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Background: The health and safety of workers who work in areas severely
damaged by natural weather events (reconstruction workers) is becoming an
increasingly important health problem as these disasters increase in intensity
and frequency. An evidence-based, innovative e-learning tool, Pocket Ark, has
been developed to meet this need.

Methods: Intervention Mapping, an iterative public health programming
methodology, was used to create strategies designed to support the
development and implementation of the Pocket Ark application for the health
and safety of reconstruction workers before, after, and during natural disasters.
Discussion: The development of an evidence-based application, Pocket Ark, uses
the concept of the Intervention Mapping planning framework. It can be an
effective bridge of pre-deployment education, deployment health, and safety
support for the reconstruction work in the immediate post-disaster environment.

KEYWORDS

reconstruction worker, flooding, post-disaster deployment, health and safety, security,
worker education, climate change, Intervention Mapping

As the effects of climate change intensify, more frequent and intense meteorological
events are being observed worldwide, including heat waves, drought, wildfires, and
flooding events related to heavier rainfall, rising sea levels, and intensifying
storm activity (1-3).

Flooding damage includes the widespread destruction of communities, including
homes, commercial buildings, and public facilities (e.g., hospitals, schools), as well as
infrastructure (e.g., transport facilities such as roads, railways, bridges, and ports) and
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water, sewage, and energy supply lines (4). In the aftermath of these
rebuild these
communities may face numerous hazards and receive the most

events, construction workers traveling to
intense exposures (5). The term reconstruction worker applies to
a construction worker who is involved in the process of
rebuilding structures destroyed due to extreme weather events (6,
). There are numerous hazards associated with reconstruction,
including waterborne infectious diseases (8, 9), respiratory
irritants (removing sheetrock) and allergens (excessive mold
growth) (10,

Disaster response reconstruction workers are typically given

), and mental health exacerbations (12).

little to no relevant safety education or adequate protective
barriers (13). In one study, 85% of reconstruction workers
working in the post-Hurricane Harvey Houston, TX, community
reported that they had not received any safety training prior to
beginning work (13). Furthermore, workers are often composed
largely of immigrant populations, some are undocumented with
). As a result, this
population is highly vulnerable to wage theft and job site

only minimal English proficiency (

abandonment, as well as working in unsafe worksites with few
supplies, logistical coordination, and poor means of remote
~19).

Various governmental organizations have set guidelines for

communication with supervisors (

worker safety during natural disaster events. The National
Institute for Occupational Safety and Health (NIOSH) has
information on helping employers and workers to prepare in
advance for anticipated response activities and to prevent work-
related injuries and illnesses in the field once rescue, recovery,
and clean-up begin (20). Occupational Safety and Health
Administration (OSHA) has a matrix e-tool to help with worker
safety (21). However, these guidelines often do not reach
workers, who often do not know that they exist due to a lack of
dissemination to both employers and employees. Moreover, these
tools are useful but are not specific to the local hazards workers
encounter, are often at too high a literacy level for some workers,
and do not include worker security. They are also only useful in
the pre-deployment setting, as there is no dynamic input of
logistical information related to the post-flood environment.
e-Health tools have been used to successfully promote health
), food,
service, and a variety of manufacturing fields (24), including

guidelines in a variety of fields, including healthcare (22,

assisting reconstruction worker populations (25). These digital
tools hold promise in facilitating training, decision support, and
reach for these populations. Although OSHA has published a
small number of e-learning tools on their website, there is still a
). The e-
learning platform Pocket Ark (PA) was developed to meet the

need for tools that reach workers on a large scale (

ever-growing needs of the vulnerable population of construction
workers who specialize in helping to repair buildings in
communities that have been extensively damaged by flooding and
storms. This study’s purpose was to describe the development of
PA, a decision support and training tool informed by stakeholder
feedback and pilot tested with reconstruction workers for
acceptability and feasibility. Professional reconstruction workers in
this context refer to those who regularly conduct reconstruction
work as their primary source of income. Reconstruction work
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refers to the initial stages of clean-up and repair of structures in
the aftermath of a natural or manmade disaster for a large area.
For this pilot study, day laborers of varying skill levels are the
category of interest, and skilled craftspeople, including carpenters
and electricians, were not specifically recruited for pilot testing (26).

2.1 Intervention Mapping

Intervention Mapping (IM) is a systematic approach to

planning theory- and evidence-based health promotion
interventions (27). A recent systematic review demonstrated a
significant increase in the uptake of disease prevention behaviors
associated with IM-based interventions when compared to
placebo control groups (28). IM has been used to develop
interventions for preventing cancer, including skin (29), lung
(30), breast (31), and cervical ( ) cancers. However, few

applications of IM have been reported in the context of

developing an e-health systems-based intervention targeting
construction workers who work in areas affected by disasters
and their coordinating organizations for greater efficiency and
precision in disaster relief. The six steps of IM ( ) are to
(1) assess needs and develop a logic model of the problem;
(2) develop matrices of behavioral change objectives for the
program; (3) identify theory-based methods and practical
(4)

program components and materials; (5) plan for program

applications to be applied in the program; produce
adoption, implementation, and sustainability; and (6) plan for
evaluation (27). This project was approved by The University of
Texas Health Science Center at Houston Institutional Review
Board (HSC-SPH-19-0571).

2.2 The development timeline

Completing the IM development process encompassed 2 years
of activities ( ). Year 1 involved the development of the logic
model of the problem (IM Step 1), defining program outcomes and
objectives and matrices of change (IM Step 2), and developing the
PA design document (IM Step 3). Year 2 involved completing the
full program prototype, including development cycles for each
component, followed by a formative evaluation with pilot testing
of the components (IM step 4). Plans for implementation and
evaluation (IM Steps 5 and 6) were consolidated during PA
formative testing.

Step 1 comprised the following: establishing a planning group;
conducting a needs assessment informed by the PRECEDE
(Predisposing, in
Educational Diagnosis and Evaluation) planning model that

Reinforcing and Enabling Constructs
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TABLE 1 IM steps with associated tasks and deliverables.

10.3389/fenvh.2024.1368077

vseps ks Developrent deiverables

1. Assess need and develop a logic model | «
of the problem .

including the population, setting, and

community.

Establish and work with a planning group. | e
Describe the context for the intervention,

Expert Advisory Group
« Literature review—evidence table
« PRECEDE Model (35)

« Conduct a needs assessment to create a logic

model of the problem.

2. Develop matrices of change objectives | o
and a logic model of change environment.

o Specify performance objectives for

behavioral and environmental outcomes.
o Select determinants for behavioral and

environmental outcomes.
« Create a logic model of change.

« Construct matrices of change objectives.

3. Identify theory-based methods and .
practical applications for program scope, and sequence.
design o Choose theory- and evidence-based

methods to create change.

o Select or design practical applications to

deliver change methods.

4. Produce program components and .

materials o Prepare plans for program materials.

o Draft messages, materials, and protocols.
o DPre-test, refine, and produce materials.

5. Plan for program adoption, .
implementation, and sustainability .
for implementation.

State expected outcomes for behavior and | «

Generate program themes, components,

Refine program structure and organization.

Identify potential program implementers.
State outcomes and performance objectives | o

Matrices for provider outcome behaviors comprising 14 individual and 3
organizations performance objectives and 3 learning objectives.
o Conceptual model for Pocket Ark (model of change).

o Pocket Ark design document comprising specifications including content,
design features, functionality, language, logistics of field use and
implementation in worksites and coordinating organizations, orientation
needs, and evaluation specifications.

Training components

o Pocket Ark PPE training module

o Pocket Ark COVID-19 training module

o Pocket Ark illness survey

Functional components

« Pilot test protocols and results.

o Manual of procedures.

o Pocket Ark component feasibility testing in situ.

o Processes and channels for deployment of PA training.
Matrix of key stakeholders/gatekeepers for implementation.
o Evaluation design manual of procedures

« Construct matrices of change objectives for

implementation.

o Design implementation interventions.

6. Plan for evaluation o Write effect and process evaluation

questions.

« Develop indicators and measures for
assessment.

o Specify evaluation design.

outlines the factors associated with the problem (35); defining the
context of the intervention in terms of population, setting, and
community; and starting to implement program goals (27).

3.1 Task 1.1: establish and work with a
planning group

3.1.1 Priority population and setting

3.1.1.1 Organization description

The PA development involved close collaboration with multiple
worker advocacy (WA) groups. The primary partners were Fe y
Justicia and Resilience Force (RF). Fe y Justicia has seven full-
time staff members and is based in Houston, TX. They provide
reconstruction worker advocacy for the day laborers in over 40
different day laborer pickup sites in the Harris County area,
distributing health and safety information, legal assistance, and
worker advocacy leadership (WAL) training. RF has 11 full-time
staff based out of New Orleans, LA. They have a similar mission
as Fey y Justicia but are national in scope and focus specifically

Frontiers in Environmental Health

« Study hypotheses and protocols.
« Measures for assessment.
« Baseline and follow-up surveys for workers and Resilience Force staff.

on those workers who go to work in areas affected by natural
disasters, including fire and flooding.

3.1.1.2 Day laborer description

Reconstruction workers are typically also day laborers. These day
laborers are the intended users of PA. Their demographic profile
and the organizational structure in which they operate differ
depending on the geographic location within the United States
(US). A recent survey of day laborers in Texas found that these
workers were predominantly male, had a mean age of 43 years,
and that more recent immigrants to the US from Central and
South America have lower literacy levels and were often more
unskilled in the construction trade (36). Based on numerous
interviews with day laborers in the Houston and New Orleans
areas, it was found that more recent arrivals to the US are more
susceptible to wage theft and poor treatment, such as being
dropped off at remote worksites without adequate food, water,
shelter, or transportation. There are many day laborers in the
Houston area and many informal pickup sites for them. Given
this availability, reconstruction contractors have an advantage in

frontiersin.org
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dictating the terms of the labor contract and determining the
conditions of health and safety while still recruiting the required
number of workers they need. In other urban areas with smaller
populations, such as New Orleans, LA, discussions with workers
indicated there are few workers in the area with fewer pickup
sites. Workers in these locations are less in number, have been in
the area longer, are more skilled, and can negotiate better terms
with employers, such as being paid on a regular basis and
working in safer conditions. Workers in these environments are
also more organized in informal hierarchies, where experienced
workers can advise younger workers on the validity and hazards
of a particular job or location (36, 37).

