire
questions (P-Q1& P-Q4, P-Q3 & P-Q4, P-Q10 &P-Q14, P-Q11 & P-Q12) appeared to be asking

the same or similar things, often with only slight variations in wording. While some participants



viewed this as an intentional design to check response consistency, others raised concerns about

redundancy.

Modifying the adapted TiPHA questionnaire format could enhance the usability, and
adding space for open-ended responses could allow for fuller insight into participants’
thoughts.

Participants across several focus groups expressed ideas for changing the adapted TiPHA
questionnaire format to improve readability and provide more opportunities for open-ended
responses. One suggestion mentioned by participants in KingA, MultA, and KingB was that the
top Likert scale header (Strongly Disagree to Strongly Agree) should remain visible as they
scrolled through the questions. This would improve the ability to track their responses, especially
on smaller screens. Participants in VanA, KingB, and MultB suggested providing more
opportunities for participants to elaborate on their answers, especially in the absence of follow-
up focus groups. An optional open-ended section at the end of the adapted TIPHA questionnaire
could offer a deeper understanding of community trust and identify areas for improvement in

public health responses.

The terminology “heat wave” and “Public Health Authority (PHA)” require clarification
through stronger definitions.

Many respondents expressed uncertainty about what level of government “PHA” referred
to (e.g., local, state, provincial, or federal). This resulted in varied interpretations because they
viewed each level of government with different effectiveness and trust.

“I did come to the occasional question where ... I'm like, ‘Oh, well, I feel one way in
regards to the county but maybe another way in regards to the state or the federal
government.’” (MultA, P2)



Additionally, some saw it as referring specifically to local or state agencies because of

the locality of the heat waves.

“Since this was sort of mainly about local issues or it seems to be local in our area, 1
kind of answered more in if the public health authority was a local or state agency.”
(MultA, P4)

In Canadian focus groups, national terminology further complicates the issue, where
“PHA” refers to “Provincial Health Authorities.” This led to confusion about whether the
adapted TiPHA questionnaire referred to provincial, federal, or other entities.

“This is probably just a Canadian thing ... I know it says Public Health Authorities, but
for me, [ kept thinking Provincial Healthcare Authorities, which is something a little bit
different because of the way Canada is structured ... Because we have something else
similarly with similar abbreviations, that's also like that.” (VanA, P3)

Beyond confusion over government levels, participants interpreted the term “PHA” in
various ways. They described linking the term with specific individuals (e.g., local health
officials), healthcare professionals (versus public health professionals), and networks of
institutions or agencies, including police, health departments, and weather institutions. One focus
group mentioned that they did not associate PHAs with environmental health at all, instead
opting for a more clinical or biomedical framework for public health. Additionally, no other
focus groups included environmental health in their PHA definitions.

“I don't think of [PHAs] when I think about heat. Medicine and epidemiologists are in

one part of my brain, and climate collapse and the fires are in another part of my brain.’
(MultA, P5)

’

In addition, participants had inconsistent definitions of the term “heat waves.”
Participants described heat waves using various criteria, including trapped hot air, prolonged

high temperatures, humidity, smoke events, and warm nighttime conditions. Participants



provided synonymous terms for “heat wave,” such as temperature surge, solar burn, extreme hot
weather, extreme heat, heat dome, heat surge, and heat spell. Additionally, some participants
used synonyms when defining heat waves, suggesting that certain phrases might be more
intuitive for different audiences.

“Another term is temperature surge, and heatwave is prolonged hot weather. So that's
the meaning of heat wave to me.” (KingA, P5)

The inconsistency of understood definitions could lead to confusion or misalignment in
adapted TiPHA questionnaire responses. To address this, participants suggested including a clear
and standardized definition within the adapted TiPHA questionnaire to ensure a shared
understanding across respondents. Some expressed uncertainty on what temperature threshold
qualifies as EHEs and suggested that specific temperature range(s) be included for clarity.

“I'm wondering if it would be helpful to put in the survey when you describe extreme
heat, what's the threshold that categorizes it as extreme heat? Is it over 102? Is it over a
110?77 (MultA, P3)

The adapted TiPHA questionnaire maintains neutrality, though minor revisions to certain
questions could further reduce bias.