Day laborers in Houston were recruited to participate in needs
assessment interviews and prototype testing. These individuals were
all male, all day laborers, and all of Central and South American
origin. Specific demographic information was not collected with
this first pilot test. This was primarily due to the fact that we
recruited directly from an informal job hiring site where historically
many of the workers are reluctant to relay personal information to
any previously unknown organization gathering data. Future
usability and utility studies using PA will help workers feel more
secure as we have developed a close alliance with trusted worker
advocacy organizations.

3.1.2 Stakeholder advisory committee

The IM process recommends the identification of key
stakeholders, including experts, community members, potential
implementers, leaders, and members of the population of interest
to form a planning group that guides the intervention
). The PA stakeholder advisory committee (SAC)
was comprised of subject matter experts from universities,

development (

individuals from the NIOSH, local county disaster preparedness
groups, and worker advocacy groups. The project team held
regular weekly in-person meetings through the entire IM process
to plan and design components (including reviewing content,
assessing functionality, flow, and the “look and feel” of PA
components), develop plans for seamless implementation (rollout)
without disruption to standard operating procedures, and plan for
evaluation activities. Representatives from organizations vested in
A&M Department of
Construction Science, the National Institute of Occupational
Safety and Health Department of Construction Safety, the
National Institute of Health Prevention, Preparedness and

worker safety, including the Texas

Response Consortium, the Harris County Health Department,
and the Worker’s Defense Project, provided formative expert
opinions in a series of stakeholder interviews ( ).

3.2 Task 1.2: conduct a needs assessment to
create a logic model of the problem

Previous work by this research team extensively involved an

outreach project to assist residents and professional

reconstruction workers in the immediate aftermath of Hurricane
Harvey. Rescue kits, which included gloves, masks, and education
sheets, were passed out at numerous distribution sites throughout
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the Houston metroplex. Six months afterward, recipients of these
kits were surveyed regarding their current health, the usefulness
of the kits, and the state of repair of their flood-damaged homes.
Details of these results can be reviewed in previously published
literature (19). Based on this experience, the research team was
able to develop a needs assessment that identified (1) health and
safety problems associated with construction work in recently
flooded areas; (2) reconstruction worker barriers to education
and training to prevent these problems from occurring to inform
a logic model for health education; (3) perceived barriers,
attitudes, beliefs, and needs regarding health and safety problems
in the post-flood environment; and (4) current national best
practices regarding health and safety strategies for creating a safe
environment for post-flood reconstruction work.

3.2.1 Literature review

Conducted from 2017 to 2019, the literature review provided
background on (1) health effects common to construction
workers in post-flood environments, (2) current rates of injury
and morbidity burden on construction workers in these
environments, and (3) evidence-based strategies to increase risk
reduction behaviors and organizational, behavioral, and
psychosocial factors associated with their implementation. The
term “reconstruction worker” has been introduced recently in the
disaster recovery industry; hence, most literature reviews mention
construction workers. Inclusion criteria comprised articles
published in peer-reviewed journals, including review articles and
surveys, and practice guidelines. Abstracts, poster presentations,
and editorial publications were excluded. Electronic publication
databases comprised PubMed, EMBASE, and MEDLINE.

OSHA and FEMA (Federal Emergency Management Agency)
worker safety guidelines provided a systematic review of the
effectiveness of health promotion strategies foundational for this
study. The literature review provided information on national
worker safety recommendations to prevent worksite injury and
that the

operationalization of guidelines. Other actors that affect worker

organizational factors in  worksites facilitate

decision-making  and  motivation to  adopt  safety
recommendations were also identified. Critical findings that
informed PA are provided in

The literature review further informed the theoretical foundation
for PA. The Conceptual Framework for Organizational Innovation
Adoption (CFOIA)

technology acceptance (52). It provides a framework to understand

integrates research on innovation and
factors that influence the adoption and implementation of
innovations such as PA at individual (personal disposition,
attitudes, and social usage) and organizational (supplier, network,
environmental, adopter characteristic) levels. The CFOIA informs
the critical determinants of adoption and implementation used to
design a PA prototype with an eye to seamless adoption and
This figure illustrates both the
organizational (RF) and the individual (reconstruction worker)
factors that affect the adoption of PA and how the two relate to
each other. In this model, the initial adoption is driven initially at

implementation ( ).

the organizational level. RF currently has a developed informal

infrastructure in place to disseminate health and safety
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TABLE 2 Literature review key findings.

10.3389/fenvh.2024.1368077

Key finding Qualifications

Construction workers in post-flood scenarios have an .
increased risk of respiratory illness, safety issues, and injury.

Construction workers in flood zones are prone to microbial-contaminated dust and debris and at an
increased risk of a work injury from electrical poles, broken homes, and sharp-hidden objects.
« Exposure to unsafe, toxic, hazardous pollutants in water can lead to detrimental health effects (38-42).

The burden of injury and risk of morbidity is high among | «
temporary workers, especially the migrant laborers in post-
disaster environments.

Most migrant, temporary workers have part-time contracts with unregulated work with little social
protection and low wages.
o Precarious or vulnerable work arrangements lead to health and safety hazards, which results in more
injuries and poor health outcomes (36, 43-46).

workers.

There is a lack of educational outreach material on safe .
working practices to migrant construction workers,
particularly in the post-flood environment available to

An increase in the migratory phenomenon among workers has created a cultural and linguistic barrier
leading to poor safety standards, lack of information and education, and safety training. This exposes them
to hazardous activities endangering their health and safety. (44, 47-49).

There has been some success with utilizing e-learning tools to
assist migrant farm workers with health and safety education.

information.

There is a need for e-learning tools to help improve knowledge and understanding of safety and health

o Other learning tools such as PPE training among workers following —one-to-one training sessions, using
different types of training models has some success as well.

o There is a need to create effective modules for low-skilled, migrant workers with cultural and linguistic
barriers (23, 25, 49-51).

Contracting Agency (e.g., Fey y Justica)

SUPPLIER MARKETING
EFFORTS

* Targeting — Worker
advocacy groups
Communication —
academic/trade
journals and
conferences in
disaster
preparedness and
construction

Risk Reduction —
research-funded pilot
projects/federal
agency sponsorship

Organizational
Adoption
Decision

SOCIAL NETWORK

* Network Participation
- worker advocacy
websites, social media
promotion, news
articles

PERCEIVED
INNOVATION
CHARACTERISTICS
* Relative
Advantage
Compatibility
Complexity
Trialability
Observability
Uncertainty

ENVIRONMENTAL
INFLUENCES

* Network Externalities
* Competitive Pressure
Competition for skilled
labor, increased
regulatory standards for
disaster workers

ORGANIZATION
CHARACTERISTICS
* Size

* Structure

* Organizational
Innovativeness
Strategic Posture

FIGURE 1
Individual and organizational component diagram for the conceptual framework for organizational innovation adoption.

form of handouts &
training seminars
Personal Values — trust
in organizations/peers

Reconstruction Worker
ORGANIZATIONAL
FACILITATORS/PROMOTING SOCIAL
COLLABORATION USAGE
« Training — hx of useful -Network
training with Externalities
organization/designed to be -Peer Usage
compatible with job type v
* Social Persuasion — trust in
peers. and 'perso'nal Individual
relat/o.nsh'/ps with the [Worker]
organization Acceptance
+ Organizational Support — hx
of support during
deployment
PERSONAL ATTITUDE
CHARACI’ERIS"I’ICS TOWARDS
* Demographics— INNOVATION
appropriate h'mguage, _Beliefs
culture, and literacy Affects
level
« Tenure — hx of A
experience in disaster
recovery/organization PERSONAL
* Product Experience - DISPOSITIONAL
hx of good quality INNOVATIVENESS
information in the

information to reconstruction workers. For PA to be adopted by this

organization and synergize current protocols, the organization needs

to be made aware of how the program can be integrated into existing

networks of communication (social networks), meet the increasing

demand for
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skilled

reconstruction workers

(environmental
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influences), and meet the demands of the growing organization of
RF (adopted characteristics). These characteristics, along with the
supplier marketing efforts are unique to this specialized subset of
worker advocacy organizations. These factors can increase the
potential benefits that RF will obtain from adopting the PA. The

frontiersin.org
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adoption and promotion of PA by RF, in turn, plays a significant role
in the adoption by the individual worker, due to an extensive prior
history of the build-up of trust that the worker has for the
organization over the years. However, it is also important to
customize the features of PA to the needs of workers regarding
literacy level, cultural resonance with the largely Hispanic
immigrant population, and, most importantly, how useful the
e-learning tool is to the worker over existing tools such as
WhatsApp. All these factors are important for the widespread
adoption of PA by the reconstruction worker community.

3.2.2 Interviews with stakeholders in partnering
organizations

For additional information about the needs assessment, a series
of interviews were conducted with site leaders, managers, and
representatives from worker health and safety organizations, the
partnering organizations previously described. Information was
obtained on current best practices and protocols, suggested
strategies to impact worker safety preparedness, the acceptability
and utility of the PA concept, facilitators and barriers to
implementing PA in the field, and consideration of critical
factors to consider in PA development in terms of design
and implementation.

3.2.3 Review of PA concept

The PA concept was vetted in interviews and review meetings
in numerous private, federal, and academic organizations. One of
the collaborating partners for the project, Fe y Justicia, provided
an initial review of the PA concept, including concepts for (1)
user login interface, (2) demographic information, (3) a health
and safety course on personal protective equipment (PPE), and
(4) post-course testing. PA staff met with this organization’s field
staff, managers, and executive director to review the initial
This PA
recommendations for design, including (1) educational material

prototype. concept was well received with
needed to be available in both Spanish and English, (2) material
needed to be written at a third-grade education level, and (3)
security information regarding work location and agreed on
wages needed to be included as a key feature of the program.
These barriers to a safe working environment that informed PA

development are provided in

TABLE 3 Interview key findings.

10.3389/fenvh.2024.1368077

3.3 Task 1.3: describe the context for the
intervention, including the population,
setting, and community

PA was developed for implementation in organizations that
coordinate the initial group of construction workers that help
repair a community damaged by natural disasters. The partner
organization provided an ideal representation of this type of
organization in terms of size, location, experience, and participant
demographics. The worker population (demographics, insurance
status) provided an excellent testbed for development. The priority
environmental focus was the reconstruction worker advocacy
organization. Federal guidelines regarding worker safety provided
authority documents that informed the organization’s training
operations. While federal representatives were interviewed in the
early stages of the design, the application of PA in a broader
community context was outside the scope of the project.