Overall, when asked about bias, participants across all focus groups reported limited
concerns. Three groups raised negatively worded questions (PQ-4, PQ-5, HW-Q3 & HW-Q2)
expressing how the adapted TiPHA questionnaire could capture diverse perspectives, including
those different from their own.

“I don't know whether I'm the only one who thinks that any public office, you can’t have
all the people having the same opinion. So whoever was setting the questions to [sic] this
survey wanted to make sure that they have included everyone ... So I think when it comes
to a survey, that is why you have the option of agreeing or not agreeing. They have to
really set these questions in a very broad way so that they can be able to capture every
opinion from a diverse population.” (KingA, P2)



Furthermore, another group perceived value in having both positively and negatively
worded questions in reducing social desirability bias.

“They kind of feel almost like opposite like [sic] three is they use resources well, and four
is they're wasting money. So having both of those kind of balances out the survey, I think,
in terms of that. I don't feel like it's kind of trying to make me answer one way or
another.” (Van B, P-Q03 & P-Q04, P2)

Although it was not a widely mentioned issue, one participant pointed out that disability
was noticeably absent from both the demographic questions and the list of at-risk populations
and described the impacts of this omission. The participant thought that EHEs disproportionately
affect people with disabilities thus including disability in these sections would provide a more
comprehensive view of the populations most affected by heat waves and public health
interventions.

“As a disabled person, it's exhausting. It's always seeing demographics and questions,
but never being asked about disability, which impacts a significant portion of the
population and should always be considered. I would assume especially for public health
things and especially for heat things, which, by my understanding, pretty
disproportionately impacts disabled folks. I don't have a clear suggestion on how to
change anything. I just would like to say I felt the absence once again and just longed for
a disability lens to make itself known somewhere in the phrasing here ... it's not only in
the demographics. It's in the question (HW-Q3), ‘Public health authorities are prepared
to address the needs of populations at risk, e.g., older adults, low-income, houseless.’ It's
a great place to throw disabled in ... Someday, people are going to think about us, [
swear.” (MultA, P5)

Additionally, in the question P-Q2 (PHAs are partly responsible for the illegal drug
problems in this country), the phrase "illegal drug problems" raised concerns about unintended
connotations, particularly given the broader cultural and political associations with the word
"illegal." Some respondents worried that this language might make certain groups feel targeted,

even if that was not the adapted TIPHA questionnaire’s intent.



“I think there's a lot of really heightened language around the legal ... I know that's not
what you're asking in this question, but around illegals in this country and illegals doing
drugs in this country. And it was only the second question. And I was like, ‘The illegal
drug problems in this country.” What does this have to do with the survey about heat?
And is there going to be some bias written into the survey? ... Even just taking out the
word illegal.” (MultA, P5)

The adapted TiPHA questionnaire length is adequate to collect relevant information, and
not too long as to cause disengagement.

All but one participant described the adapted TIPHA questionnaire as appropriately short
and manageable. The majority appreciated the concise structure, indicating it was enough to
cover key issues without leading to disengagement.

“I felt like every question was important, and I felt like the answer I gave was something
that was affecting me directly.” (KingA, P2).

Discussion.

The 2024 U.S. “National Elections Study” found only 25% of respondents trust the
federal government. This is particularly concerning amid increasing extreme weather events and
disasters.*> Low trust can increase community recovery time, delay individuals' response to early
warning efforts, create inequitable health outcomes, and lead to avoidable deaths.3%:46-50.:60.64.67
PHASs need to understand and improve trust in PHAs as EHEs become increasingly common due
to climate change.’>* However, there are notable gaps in public health research on trust,
particularly a lack of validated and reusable survey instruments.® Many existing surveys are
lengthy, their questions are often inaccessible in published literature, and none specifically
address the relationship between trust and EHEs.%’ This questionnaire was created to meet these

needs, and was assessed through focus groups consisting of residents of three Pacific Northwest

cities recently affected by EHEs. With minor changes to questions HW-Q6, P-Q3, and HW-Q?7,



added clarification in the introductory paragraph, and minor formatting improvements, the final
product can serve as a practical tool for PHAs, including as one-time or longitudinal assessment
of trust, or to evaluate the effectiveness of new initiatives aimed at improving public trust and

understanding of EHE guidance.