3.4 Task 1.4: state program goals

The goal of the PA was to apply digital decision support to
their

organizations to meet national metrics for efficacy in worker

enable  reconstruction workers and coordinating
safety training to minimize worker risk during disaster response.
Respective individual worker and coordinating organization goals

for PA included the following:
(@)

Reconstruction workers exposed to PA training will show
much greater declarative and procedural knowledge about
worker safety practices.

(b) Reconstruction workers exposed to PA training will
demonstrate significantly greater behavioral capability to
perform work safely.

(c) Reconstruction workers will be able to access food, lodging,

and personal and work-related supplies more easily while

working in a recent natural disaster site.

(d) Field staff for worker advocacy groups for reconstruction

workers that adopt and implement PA will rate PA as

providing relative advantage over current practice (i.e., more
acceptable, utilitarian, efficacious, and feasible) in worker

safety training and management of workers.

G e e

1. | Wage theft

Both workers and worker advocacy organizations relayed that wage theft is a common occurrence for those who work in reconstruction.

Workers will frequently be told that they will be paid at the end of the week and then abruptly fired from the job before their wages are
paid. They are often not willing to go to the authorities or have the funds to hire legal assistance to help them. Worker advocacy groups

play a key role in informing workers about their legal options and ways to decrease the chances of wage theft from occurring.

Workers going into post-flood environments often begin work without key personal protective equipment. Masks are often not provided

Many of the post-flood location workers travel to lack available lodging in the area. Many of the nearby hotel rooms are reserved by

federal and state relief agencies. This causes many of the workers to sleep in cars or makeshift housing while working a job.

Because workers are mainly paid in cash, they are sometimes targeted for theft and can be assaulted in the process. Several workers

2. | Literacy barriers Workers are often illiterate with very minimal or no schooling in their country of origin.
3. | Lack of personal protective
equipment by the employer, and they cannot purchase it locally in hardware stores.
4. | Lack of shelter
5. | Crime
mentioned this has happened to them or a worker close to them.
6. | Discrimination

Workers report receiving disparate treatment when others know or sense they are day laborers (reconstruction workers)—i.e., told to

leave a store or public property, denied service at a store or restaurant.
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The first goal was measured in the initial pilot, and
subsequent testing is planned to include measuring outcomes of
the additional goals.

Step 2 comprised the following: identification of expected
outcomes, performance objectives, and determinants of the
behavior and environment; the development of matrices of
change objectives; and the construction of a logic model of
change for PA (53). This step enabled the triangulation of data
obtained in Step 1 (from theory, empirical findings, and
participant involvement) to inform a logic model of change.
Specific technical information regarding worker’s personal
protective equipment, wage protection, and safety features were
produced for PA’s educational modules based on the identified
This technical

information will be discussed in detail in subsequent publications.

needs derived from these from these tables.

4.1 Task 2.1: state expected outcomes for
behavior and environment

4.1.1 Expected individual behavioral outcomes
Expected individual outcomes included the worker’s ability to
select the proper PPE for a given health hazard (OE.1); being
able to properly don, wear, and replace PPE at work (OE.2);
being able to practice safe respiratory-borne infectious disease
practices at work (OE.3-7); improved ability to be able to contact
information to a WA group (OE.8); ability to provide medical
screening information to PA (OE.9); improved ability to contact
the WA group for advice (OE.10); ability to use PA to
successfully procure resources (OE.11); and ability to successfully
negotiate a predetermined wage according to schedule ( ).

4.1.2 Expected environmental outcomes

Expected environmental outcomes included the WA group use
PA to communicate most of their educational information to
workers (OE.la-b), an improvement in pre- and post-scores after
completing the education section (OE.lc), and a reduction in
worksite injury and illness rates (OE.1d). Outcomes also include
WA group adopting evidence-based worker safety guidelines and
training as usual practice. Expected behavioral outcomes include
the ability of the (WA) group to use PA to communicate their
logistical-related deployment information to workers (OE.2a-c).
Finally, the WA group will also use PA as a tool for organizing
their field staff during a disaster (OE3a—c) ( ).

4.2 Task 2.2: specify performance
objectives for health-promoting behavior
and environmental outcomes

Individual performance objectives related to two domains of
pre-deployment education and deployment logistical worker
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support. For pre-deployment information, the reconstruction
worker was expected to choose situation-specific PPE (PO.1),
correctly use/wear PPE in accordance with national guidelines
(PO.2), have general knowledge of respiratory-borne illness
prevention (PO.3), choosing appropriate masking to protect
against a specific health hazard (PO.4), correctly fitting masks
when wearing (PO.5), maintain distance to prevent respiratory-
borne illness (PO.6), and appropriately washing hands to prevent
(PO.7). the
reconstruction worker was expected to provide contact details to
the WA group (PO.8), provide medical status details to the WA
group (PO.9), use PA to help communicate with the WA group
(PO.10), determine field-related resource location (PO.11), and
successfully negotiate work contracts (PO.13) ( ).

infectious  disease For deployment logistics,

Organizational performance objectives included the ability of

the WA group to communicate disaster pre-deployment
knowledge to workers (PO1), the ability of WA group to
communicate disaster deployment logistics (locations of food,
lodging, supplies) to workers in the field (PO2), and the ability
of the WA group to aggregate and analyze worker input to better
refine their logistical coordination and prepare for future

deployments (PO3) ( ).

4.3 Task 2.3: select determinants for
behavioral and environmental outcomes

The IM process asks researchers to consult the literature on the
target behavior to identify ideas and constructs that closely align
with health promotion theory constructs to devise determinants
of the target behavior (54). Findings from the empirical
literature, relevant theory [i.e., CFOIA, Social Cognitive Theory
(SCT), Theory of Reasoned Action (TRA), Health Belief Model
(HBM)], and prior formative research (Task 1.2 above) informed
These
comprised declarative and procedural knowledge, self-efficacy,

the selection of behavioral determinants (52, 55-58).

outcome expectations, skills, and normative beliefs as important
and changeable for workers to perform PA-related performance
Additional
organizational managers to adopt PA included perceptions of PA

objectives  ( , ). determinants  for
as providing relative advantage across usability, feasibility, and
efficacy parameters. concretely ties the theoretical
constructs (RA, SCT, and HBM) to specific tasks of workers.

Reasoned  Action—takes into consideration behavioral
capability and normative perceptions in intention to act.
Comparison to opinions and practices of significant others (peer
workers, exemplary workers), organizational norms and
expectations, national guidelines can provide this type of
comparison (57).

Social Cognitive Theory—skills and self-efficacy are necessary
to successfully perform. Drill and practice and reinforcing
successive approximations to the goal behavior, goal-based
behavior, and assessment of behavioral accountability emanate
from SCT (56).

Health Belief Model—perceived susceptibility to risk and perceived

severity of the risk motivate health/risk reduction behavior (58).
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TABLE 4 Individual performance objectives and matrices of change objectives.

Behaviors

Performance

Knowledge

Skills and self-

Outcome expectations

10.3389/fenvh.2024.1368077

Perceived norms

Reconstruction workers
will reduce injury by
correctly using PPE

objective
PO.1 Choose

appropriate situation-
specific PPE

K.l.a. List PPE needed in
association with a specific
flooding hazard

iile-1aY
SSE.l.a. State confidence
and demonstrate ability

to use PA to select proper
PPE for a health hazard

OE.l.a. State that selecting the
proper PPE for a given health
hazard will reduce injury risk

PN.l.a. State that the use of

proper PPE is in accordance
with Federal safety standards
to be available

K.1.b.—Identify PPE that
meets the appropriate safety
spectacles for the identified
hazard

SSE.1.b. State confidence
and demonstrate ability
to use PA to select PPE
with the appropriate
spectacles

OE.1.b. State that using the
appropriate spectacles for PPE
will reduce injury risk

PN.1.b. State that the use of
PPE with appropriate
spectacles is in accordance
with Federal safety standards

PO.2 Correctly use/
wear the PPE in
accordance with
national guidelines

K.2.a. State how to don
identified PPE
appropriately

SSE.2.a. State confidence
and demonstrate ability
to demonstrate how to
don PPE properly

OE.2.a. State that donning
PPE appropriately will reduce
injury risk

PN.2.a. State that training of
new workers in PPE use is in
accordance with Federal
safety standards

K.2.b. State how to wear
PPE appropriately during
work

SSE.2.b. State confidence
and demonstrate ability
to properly wear PPE

OE.2.b. State that wearing PPE
properly during work will
reduce injury risk

PN.2.b. State that increased
identification of workers
needing training and training
certification is in accordance
with Federal safety standards

K.2.c. State when to change
out PPE

SSE.2.c. State confidence
and demonstrate ability
to use PA to find out
when to replace PPE and
demonstrate proper
technique

OE.2.c. State that changing
out PPE at the worksite (if
replacement available) will
reduce injury risk

PN 2. c. State that crew plans
for PPE to be changed out on
schedule and incorporated
into their operations is in
accordance with Federal
safety standards

Reconstruction workers
will minimize risk of
COVID-19 infection
and transmission.