ADAPTED TTIPHA QUESTIONNAIRE AMENDMENTS.
Question revisions. Focus group feedback confirmed that the adapted TiPHA questionnaire was
generally clear, of appropriate length, and questions were neutrally phrased. Yet, participants
identified specific areas for revision. Questions such as HW-Q6 and HW-Q7 required
clarification the term “culture”. The term “culture” was unclear as to whether it referred to
religion, geographic community, financial status, demographics, or sexual orientation. Even
within anthropological professions there is no singular definition, and people often exist at the
intersection of many subcultures.”>**°As a participant recommended, a more individualized
question may be more straightforward, such as, “The information from authorities during heat
waves is not relevant to [me]”. However, this change would adjust the meaning of the question,
which was specifically asked for by the discussion groups due to the concern that certain groups
of people were missing EHE guidance. To address this change in meaning, this question could be
stratified with the demographics questions to identify differences based on individuals’ identities.
PHASs could also include more demographic questions such as religion, if it would be relevant to
their area. Additionally, participants recommended revising HW-Q7 (The information from
PHAs is sufficient to take action during heat waves) to more explicitly be from the participant’s
point of view, since a perspective cannot be generalized to an entire population or culture, as
discussed above. Which would change the question to “The information from PHAs is sufficient

for me to take action during heat waves”.



Introduction revisions. Participants also needed further clarification in the introduction
paragraph to fully understand the adapted TiPHA questionnaire's intent and scope. The
introduction needs to clarify that the questions are asked based on respondents’ perceptions of
what PHAs are currently doing, not what they should be doing. This distinction is vital to ensure
the survey measures perceptions of present practices rather than aspirational goals. Additionally,
participant confusion around the unrelated nature of some of the questions to EHEs necessitates
additional context in the introduction; specifically, to clarify that Part 1 of the adapted TIPHA
questionnaire measures general perceptions of PHAs, while Part 2 focuses specifically on EHE-
related actions. This intentional division facilitates a comparison between the relationship of trust

in PHAs and perceptions of EHE guidance through calculation of odds ratios.>*

Furthermore, the definition of “PHAs” needs to be refined. The original TIPHA
questionnaire provided the following definition of PHAs: “Public health authorities include local,
state, provincial, and federal health departments.” The paper describing the original TIPHA
questionnaire noted that a limitation could be participants' definitions of PHAs and that a clear
definition could be needed.>* Indeed, our study participants varied in how they defined PHAs.
For example, none of the participants included environmental health in their definition, with one
participant going so far as to say they explicitly excluded environmental health concerns from
their working definition of public health work. This lack of understanding of the field of
environmental health has been echoed in national level surveys. For example, a 2019 survey of
4,464 U.S. adults found that 63% of people said they knew very little about environmental health
scientists.”” This could be because in the 19" and 20" centuries, public health and environmental

health were largely separate, siloed bodies.”



Participants also discussed that their perception of PHAs differed across local and federal
levels, introducing challenges when answering questions. A 2023 telephone survey of 1,016
adults across all 50 states found that U.S. adults trust local government more than the federal
government. An additional study, a 2021 survey of 6,152 adults across 41 states attributed the
same finding to mere physical closeness.”>*'% Additionally, some participants mentioned that
since heat waves are localized events, the survey should be used to assess trust in local PHAs.
Based on participant feedback, a refined PHA definition is included in the updated adapted

TiPHA questionnaire (Figure S7).

Our questionnaire did not include a definition for “heat wave,” and participants had
varying definitions spanning from heat and smoke events, humidity, temporality, and a range of
temperature values. Moreover, they used terms synonymous with heat wave. This lack of
consistency in term definition and use is unsurprising since the definition of "heat wave" has
been found to differ among policymakers, climatologists, and epidemiologists, with varying
focus on physical temperature or heat outcomes.'?! Participants mentioned that having a locally
adaptable definition of a “heat wave” (e.g., “15°F above normal for your area”) would help to
answer the questions. In fact, although EHE and extreme cold affect all regions, research
analyzing daily temperature and mortality data in 306 communities in 12 countries found that
individuals' sensitivity to extreme hot and cold varies by region.!?? Another study using 22 years
of Medicare data, along with NASA and NOAA climate projections for all 50 states and Puerto
Rico, found that cooler places have lower mortality rates during cold events and warmer places
have lower mortality rates during EHE.'® This is partially because geographic areas have
infrastructure made for their climate (e.g., increased prevalence of AC in warmer places, power

grids prepared for cold weather in cooler places).'??