PO.3 Respiratory-borne
illness—general

K3.a. State that COVID-19
virus is spread via

SSE.3.a. State confidence
and demonstrate ability

OE.3.a. State that practicing
proper distancing and other

PN.3.a. State that plans of
work schedules and job

knowledge respiratory-borne routes to show in PA they can | measures at worksite based on | planning based on knowledge
find where resources on | education will minimize risk | of respiratory virus-borne
explanation of of COVID-19 infection and | illness is in accordance with
respiratory-borne viruses | transmission Federal health regulations
K3.b. Symptoms related to | SSE.3.b. State confidence | OE.3.b. State that recognizing | PN.3.b. State that work
viral respiratory-borne and demonstrate ability | symptoms of virus-borne groups identify symptoms of
illness workers show in PA they | illness at workplace will respiratory-borne illness at
can to find symptoms of | minimize risk of COVID-19 | workplace in fellow workers is
virus-borne illness infection and transmission in accordance with Federal
health regulations
K.3.c. State how long SSE.3.c. State confidence | OE.3.c. State that the workers | PN.3.c. State that workers and
quarantining process needs | and demonstrate ability | and foremen practicing foremen plan for absences
to be in place to refer to PA for how appropriate quarantining of | due to quarantining and
long quarantine period is | workers will minimize risk of | automatically incorporate
and how to plan for COVID-19 infection and quarantine expectations into
absence at worksite transmission their workplace is in
accordance with Federal
health regulations
K.3.d. State the potential SSE.3.d. State confidence | OE.3.d. State that workers and | PN.3.d. State that workers and
health complications from | and demonstrate ability | foremen recognize health foremen relay to new workers
viral respiratory-borne to refer to PA for health | complications associated with | about health complications
illness complications and how | respiratory-borne illness and | related to respiratory-borne
to plan for seeking seek care early will minimize | illness and are supportive of
needed healthcare risk of COVID-19 infection healthcare interventions is in
and transmission accordance with Federal
health regulations
PO.4 Choose K.4.a. Identify masks SSE.4.a. State confidence | OE.4.a. State that worksite PN.4.a. State that workers are

appropriate masking

associated with which
particular health hazard

and demonstrate ability
to obtain appropriate
mask for a given health
hazard

practices including wearing an
appropriate mask for a given
health hazard will minimize
risk of COVID-19 infection
and transmission

supportive of each other
wearing appropriate masks in
accordance with Federal
health regulations

PO.5 Correctly fit mask

K.5.a. Describe the
technique for putting on a
mask correctly

SSE.5.a. State confidence
and demonstrate ability
to don a mask

OE.5.a. State that worksite
practice of donning a mask
will minimize risk of COVID-

PN.5.a. State that appropriate
donning of masks for affected
employee is acceptable for

appropriately 19 infection and transmission. | workplace and is in
accordance with Federal
health regulations
(Continued)
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TABLE 4 Continued

Behaviors

Performance

Knowledge

Skills and self-

Outcome expectations

10.3389/fenvh.2024.1368077

Perceived norms

objective
PO.6 Maintain distance

K.6.a. State the safe what

distance is needed to be
away form an infected
colleague safely

iile-1aY

SSE.6.a. State confidence

and demonstrate ability
to keep appropriate
distancing

OE.6.a. State that workers

knowing what an appropriate
distance is at worksite will
minimize risk of COVID-19
infection and transmission

PN.6.a. State that appropriate

safe distance practice
observed at worksite is in
accordance with Federal
health regulations

PO.7. Wash hands

K.7.a. List techniques of
washing hands—duration,
motion

SSE.7.a. State confidence
and demonstrate ability
to use appropriate

handwashing techniques

OE.7.a. State that observation
of appropriate handwashing
techniques among workers
will minimize risk of COVID-
19 infection and transmission

PN.7.a. State that appropriate
practice of taking the time to
hand wash is acceptable as
part of workplace practice is
in accordance with Federal
health regulations

Reconstruction workers
will reduce on-the-job
risk by communicating
with their contracting
organization.

PO.8. Provide contact
details and information
to the supporting
worker advocacy group

K.8.a. State advantages of
providing contact and
information to contracting
organization

SSE.8.a. State confidence
and demonstrate ability
to provide contact
information to a
contracting organization
using PA

OE.8.a. State that contracting
organization can contact
workers more often with
greater specificity to reduce
on-the-job risk

PN.8.a. State that providing
contact information to the
supporting worker advocacy
group is in accordance with
Federal safety guidelines

K.8.b. Describe the
information that can be
legally withheld from
contracting organization to
protect privacy

SSE.8.b. State confidence
and demonstrate ability
to opt out of not
providing worker
information to a
contracting organization

OE.8.b State that workers are
using PA with the expectation
that their contact information
will be held securely and PA

will reduce on-the-job risk

PN.8.b. State that PA is a tool
that will keep contact
information confidential and
is in accordance with Federal
safety guidelines

PO.9. Provide medical
status details to the
worker advocacy group

K.9.a. Describe the
advantages of providing
issues of past medical
history to a worker
advocacy group
occupational health
provider for organization

SSE.9.a. State confidence
and demonstrate ability
to relay information to
designated worker
advocacy group
occupational health
provider

OE.9.a. State that medical
information will be used to
successfully screen workers for
future jobs and will reduce on-
the-job risk

PN.9.a. State that a medical
screening will be to their
benefit prior to going into a
job and is in accordance with
Federal safety guidelines

K.9.b. State that medical
privacy data can be
withheld from contracting
organization

SSE.9.b. State confidence
and demonstrate ability
to opt out of providing
medical information to
RF occupational health
provider

OE.9.b. State that workers are
using PA with the expectation
that their medical information
will be held securely and PA
will reduce on-the-job risk

PN.9.b. State that PA is a tool
where the medical
information will be kept
confidential and is in
accordance with Federal
safety guidelines

PO.10. Communicate to
worker advocacy group

K.10.a. State the importance
of establishing
communication a worker
advocacy organization

SSE.10.a. State
confidence and
demonstrate ability to
successfully
communicate with a
worker advocacy
organization

OE.10.a. State that workers are
using PA to communicate to
worker advocacy organization
when they need assistance to
reduce on-the-job risk

PN.10.a. State that
communicating effectively
between workers and
supporting organizations such
as worker advocacy groups is
in accordance with Federal
safety guidelines

Reconstruction workers
will reduce on-the-job
risk by locating needed
resources in the field.

PO.11. Determine field-
related resource
locations

K.11.a. Identify needed
situation-specific field
resources for a given
scenario (e.g., food, lodging,
transportation)

SSE.11.a. State
confidence and
demonstrate ability to
locate and access where
situation-specific
resources are needed

OE.11.a. State that using PA
will reduce on-the-job risk by
locating needed resources in
the field

PN.11.a. State that workers
are able to work in disaster-
prone areas with the
expectation they will have
food, lodging, and supplies is
in accordance with Federal
safety guidelines

Reconstruction workers
will reduce risk of wage
theft by negotiating job
contracts a priori.

PO.12. Successfully
negotiate work
contracts

K.12.a. State why it is
important to negotiate wage
contracts

SSE.12.a. State
confidence and
demonstrate ability to
determine a set wage

OE.12.a. State that workers are
going into a job with the
expectation of a
predetermined wage that is
being paid according to
schedule to reduce risk of
wage theft

PN.12.a. State that both
workers and contractors have
an understanding of the
agreed-on wage that will be
paid on an agreed on schedule
and is in accordance with
Federal safety guidelines

CFOIA—important
implementation of technology from organizational and employer

perspectives (52).

This was used to inform the elements of adoption. It comes
into play in assessing usability and feasibility, which makes the

for

PA innovation appealing (52).

Frontiers in Environmental Health

considering

the adoption

and

performance objectives

with  psychosocial ~determinants

4.4 Task 2.4: construct matrices of change
objectives

Matrices were developed that cross-referenced behavioral

to

produce change objectives (Tables 4, 5). The resulting cells of
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TABLE 5 Organizational performance objective.

Behaviors

Performance

Knowledge

Skills and self-efficacy

10.3389/fenvh.2024.1368077

Outcome

Contracting organization
will ensure training in
PPE use, COVID-19
safety, communication,
resource location, and job
negotiation in the field

objective
PO.1 Contracting
organization leadership
group to communicate

disaster pre-deployment
knowledge to workers

K.1l.a. Leadership states
how to disseminate
educational information
to RF field staff

SSE.l.a. Leadership states
confidence and ability to
demonstrate dissemination of
material to field staff

expectations
OE.l.a. Leadership states
that providing training and
using PA for most of the
educational information to
construction workers will
reduce injury risk and
increase job safety

PN.l.a. Leadership states

that providing training and
using PA for educational
information to
construction workers is in
accordance with Federal
safety guidelines

K.1.b. Field staff state
how to disseminate
information to workers

SSE.1.b. Field staff state
confidence and demonstrate
ability to transmit
information to workers

OE.1.b. Field staff state that
educational outreach via PA
will reduce injury risk and
increase job safety

PN.1.b Field staff state that
communication with
educational outreach is in
accordance with Federal
safety guidelines

K.1.c. Staff state how to
ensure workers take test
and receive safety
certification

SSE.1.c. Staff state confidence
and demonstrate ability to
ensure workers take pre-test
and post-test knowledge test

OE.1.c. Staff state that
ensuring workers improved
training scores post-test
from pre-test will reduce
injury risk and increase job
safety

PN.1.c Staff state that
ensuring workers improved
training scores is in
accordance with Federal
safety guidelines

SSE.1. d. Staff state confidence
and demonstrate ability to
ensure workers complete all
criteria for safety certification

OE.1.d. Staff state that
ensuring workers complete
all criteria for safety
certification will reduce
injury risk and increase job
safety

PN.1.d Staff state that
ensuring workers complete
all criteria for safety
certification is in
accordance with Federal
safety guidelines

Contracting organization
will ensure clear and
consistent communication
with construction workers
in the field during the
deployment phase

PO.2 Contracting
organization leadership
group to communicate
disaster deployment
logistics to workers

K.2.a. Leadership states
how to relay geographic
food, housing, and
supplies to the field
Staff

SSE.2.a.Leadership states
confidence and demonstrates
ability to successfully relay
information to field staff

OE.2.a. Leadership states
that communicating latest
information to field staff will
ensure clear and consistent
communication

PN.2.a Leadership states
that communicating latest
information to field staff is
in accordance with Federal
safety guidelines

K.2.b. Field staff state
how to relay food,
housing, and supplies to
workers

SSE.2.b. Field staff state
confidence and demonstrate
ability to successfully relay
information to workers

OE.2.b. Field Staff state that
communicating latest
information to workers will
ensure clear and consistent
communication

PN.2.b. Field staff state that
communicating latest
information to workers is
in accordance with Federal
safety guidelines

K.2.c. Workers state
that they know where to
look for food, housing,
and supplies

SSE.2.c. Workers state
confidence and demonstrate
ability to receive information
and understand where to
procure food, housing,
supplies

OE.2.c. Workers state that
receiving the latest
information on food,
housing, and supplies will
ensure clear and consistent
communication

PN.2.c. Workers state that
receiving the latest
information on food,
housing, and supplies is in
accordance with Federal
safety guidelines

Contracting organization
will use data-driven
protocols for training and
deployment to reduce
construction worker

injury

PO.3 Contracting
organization leadership
group can calculate the
percent passing the health
and training certificate

K.3.a. Leadership states
that they can calculate
% passing the health

and training certificate

SSE.3.a. Leadership states
confidence and demonstrate
ability to calculate % passing
health and safety certificate

OE.3.a. Leadership states
that calculating accurate
scores and percent passing
rates will reduce
construction worker injury

PN.3.a. Leadership states
that calculating accurate
scores and percent passing
rates is in accordance with
Federal safety guidelines

PO4. Contracting
organization leadership
group can calculate how
many workers were able
to find food, housing, and
supplies

K.3.b. Leadership states
that they can calculate
how many workers
were able to find food,
housing, supplies

SSE.3.b. Leadership states
confidence and demonstrate
ability to aggregate details on
food, housing, and supplies

OE.3.b. Leadership states
that calculating how many
workers were able to find
food, housing, and supplies
will reduce construction
worker injury

PN.3.b Leadership states
that calculating accurate
scores and percent passing
rates is in accordance with
Federal safety guidelines

PO5. Contracting
organization leadership
group analyze how many
workers used wage theft
and pickup relay
information

K.3.c. Leadership states
that they can analyze
how many workers used
wage theft and pickup
relay information and
how many had issues

SSE.3.c. Leadership states
confidence and demonstrate
ability to analyze how many
workers used wage theft and
pickup relay information and
how many had issues

OE.3.c. Leadership states
that analyzing how many
workers used wage theft will
reduce future wage theft

PN.3.c Leadership states
that analyzing how many
workers used wage theft is
in in accordance with
Federal worker protection

guidelines

each matrix contained change objectives. Objectives were divided

into knowledge, skills and self-efficacy, outcome expectations,

and perceived norms. Change objectives describe the criteria for
which a specific determinant (e.g., self-efficacy) could positively

influence a specific performance objective.
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resultant
understanding of the functional components required by the PA

logic model

to impact worker behaviors (Figure 2).
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Step 3 comprised the following: the generation of the PA’s
scope and sequence, the choice of theory- and evidence-based
methods, and the design of practical applications to deliver
change methods. Step 3 tasks were informed by evidence tables
constructed in Step 1 and from the research team’s collective
academic and field experience. Regular planning group meetings
and brainstorming informed the PA plan.

5.1 Task 3.1: generate program themes,
components, scope, and sequence

The theoretical framework for the PA is based on the Social
), the Theory of Reasoned Action (57), the
Health Belief Model (58), clinical guidelines for workers and

Cognitive Theory (

COVID-19 safety (59), and the empirical evidence drawn from
the review of literature on evidence-based strategies to increase
worker safety. The development challenge was to meet both the
contracting agency management and reconstruction worker needs
in a format for easy institutionalization within the organizational
context. At the time of program planning and pilot testing,
COVID-19 was a Centers for Disease Control and Prevention
(CDC) Public Health Emergency, so aspects of COVID-19
prevention were planned and included to accommodate the
pandemic. These guidelines are applicable to any respiratory-
borne infectious disease and could be modified to prevent
outbreaks of other novel and common viruses.

10.3389/fenvh.2024.1368077

5.1.1 Components

Intervention components comprised the following: worker
profile and contact record, medical screening, post-flood health
and safety training, COVID-19 health training, e-learning
modules, and security features ( ). Design documents and
schematics were produced by the project team, reviewed by
stakeholders, and piloted with reconstruction workers prior to

implementation (detailed in Task 4.4 below).

5.1.2 Scope

PA scope was defined by evidence-based strategies shown to be
efficacious in increasing worker safety training and protocols in
worksites. Expert and end-user interviews (described previously)
and observation of contractor organizational workflow suggested
the scope and sequence of the PA functions and rollout
( ) and are described in detail in Step 4 below.

5.1.3 Theme

PA was designed to complement the existing training and
coordination protocols. The title, “Pocket Ark,” encompasses the
underlying tenet of a safety resource in the event of a flood and
carrying that safety resource (that expertise) “in your pocket.”

5.2 Task 3.2: choose theory- and
evidence-based change methods

5.2.1 Individual behaviors
Theoretically and empirically based methods varied for each
PA component. Methods included self-evaluation and assessment

Logic Model of Change for PocketArk (PA)

PocketArk Program

Outcome Objectives
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> > >
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TABLE 6 Example of methods and practical applications used in pocket Ark.

10.3389/fenvh.2024.1368077

Behavioral outcome: reconstruction workers will reduce injury by correctly using PPE

Performance objective: PO2. Workers will correctly use/wear personal protective equipment in accordance with national guidelines

Method

Change objective #

Practical application

Knowledge

K.2.a. State how to don identified PPE appropriately Skill building

Videos and instructions provide step by step instructions on how to
properly don equipment at appropriate literacy rates and cultural context

K.2.b. State how to wear PPE appropriately during work
raising

Modeling, consciousness

Video demonstrations provide examples of works in a variety of
environments; health hazards associated with improper wear discussed

K.2.c. State when to change out PPE

Feedback, skill building,
consciousness raising

Pocket Ark provides reminders when it is time to change out equipment,
instruction on how to change out PPE is provided, health effects associated
not changing out PPE is discussed

Skills and self-efficacy

SSE.2.a. State confidence and demonstrate ability to illustrate how
to don PPE properly

SSE.2.b. State confidence and demonstrate ability to properly wear
PPE

SSE.2.c. State confidence and demonstrate ability to use PA to find
out when to replace PPE and demonstrate proper technique

Modeling, feedback

Demonstrate technique to foremen and staff

Foremen and other crewmembers can provide input on technique, PA to
send reminders on continuing to use wear PPE

PA to send reminders to change out PPE, proper technique on changing
out PPE, helps locate supplies

Outcome expectations

OE.2.a. State that donning PPE appropriately will reduce injury risk | Skill building,

Peer support

OE.2.b. State that wearing PPE properly during work will reduce
injury risk

OE.2.b. State that changing out PPE at the worksite (if replacement
available) will reduce injury risk

Organizational support

PA provides education on injury risk reduction due to wearing PPE
appropriately; foremen and other crewmembers discuss injury risk
reduction with wearing PPE appropriately

Reinforced with PA reminders, certification renewal, increased chance of
being hired

PA provides education on injury risk reduction due to proper PPE use
during work; foremen and other crewmembers discuss injury risk reduction
with PPE use during work

PA provides education on injury risk reduction due to changing out PPE at
the worksite; Foremen and other crewmembers discuss injury risk reduction
due to changing PPE at worksite

Perceived norms

PN.2.a. State that training of new workers in PPE use is in

accordance with Federal safety standards Peer feedback

PN.2.b. State that increased identification of workers needing
training and training certification is in accordance with Federal
safety standards

PN 2. c. State that crew plans for PPE to be changed out on
schedule and incorporated into their operations is in accordance
with Federal safety standards

Persuasive communication

Through discussions with foremen and other crewmembers, workers realize
that proper technique that adheres to federal safety standards is an
expectation for hiring with specified contractors. PA reinforces messaging
with identification of health hazards that workers are protecting themselves
from

of medical history, information transfer on PPE and COVID-19
protocols, feedback and reinforcement on procedural knowledge
simulation, advance organizers and real-time cues for in-field
application, simulation to assess skills for selection of context-
specific PPE and optimal use, role modeling, resource linkage
using geolocation in the field, and social support through
communication and technical support with the coordinating
contracting agency (Table 6). The project team selected methods
based on empirical evidence for their use to impact the target
determinants (53) (Tables 1 and 2).

5.2.2 Reconstruction worker organization
environment

5.2.2.1 Worker safety guidelines

Published worker safety guidelines and best practices were
consulted to determine the context of use for the PA. The PA
was aligned with the OSHA/Healthy People 2020/Federal
Guideline, which represents best-practice standards for US
worksite health and wellbeing (60).
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5.2.2.2 Organizational task analysis

Task analysis was conducted in the participating organizations to
examine data flow within the organization, manager decision-
making, interaction points between managers and workers, worker
accreditation/certification training, and worker field protocols. The
task analysis was based on how RF disseminates information. Briefly,
the RF has a national training director who has had extensive
training in construction health and safety. The training coordinator
assembles information on best training practices and designs this
information in a format that is appropriate for the literacy, language,
and level of skill levels of the spectrum of reconstruction workers the
material is targeted for. This information is currently distributed as
printed material. With the coordinating assistance of the director of
workforce engagement, this material is given to the field staff for
distribution directly to the workers by the training staff. The
training staff is composed largely of former reconstruction workers
with direct experience of the health and safety hazards that workers
will be encountering. Material is disseminated to the workers based
on need and focus at the time. This enabled the identification of

frontiersin.org
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Notes and questions

i.  CanResilience Force increase the scope of messaging
to workers with PocketArk (PA)?

construction worker education

Resilience Force (RF) Leadership determine focus, scope of work for B ii.

RF leadership will contact i d partnering
contractors in a safety certificate program.

Y

Determine a medical partner to review health
screening information.

i.  Can RFincrease the number of workers who follow

educational materials

Education Director works with staff to design and produce relevant

them using PA?
Enhance information on types pf safety information to
disseminate to them

I

l

Field staff reaches out to workers and disseminates educational material,
answers questions

iii.  Expand the scope of information to include health
screening questions?
Will need to have a health expert as part of RF to field

questions.

Will need to incorporate how to explain safety
certificate concepts to workers and contractors into

workers to be hired

Field staff goes into areas affected by natural disasters and scouts out
locations for workers to have housing, food, supplies, and places for il

the outreach program
We will need to incorporate a health screening
program into outreach.

Y

messaging services

Communicates this logistical information to workers via What's App

How to overlay PA with WhatsApp messaging.