Therefore, depending on where the adapted TiPHA questionnaire is administered, a
geographically specific definition of heat wave could be provided along with the survey tool.
However, a content analysis of 21 Heat Action Plans in the U.S. found that 95% of Heat Actions
Plans use National Weather Service advisories, non-specific to local health impacts, to determine
when to announce a heat wave.!* Future research should assist PHA in updating there Heat
Action Plans to determine threshold based on anticipated health impacts. An approach to
providing such a geographically specific definition is included in a one-pager developed to

accompany the questionnaire (Figure S8).

HW-Q8 was noted for assuming awareness of official PHA recommendations, so this
question was updated to include a parenthetical section with a link to Public Health —Seattle
King County’s “Hot Weather Preparedness Guidance” as an example reference (Figure S7).!% It
is recommended that the link should be specified for specific agency public health guidance
based on the location/PHA of interest. If the location does not have specific heat wave guidance,
survey administrators should consider a nearby state or location with similar seasonal weather

patterns.

Format revisions. Format improvements were also suggested by the focus groups. A
frozen questionnaire header was recommended for ease of use. Another proposed format change
was to add an optional open-ended comment box. While not essential, this addition reflects
growing trends in mixed-methods data collection and public engagement, where qualitative
context helps interpret quantitative trust and EHEs metrics more accurately.!% However, the
optional comment box should only be included if jurisdictions have the capacity to analyze the

qualitative data.'?’



Although not specifically mentioned by focus group participants, the research team also
identified two demographic questions where minor revisions could enhance inclusivity and
clarity. First, the question “What is the highest level of education you have completed?” could
benefit from another option for those who have not started high school. Indeed, the National
Center for Education Statistics released its 2022 dropout rates statistics with 5.3% U.S. adults not
completing high school in 2022, and an unknown percentage of U.S. adults did not finish middle
school.!® Additionally, to improve consistency with other Likert scale questions in the survey, it
was suggested to replace the “maybe” response option to “I don’t know” for the question, “Have

you ever experienced a heat wave?”

Bias revisions. Participants also raised points about perceived bias of question phrasing
of certain concepts in the overall instrument. Although only one participant mentioned an
exclusion of disability in this research, it underscores the importance of inclusiveness in
questionnaire design. Expanding the demographic section to include a disability question and
adding “people with disabilities” to HW-Q3’s “at-risk populations” would enhance the
questionnaire’s comprehensiveness and accuracy, as people with disabilities face
disproportionate risk during EHEs.!®112, Exclusion of those with disabilities is apparent within
health research. In 2020, when early COVID-19 surveillance data was published, there was no
disability data included; making it difficult to assess the pandemic's full impact on this
population.'!® This is so common that disability health experts wrote a debate article arguing that
people with disabilities experience significant health disparities, but are frequently excluded
from public health surveillance, interventions, and research.!!* The authors call for the formal

recognition of people with disabilities as a health disparity population and highlight the apparent



ableism within public health.!'* Small modifications in wording and framing could make

adapted TiPHA questionnaire more inclusive without compromising its neutrality.

Questions not revised.

Comments regarding the original TIPHA questionnaire PHA trust questions were not
amended. This is because this half of the questionnaire has already been validated and the two
questions P-Q3 (PHAs use resources well), and P-Q2 (PHAs are partly responsible for the illegal
drug problems in this country) were each only discussed by one participant in one focus group.
Further research could assess if these questions should be amended due to P-Q3 uncertainty
whether the term “resources” referred to personal, financial, or technical capacities. Since, past
research has found that unclear terms can skew data by increasing bias and reducing
replicability, especially if the term has multiple definitions.!'>"''” However, this question was

intended to be broad to understand their general perspective about resource use. (Figure S7).

Additionally, the recommendation to change "illegal" in P-Q2 because of the way
language can carry stigma and unintended connotations should be more broadly reviewed,
especially in places with different social and political climates than the PNW. The association
between the term “illegal” (referring to drugs in this questionnaire) could affect how participants
interpret the questions due to the U.S. usage of the term “illegal immigrants.” The term “illegal
immigrants” was brought into mainstream U.S. media and households during the first Donald
Trump presidency in 2018 when the United States Department of Justice (DOJ) told attorneys to
use “illegal immigrants” instead of “undocumented immigrants.”!!® This was followed by a
flurry of press releases by conservative groups supporting the change and liberal groups urging

media and government agencies to refrain from using the term.!'® Since this question does not



ask about immigration, the same meaning would be accomplished with a change of term, such as
“illicit” drugs. “Illicit drugs” are already considered a synonym for “illegal drugs” and include
cannabis, ecstasy, amphetamines, cocaine, heroin, barbiturates, and methadone.!" Potentially,
revising such wording could help ensure all respondents feel comfortable engaging with the

adapted TiPHA questionnaire.

LIMITATIONS. Our sampling frame was limited to three jurisdictions with large metropolitan
areas in the PNW, potentially limiting generalizability of findings to other geographies and
demographics (e.g., predominantly rural warmer communities). Additionally, focus group
participants were not segregated by- age, county zip code, neighborhood, gender, and race,
which might introduce social desirability bias. Social desirability bias is where participants
change their answers to conform to social norms or accepted behaviors, or based on cultural
power dynamics.'?° This has been observed in those who identify as men in focus groups with
other genders and those with higher social or economic positions within research studies. 27123
In research, social desirability bias skews the data to overly depict “positive” or homogenous
responses and attitudes.'?*"1?? In our research, this could have led to participants not expressing
whether a question was unclear or differing thoughts on questions, limiting input on

questionnaire adaptation.'?°

Another limitation is that individuals without social media may not have been exposed to the
recruitment efforts for the focus groups. While they were not intentionally excluded, exposure to
the population without social media may have been limited to word of mouth. This could help
explain why fewer people over the age of 45 filled out the interest form compared to those under

35, as younger adults are more likely to use social media platforms regularly.'?* Additionally, the



study was limited to English speaking participants thus missing the perspectives of other

language speakers.

Finally, the capacity of PHAs to use this tool may limit its utility and impact in practice. To
reach populations that are more likely to be distrustful of health authorities, PHAs must go
beyond simply distributing the survey online. Engaging with these communities may require
additional resources and efforts, such as attending in-person gatherings, printing paper copies of
the survey, or partnering with trusted community members or organizations. However, these
approaches may be especially challenging in areas where trust in PHAs is already low. In
addition, PHAs would need the technical capacity to collect, process, and analyze both
quantitative data and any qualitative responses provided through optional text boxes. This could
necessitate further support, such as collaboration with a university or assistance from their state

health department.

Conclusion.

This study aimed to adapt the original TiPHA questionnaire to develop the first public trust
survey instrument specific to EHEs. This tool addresses a critical gap in public health and
climate resilience research by providing a method to assess how trust in PHAs evolves,
particularly in response to targeted communication strategies or recommendations during EHEs.
While previous research has explored trust in government and health systems more broadly, no
tools have examined trust in the lens of EHEs. By focusing on the concept of trust related to an
emerging climate change concern, EHESs, this study offers a novel contribution to measurement

and practice.



Overall, the adapted TiPHA questionnaire was well received by focus group participants.
However, minor revisions were suggested to clarify or improve neutrality of specific questions
and the instrument overall, including definitions for key terms. Future research should pilot the
adapted TiPHA questionnaire at the community level to assess reliability and further refine face
validity. The adapted TiPHA questionnaire should also be evaluated in jurisdictions with
different political contexts and risk profiles than the PNW to ensure its broader applicability and
effectiveness. Additionally, a future study would be needed to translate and validate the adapted

TiPHA questionnaire into other languages.

This research was motivated by the 2021 PNW heat dome, which exposed the region’s
vulnerability to EHE due to infrastructure (healthcare, homes, and public spaces) not designed
for heat, and which resulted in hundreds of excess deaths.!!"!> The event disproportionately
affected vulnerable populations and prompted collaborative efforts among public health
agencies, governments, and communities to improve future EHE preparedness, communication,
and resilience. Trust in PHAs influences individual compliance with health guidance, shapes
community resilience during crises, and varies across demographics, with historically
marginalized groups often reporting lower trust due to past inequities.**>-03646° Ultimately, this
highlights that building and maintaining trust is essential for effective emergency response and

equitable health outcomes.
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