Y
to field staff regarding success in ob

Worker relays it

food, lodging, health care availability, where to find supplies

How to best incorporate information on
lodging, food, and supplies into PA in the post-

Y

flood environment with limited cell phone
capacity

What's App

RF field staff incorporate worker information into revised messaging via

i.  How to best analyze results of PA

usage - determine successes and

‘ areas for improvement

ii.  Upgrades to PA and success
Y

RF to review aggregate data by workers to improve logistics for current | |

RF Field staff and Leadership review lessons learned after a storm and

How to best inform private
contractors of the program's

disaster and future incidents develop new for the future. success - provide incentives for
sustainable partnerships to grow
memberships.
FIGURE 3
Resilience force worker education task analysis flow.
logical opportunities for the adoption and implementation of PA for ~ messages and materials; and pretesting, refinement, and

) ( )-

training and coordination (

5.3 Task 3.3: select or design practical
applications to deliver change methods

Practical applications were selected to operationalize the
theory-based change methods in ways that fit the population and
setting. PA was designed for easy adoption by organizations that
currently incorporate computer-based methods for record
keeping and tracking of workers. The digital platform provided
an innovative solution to provide standardized training to the
workers on a platform that could be readily accessed on personal
devices and in a mixed-mode graphic/text application that could

be readily understood at a reduced reading level.

Step 4 comprised refinement of the PA’s structure and

organization; planning for program materials; drafting of
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production of materials.

Technology stack: Pocket Ark is constructed on a stable,
scalable, maintainable, and extensible technology platform. Major
1

application (authored in Typescript using the Ionic framework);

components include a cross-platform hybrid mobile
(2) a backend management application (developed on Node.js via
the Strapi framework); (3) a relational data persistence layer
(Postgres); and (4) third-party services (e.g., Twilio SMS) to
facilitate communication and coordination. The mobile app
component of the system is deployed via standard iOS and
Android app store channels, while the application backend is
deployed on Azure Cloud.

Ark  was

sustainability as a primary consideration. For example, the

System  sustainability: Pocket designed  with
database schema can be updated by a super-user directly in the
Strapi interface, allowing system maintainers to evolve the design
to meet changing user and organizational needs. Program
content and educational media can be updated, again in a web
interface, directly by coordinating organizations, allowing them
to deliver the most critical content they require for their

worker population.
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Commercial model: Pocket Ark is a proprietary system
intended that may be offered under multiple commercialization
models: as a subscription service, as a blanket organizational
license, or as an underwritten program funded by a Federal or
commercial agency.

6.1 Task 4.1: refine program structure and
organization

Evidence-based provider-level strategies, previously described
in the empirical literature (Step 1), informed the development
and adaptation of PA component strategies. PA assists the
coordinating center in collecting information and coordinating
the training and support of reconstruction workers while
providing hands-on decision support directly to the workers
within three deployment phases: pre-deployment, deployment,
and post-deployment.

6.2 Task 4.2: prepare plans for program
materials

PA design documents provided a blueprint of the functional
specifications of the prototype. Project team conference calls and
face-to-face meetings provided iterative review and feedback on
the design. Design documents described content, design features,

10.3389/fenvh.2024.1368077

implementation, orientation needs, and evaluation specifications.
Pocket Ark components are described below.

6.3 Task 4.3: draft messages, materials,
and protocols

Pocket Ark programming followed a stepped sequence. Each
component draft is built upon the iterative review of previous
developmental drafts, allowing multiple reviews.

PA coordinating center deployment dashboard (Figure 4): The
PA dashboard allows the coordinating center (e.g., advocacy
groups, contractors) to recruit workers via SMS, evaluate and
enhance their readiness for deployment, and manage the status
of deployments across sites. Worker deployment can be in
multiple states and for varied durations. The organization
dashboard provides coordination within each deployment phase,
designed to mitigate the risk faced by the flood zone workers in
hazardous environments in the post-hurricane recovery and
rebuilding  operations.  Pre-deployment functions
incorporate (1) worker profile and contract record entry, (2)

health status assessment, (3) COVID-19 prevention training, (4)

phase

disaster response behavior and safety training, and (5) scenario-
5).

incorporate (5) communication, (6) job contracting, (7) security

based assessment (Figure Deployment phase functions
and safety, and (8) resource linkage. Post-deployment functions
incorporate assessment and evaluation of health parameters,
incidents, and challenges. A description of each function is

functionality, language, logistics of wuse and worksite provided below.
@ PocketArk
@ PocketArk Logout
=1
Create a Worksite
S Create and Invite Readiness levels
- e Create a worksite and invite other workers 10 the site. Level1 TR
; WEZTR oo rosen
e - Or just invite a worker to partcipato in the PocketArk app. This wil involve sending an Health Survey Complate
SMS message to a parson along with a dowmioadable link Training or Action Pian Gompiete
m Training & Action Plan Complete
[ o]
Worksites
[ oo ]

2323 W Bay Area Blvd, Webster, TX

Scenario: I'm working in water up to my knees, above the level of slectrical outiets
Location: Indoor
Hazards: Flood, Electrcity, Biohazard

I I

Roadiness Scoro: 52% e m—— o
UserID s Location Poac™®S  DatoJoined  Datotrained  Status @
v UBDSS Readytodeploy 2323 W Bay Area BN, WeDster, TX s @ s 3.28-20 Active
¥ UBDS6 Intraining 2323 W Bay Area Bivd., Webster, TX 3 3-27-20 Active
[~ ]

v UBDS7  Loftworksite 2323 W Bay Area Bivd., Webster, TX 1 @  s220 expiced Disabled

FIGURE 4

Coordinating center deployment dashboard.
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‘ COORDINATING CENTER DEPLOYMENT DASHBOARD

PA on LABORER’S

A

PORTABLE DEVICE

COVID-19 PREVENTION TRAINING

Protocols Training Module:
*Masking/Hand washing/Testing
*Returning to work post COVID

v

DISASTER RESPONSE BEHAVIOR & SAFETY TRAINING
Flood Health & Safety Training Module:

*PPE — ANSI standards for hazards:

*Electrical, Water, Fire, Chemical, Enclosed spaces

v

PRE-DEPLOYMENT DEPLOYMENT
1. WORKER PROFILE & CONTACT RECORD 6. COMMUNICATION
Set up employee record: Demographics: Age, Communicate with RF Supervisors & contractors
Contact details, Employment Hx +
‘ 7. JOB CONTRACTING
2. HEALTH STATUS ASSESSMENT & TRAINING Contractor information;
Health Screening Assessment: Co-morbidities, Wage negotiations
Medication Use, Symptoms #
¢ 8. SECURITY AND SAFETY

Location work-site;
Pick-up/drop-off ;
Geo-location for supervisors

v

. RESOURCES
Information;
Lodging, Food, and equipment

'

POST-DEPLOYMENT

ASSESSMENT & ACCREDITATION
Scenario-based assessment & feedback

10. ASSESSMENT & EVALUATION

Health parameters; incidents; challenges.

FIGURE 5
Pocket Ark function by deployment phase.

Pocket Ark component strategies for construction workers
( , #1-10): The PA prototype has an interface for workers
to engage in pre-deployment, deployment, and post-deployment
activities (previously listed and described in greater detail below).

6.3.1 Pre-deployment

Pocket Ark pre-deployment activities comprise building a
worker profile, health status monitoring, COVID-19 training,
disaster response behavior, and safety training, and skills
#1-5).
deployment phase updates a database to maintain worker contact

assessment and accreditation ( R The pre-
details, medical history, and accreditation status (skills training
and COVID-19 protocols) and cues the contracting agency to
assist workers to obtain needed skill sets.

Worker profile and contact record ( , #1): The
reconstruction worker sets up a personal profile that comprises
age, home address, email, and telephone callback number. This
information is used by the coordinating center to help identify
and locate workers who are working in an affected flooded area.
Phone contact information is used to rapidly contact and
communicate with workers in the post-flood environment. The
worker profile section is optional. Workers can elect to opt out if
they are concerned about confidentiality. This does not impact
access to other PA functionality.

Health status assessment and training ( #2 and

): The reconstruction worker sets up a medical history
profile by providing responses to a series of basic medical

15

screening questions drawn from surveys of history of chronic
disease (including cardiovascular disease), heat illness, daily
medications, dietary needs). Health domains comprise physical
fitness (e.g., ability to walk up two flights of stairs, ability to run
two blocks) and respiratory and cardiovascular-related health and
symptoms (e.g., cough, shortness of breath, chest pain, difficulty
breathing). Questions include “Do you have any history of heart
or breathing problems?” and enquire about currently used
medications. The medical history data enable PA to cross-
reference reported hazards in the field with worker medical
history data to enable tailored advice to be provided in real time
to the worker in the field. This also provides the contracting
agency with medical information available in an emergency.
These questions are intentionally designed with low readability
scores, aiding reconstruction workers with limited health literacy
in effectively comprehending them. In addition, the application
will offer Spanish language support along with flexibility to use
help from supervisors and worker advocacy staff (WAS),
benefiting a predominantly Hispanic worker population and
enhancing their understanding of the questions.

COVID-19 health training ( , #3): The COVID-19
training module discusses precautionary behaviors to mitigate
COVID-19 risk. Worker training comprises (1) infographic
representation of different types of face masks, their application,
and their ability to reduce viral spread; (2) pictograms of proper
hand washing techniques and use of different hand cleaners; (3)
guidelines on different types of COVID-19 testing (lab and home


https://doi.org/10.3389/fenvh.2024.1368077
https://www.frontiersin.org/journals/environmental-health
https://www.frontiersin.org/

Perkison et al.

10.3389/fenvh.2024.1368077

A Health Status B

Assessment

Behavior & Safety training

Disaster Response

o1

[
< Action Plan

Have you had any medical issues
|J related to your lungs or heart?

Disaster Behavior
Assessment

Select an inventory item to learn more
il about it and how to use it

Nos Rospirator

Contract
creation

< Action Plan

Let's go over some inventory items
roquired.

Select an inventory item to learn more
about it and how to use it

Heary bty gloves (3

E Resource

location

4

Action Plan
Complete
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<
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bov
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king in water up to my knees

he level of electrical outlets

Here's a reminder of items to take with
you when working on the job.

1. Equipment

NS respirator

@ Neovy duty ghoves

{ Al
Water tight boots

2. Be current on vaccines

‘a s

< Create a Contract

Contractor/Employer

Save My Location

I'm Getting Paid

3 Daily

)

FIGURE 6
Pocket Ark prototype screen captures.

testing) including pictographic instructions for home testing kits;
and (4) video of return-to-work protocols for those testing
positive based on recent OSHA guidelines. Case-based surveys
are provided for self-assessment and feedback on the knowledge
obtained. PA provides managers of the contracting agency with
training and resources on managing COVID-19 from a
supervisor’s perspective and how to set up an onsite screening
system at the worksite to prevent COVID-19 spread.

Disaster response behavior and safety training (Figure 5 #4 and
Figure 6B): Disaster response behavior and safety training comprise

Frontiers in Environmental Health
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skills training on (1) recognizing types of hazards and (2) PPE use.
Types of hazards include the presence of water (type, depth, and
flow), electrical hazards (e.g., live wiring), fire, physical debris
(e.g., submerged material), biohazards (e.g., mold, chemicals,
irritants, toxins), biological hazards (e.g., fire ants, snakes), and
enclosed spaces. Training modules apply strategies of case
studies, pictograms, and infographics to increase knowledge and
skills for working in flooded environments. Training modules are
provided on PPE that is needed to safely enter flooded buildings
and begin demolition and reconstruction work. Details are

frontiersin.org
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provided regarding the appropriate protective equipment for the
head, hands, and feet to wear in the post-flood
environment.  This delivered by with
accompanying visual graphics. Training based on the
American National Standards Institute (ANSI) standards and
labeling that indicates approved equipment (62). The meaning of
the ANSI standards and labeling is demonstrated for different

hazards that workers are likely to confront in the post-flood

eyes,

content is text

is

environment, including electrical, water, fire, chemical, and
enclosed spaces.

#5and
): Assessment employs a quiz-based drill and practice

Disaster behavior assessment and accreditation (

quiz format to assess workers on control methods when
encountering an array of different types of hazards. Scenarios are
provided, and the worker is prompted to correctly identify
hazards, appropriate equipment required, and recommended
protocols for use. An assessment and feedback report on the
worker’s readiness is also made available for review by the
supporting worker advocacy organization.

6.3.2 Deployment

Deployment activities comprise real-time field use of PA to
ensure consistent bidirectional communication, negotiate
contracts, ensure safety, and locate and access resources.
#6): PA enables bidirectional
with the

contracting organization that operates as the communication hub

Communication (
communication between reconstruction workers
to convey updates to all workers on the changing parameters in
the field. This information is consistently updated from status
reports from workers on the ground. Workers and the
coordinating center will therefore have the latest information on
changing conditions and resources. This fulfills the evolving need
on the ground based on the information about the location/event
at the time of the deployment into the flood zone areas.

#7 and
with a standard form to record employer details and agreed dates,

Job contracting ( ) PA provides workers
times, tasks, location, and agreed wages (weekly, daily, hourly).
This electronic document can be uploaded to the contracting
organization as validation of an agreement in the field. The feature
provides some documented evidence of worker contracts should
there be reneging of negotiated contracts by employers.

Worker geolocation ( #8): PA enables workers to send
their worksite location to the contracting organization database
for employee monitoring. This is useful if the employer does
not provide them with transportation back home at the end of
their workday.

#9 and ): PA
can enable GIS location of types of resources (accommodation,

Resource monitoring and access (

equipment, food distribution) to support the reconstruction
worker in the field. Through menu options, the worker can
geolocate the needed supplies. The PA application programming
interface (API) enables seamless integration with ArcGIS maps.

6.3.3 Post-deployment
PA post-deployment takes the form of a debrief assessment of
(e.g.

health parameters symptoms experienced), incidents
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(injuries), and challenges (i.e., problems associated with contract
negotiations, resource access, and PA functionality) ( ).
Continuing education is also available to workers after an
incident to increase their employability and safety.

6.4 Task 4.4: pre-test, refine, and produce
materials

A formative single-group pre-post usability field test was
conducted with a sample of self-identified day laborer
construction workers to assess usability parameters and short-
term efficacy relating to program goals A (knowledge) and B
(behavioral capability). Prior to the field test, in-house alpha
testing was conducted to ensure the Phase 1 prototype was free
of programming bugs and logical errors. Construction worker
12

recruited to participate in the study from an urban site where

recruitment: self-identified construction workers were
day laborers meet each day to be hired for construction work.
This group was selected for pilot testing as workers who
specifically identified as only working in reconstruction were
not readily available at the time of the pilot. These day laborers
were chosen as most identified reconstruction workers begin
their careers as day laborers and often work in this capacity
when not working at reconstruction sites. The construction
workers are very similar to reconstruction workers in terms of
skill sets and knowledge base. All workers were adult males
with Spanish as their primary language, and all information
was provided to them in Spanish. Participants received a brief
verbal and written description of Pocket Ark and the goal of
the 1-h

individually in Spanish. Individual demographic data were not

session, which were read to each participant
obtained in response to participant requests to maintain

their confidentiality.

6.4.1 Assessment protocols

Pre-test assessment: Each participant completed a written and
practical assessment of declarative and procedural knowledge and
behavioral capability prior to using the training component of
PA. A research volunteer was available to answer questions or
to read test questions for workers who had questions or low
literacy. Knowledge was assessed using a 13-item multiple
choice questionnaire covering the PA training module content
on protective equipment, interpreting ANSI codes, and when to
wear proper equipment. Modules were conducted at a level of
having no prior knowledge of PPE or ANSI codes. Behavioral
capability was assessed using a practical discrimination test in
which participants selected the safest personal protective
equipment (i.e., hard hats and protective eyewear) from a
the
appropriate NIOSH safety labels. Pocket Ark training module

selection of four options by correctly interpreting
use: Participants were then provided with a cell phone with the
PA Safety App, worked through the educational module, and
then one case scenario. Participants could proceed unaided at
their own pace. The research field team was available for

questions or to individually read each screen of the app and given
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assistance with forwarding to the next screen if this was necessary.
Post-test assessment: Following module completion, participants
repeated the written and practical assessments. Participants
received a cash incentive payment of $25 for participating.
Procedures and forms were reviewed and approved by the
Committee for the Protection of Human Subjects (CPHS) of the
University of Texas Health Science Center at Houston with the
Protocol Number: HSC-SPH-19-0571. Analysis: Differences in
written and practical pre- and post-test assessments were
determined using paired T-tests.

6.4.2 Results

Five participants completed the knowledge testing, and 11
participants completed the practicum testing. Seven participants
did not complete the PA assessments due to early job
placement pick-ups (n=3) and incorrect data entry on phones
(n=4). For the knowledge test, the range of duration for
participants to complete the PA ranged from 20 to 60 min,
depending on literacy level and comfort with technology.
Participant’s safety knowledge significantly increased after
exposure to PA. The mean difference score between the
knowledge pre- and post-tests was 3.20 (£1.30), with a paired
T-test statistic of 5.49, df=4, p=0.0054, 95% CI (1.58-4.82)

10.3389/fenvh.2024.1368077

( ). Individual changes in pre- and post-test scores are
shown in Practicum test scores did not change
significantly (Wilcoxon signed rank =22, p = 0.1875) though the
11 participants demonstrated a positive net increase in scores.
In post-test debrief interviews, the reconstruction workers
confirmed their appreciation for the Pocket Ark project, the
importance of the PA content, their lack of access to existing
salient health and safety information, and the lack of support
from employers in providing personal protective equipment.
Many also voiced concerns about feeling vulnerable to wage
theft and the unwillingness of employers to listen to health and
safety concerns. The main barriers to using PA were low literacy
(four participants required that the entire content of the pre- and
post-tests and the PA content be read to them) and limitations on
time to thoroughly review the PA material.

The PA research team is currently revising the program
based on these initial results. PA is being changed to
accommodate low literacy levels by making all modules
incorporate audio features, which do not require reading. In
addition, modules are being redesigned for workers with
minimal reading skills to more easily navigate from module to
module by having simplified screens with more identifiable
images on each selection.

- Worker 1
— = Worker 2
== Worker 3
=+ Worker 4

* Worker §

Time

FIGURE 7
Pre- and post-Pocket Ark written test scores



https://doi.org/10.3389/fenvh.2024.1368077
https://www.frontiersin.org/journals/environmental-health
https://www.frontiersin.org/

Perkison et al.

Step 5 describes the future steps that we will initiate to make
PA a usable product. This includes further refining who will be
the the
performance objectives for implementation, constructing matrices

program implementers, defining outcomes and

of change objectives for implementation, and designing

implementation interventions (27).

7.1 Task 5.1: identify potential program
implementers

The PA is specifically designed for use by the field staff of worker
advocacy groups for reconstruction workers responding to disasters
and the reconstruction workers themselves. Potential adopters
included workers in reconstruction for flooding, wildfire, and
other natural disaster areas. From an organizational standpoint,
worker advocacy groups, private construction contractors, non-
profit disaster relief agencies, and both federal and state
government disaster relief agencies are all potential adopters.

7.2 Task 5.2: state outcomes and
performance objectives for implementation

Performance objectives for adoption were brainstormed by the
project team with consideration of the decision-makers in the
network and informed by the IM framework and characteristics
). Outcomes included that
(1) implementers (both individual workers and employers)

for the diffusion of the innovation (

would recognize a need for PA and its relative advantage and
make a formal commitment to utilizing information technology.
Steps for implementation included that the employer would
assess the need for a program to provide health and safety
information as well as logistical support to workers, review the
program and its components and note objectives and relative
advantages for its adoption, obtain feedback from workers on
potential barriers to/advantages of adopting the program, and
agree to trial the components.

7.3 Task 5.3: construct matrices of change
objectives for implementation and Task 5.4:
design implementation interventions

Critical opportunities for PA implementation in worker
communities were identified using task analysis (previously
described). This
technology channels by which to deploy the needed strategies.

also helped identify existing information

Matrices categorized objectives for PA to implement performance
objectives at the construction site and for champions among the
to lead The WAS were
differentiated into two different groups: WAL and worker
advocacy field staff (WAFS). WAL includes those members of the
worker advocacy group that represent the disaster response’s

workers implementation efforts.

central coordinators, and the field staff are those at the disaster
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area itself, identifying worker needs and locating available
resources. Champions from the WAFS and workers were
identified as important parts of the program’s implementation.
Advantages of PA include easy access to health and safety
information and a requirement of only a single investment of
resources (learning to use PA). This upfront commitment is
offset by significant increases in safe construction behaviors,
improved ability to identify preexisting health conditions that
require medical screening, and improved ability to negotiate fair
wages ( ).

Step 6 comprises developing effect and process evaluation
questions, indicators and measures of assessment, and specifying
an evaluation design to measure outcomes.

8.1 Task 6.1: write effect and process
evaluation questions

The main question to be addressed in the evaluation of PA is:
Does the program’s use improve the health of the reconstruction
worker? Stated as an alternative testable empirical hypothesis: A
network of reconstruction workers who use PA in the context of
their usual work in the aftermath of flooding disasters will
demonstrate significantly decreased rates of on-the-job illness and
injuries, respiratory-borne illnesses, episodes of not being picked
up from work successfully, and wage theft when compared with
of
working. Process evaluation will include the assessment of

reconstruction workers who use conventional methods

mediators for successful use of PA by the reconstruction worker
and the organization.

8.2 Task 6.2: develop indicators and
measures for assessment

Evaluation of PA will focus on the collection of centralized data.
Worker measurements include the completion of educational
modules and utilization of the program for logistical information,
geolocation, and wage theft features. Organizational measurements
will include the ability to utilize PA to communicate logistical
information to workers, identify resources that workers will use,
and analyze outcomes to further improve the effectiveness of PA
for both current deployments and planning for future events.
Planned process measures to assess implementation fidelity will be
specified for each strategy. These measurements can be ascertained
from backend PA data obtained from users.

8.3 Task 6.3: specify evaluation design

The pilot test for using PA’s features for workers will be tested
using a high-fidelity simulated response scenario. We will recruit
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TABLE 8 Implementation of outcome measures: usability, feasibility, impact, and process.

[+ Constructinstrment

Day laborer/disaster preparedness worker (individual-level) constructs and assessment

1

Personal characteristics and org.
facilitators

Behavioral capability

Medical history
Readiness index

Attitude toward the PA innovation

Feasibility exit survey

Survey comprising demographic variables (i.e., gender, race/ethnicity, age, professional experience); occupational health
information; attitudes toward technology and technology-based training; and perceived motivators to engage in training (i.e.,
certification, social persuasion, org. support, and peer influences)

20-item survey assessing the worker’s procedural knowledge on the steps and skills to negotiate a contract and meet criteria for
operational readiness for post-flood clean-up. Items are derived from Pocket Ark performance objectives and are delivered before
and after the simulated training experience (60, 61)

History of cardiopulmonary disease, history of severe heat illness, list of current daily medications, special dietary needs, other
severe chronic medical diseases. (62)

Index derived from a combination of behavioral capability achievement and medical history assessment. Scoring criteria are
passing threshold for medical screening and a core fund of knowledge for deploying to a flooded environment (60-62)

A rating scale adapted from a previously validated usability scale and modified to correspond with the Pocket Ark interface and
functional features. Usability parameters include ease of use, credibility, understandability, acceptability, motivational appeal and
perceived impact using Likert scale ratings, and open-ended responses for recommended Pocket Ark improvement

Open-ended survey questions related to the worker’s experience with Pocket Ark including usability, impact, and
recommendations for future use. The interview is based on open-ended questions, adapted from correlates of individual-level
innovation adoption comprising (1) personal characteristics (technology experience and affinity); (2) potential motivators to use
Pocket Ark (e.g., org. support, peer use); (3) attitudes toward Pocket Ark acceptance including utility, ease of use, complexity; (4)
perceived impact on skills training); (5) problems and challenges; (6) recommendations to other users; and (6) suggested program
improvements (29)*

Worker advocacy field staff (organizational-level) factors: culture, relative advantage, and perceptions of innovation

7

8

9

Organization “inner setting”

Feature checklist

Feasibility exit interview

Implementation process measures
10 | Tracking

11

Problem log

Four factor 19-item scale assessing organizational factors of culture, learning climate, leadership engagement, and resource
availability. Validity and reliability established in healthcare organizations

This rating scale will be adapted from a 25-item scale (originally developed to assess the perceived improvement in clinical-based
support systems) that will compare the experience of “usual practice” worker disaster safety preparation training with and without
Pocket Ark. A 5-point semantic differential scale assesses parameters of ease (easier/harder), time (less time/more time),
thoroughness (more thorough/less thorough), accuracy (more accurate/less accurate), and impact (less impactful/more impactful).
Previously reported internal consistency (Cronbach’s alpha) was 0.95

Open-ended interview questions related to organizational administrator/manager/trainer experience with Pocket Ark including
usability, impact, and recommendations for future use. The interview is based on open-ended questions, adapted from correlates of
organizational innovation adoptions comprising: Adopter characteristics (size, structure, innovativeness); perceived innovation
characteristics (relative advantage, compatibility, complexity, trialability, observability, and uncertainty); and technology acceptance
(1) usefulness, (2) ease of use and complexity (problems and solutions), (3) impact (on worker skills training), (4) adoption (of
Pocket Ark protocols), (5) recommendations to other users, (6) future use intentions and suggested program improvements and
Pocket Ark marketing strategies (29)*

A report from the Pocket Ark summarizing the online access to features, assets, and resources

Listing of functional problems of Pocket Ark experienced within the training implementation based on previous protocols

?Informed by the Conceptual Framework of Individual and Organizational Innovation Adoption (Figure 1) (29).

64 construction workers by working with our worker advocacy
program partner’s staff, utilizing their existing network of
employees. The test will be administered remotely, online, via the
participant’s cell phone app. Interested candidates will be asked
to complete an online consent form. Enrolled participants will
then be asked and health
information, (2) complete a simulated wage contract, (3)
complete specified training health modules, and (4) complete a

to (1) provide demographic

pre-behavioral capability test (Table 8).

A post-flood disaster scenario which is based on an actual
flooding event that has occurred will then be given via phone
will be asked

questions regarding their response to the different challenges he/

messaging to the participants. Participants
she might encounter in a post-flood construction event and
asked to respond appropriately. Information will be largely
graphical, and workers can take the module over several days.
The testing score results will be available to the participants
along with explanations. A brief acceptability assessment and exit
interview survey will be completed by the participants that will

Frontiers in Environmental Health

assess the program’s usefulness, evaluate for technical glitches
encountered, request suggestions for future implementation, and
derive ratings on PA perceived impact.

Organizational readiness will similarly be tested for WA field
staff. Ten field staff members will be asked to go through the
simulated training from their perspective including evaluating
worker readiness, identifying worker reconstruction  sites,
arranging logistical resources, and screening for deployment and
post-deployment health issues in workers. They will then be
asked to complete a survey on the organizational culture, a
features checklist assessing relative advantage of Pocket Ark
compared to usual training protocols, and a brief exit interview
assessing the Pocket Ark training experience in terms of adopter
characteristics, perceptions of innovation parameters, and
parameters of technology acceptance (Table 8).

Improvements in health and safety using PA will be obtained by
self-reported questionnaire of a cohort of reconstruction workers
using PA compared with a control group after our partnering

WA has begun utilizing it. The research arm of reconstruction
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workers using PA will be questioned regarding wearing PPE during
attributable
incidences of being left at work; having an infectious respiratory-

deployment; symptoms to workplace hazards;
borne illness; wage theft; and having a lack of adequate food,
water, lodging, and supplies to safety work. These evaluations
will be compared for significance on these variables with a
cohort of reconstruction workers who are not using the PA and

tested for significance.

Due to the increase in the number and intensity of flooding
it has
reconstruction workers about the numerous hazards they will

events, become increasingly critical to educate
encounter in the immediate post-flood environment and provide
them with real-time assistance during deployment at the
worksite. PA has been designed as an e-learning tool specifically
for reconstruction workers, which can address these pre-
deployment, deployment, and post-deployment needs. Utilizing
Intervention Mapping, we have been able to design a
comprehensive e-learning tool to provide critical health and
safety education to reconstruction workers in the pre-deployment
phase at the beginning of the job in affected areas. The findings
of this pilot study add to the literature on Intervention Mapping
indicating the utility of e-Health tools with a theoretical and
empirical basis (54). The steps of IM allow researchers to
consider theory, individual factors, and environmental contexts
to create targeted interventions with multiple components that
address multiple levels.

The prototype’s initial small pilot testing program shows
encouraging results that indicate that the educational approach
can be an effective means of learning and training in this
population. Based on our initial pilot, in which 50% of our
participants needed to have a staff member read the entire project
to them, it was learned that literacy rates vary greatly in the day
laborer populations. Some versions of our educational program
need to be available to the groups with lower literacy quartiles,
potentially providing training and education through pictorial
options only. Also, the field testing showed that even in the pre-
deployment phase of learning, educational modules need to be
brief and able to be completed in a few minutes to accommodate
the sometimes unpredictable and varied schedule of these
reconstruction workers. The modest increase in the participants’
pre- and post-practicum test scores indicates the need to elaborate
more on identifying appropriate NIOSH safety labels for the job.
Many times, these labels on equipment are small and difficult to
identify. Language barriers and literacy rates are also considered
an additional challenge for these individuals to understand the
hazards clearly. Increasing the number of visual cues in the e-
learning modules may help improve learning. It was also
recognized that the number of participants was small, and hence
we are currently evaluating the effect of the PA education module
on a larger cohort of participants.

Positive feedback was received from the workers involved in the

field testing and the numerous stakeholders in both the public and

22
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private sectors that have vetted the features of PA. Based on their
extensive feedback, the PA application is posed for further
development of the project during the pending Phase II
development: (1) enhanced security features, (2) customized
literacy learning, (3) improved ease of completing learning
modules, and (4) incorporation of employer/worker advocacy
interface are all features that will be emphasized.

9.1 Limitations

Study limitations include that the initial pilot was small and
testing only limited PA aspects designed for the individual
reconstruction workers. The initial test was for only day laborer
construction workers rather than those who specialize in
reconstruction work, and their skill level was not assessed as part
of interviews and pilot testing. Also, the study population of
reconstruction workers is mobile and, at the time, difficult to
reach, making long-term follow-up challenging. During the initial
pilot, many of our workers had to leave abruptly and were
initially reluctant to participate. Working more closely with the
WA group Resilient Force in future testing will help improve our
ability to conduct testing with a large cohort in a more
controlled setting.

9.2 Next steps

As outlined in Task 6.3, our next steps in PA’s development
will be to evaluate its full capability more fully with both
individual reconstruction workers and the WA group on an
organizational level. Completing this step will subsequently
develop PA to the point that it can be released for use as a
product, and efficacy testing of its use in actual deployments

can ensue.

PA can be an effective bridge of pre-deployment education and
deployment health and safety support for reconstruction work in
the immediate post-flood environment. In a time of rapidly
increasing natural disasters from a variety of causes, tools like PA
have the potential to greatly improve the safety of those working
to help affected communities.

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.
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