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Abstract

Warehousing and storage is an economically vital industry, with 1.2 million workers in 2020.
The Fulfillment Center Intervention Study focuses on workers in fulfilment centers in the e-
commerce segment of this industry. Fulfillment centers are a growing yet understudied work
environment which provides a unique setting to further examine how working conditions and
worker voice influence health. The Study involves a group-randomized controlled trial com-
paring participants in worksites randomized to launch the participatory intervention (Health
and Well-Being Committees, or HaWCs) with participants working for the same firm in con-
trol sites. HaWCs serve as a new formal voice channel where a small group of frontline
workers and supervisors solicit workers’ concerns and ideas about safety (e.g., physical
hazards), the psychosocial environment (e.g., how workers feel about their treatment at
work), and work organization (e.g., workflow, training opportunities, scheduling) and then
develop and implement improvement projects in response. The primary objectives of the
study are to evaluate the efficacy of the HaWC intervention and its effect on mental health
outcomes and changes in the conditions of work within fulfilment centers, and to conduct a
process evaluation of key contextual factors that support effective intervention implementa-
tion and sustained engagement. To our knowledge, this will be the first trial of a participatory
intervention within a fulfillment center setting. Anticipated challenges include competing
demands and company initiatives that may limit management support and high turnover.
Should the intervention be shown to be feasible, the outcomes from this study will inform
future randomized controlled trials of participatory interventions.

Trial registration: This trial is registered with the ClinicalTrials.gov registry
(NCT05199415) and approved by the Institutional Review Board (IRB) at the Massachu-
setts Institute of Technology (Protocol: 200800024).

PLOS ONE | https://doi.org/10.1371/journal.pone.0305334  July 18, 2024

1/18


https://orcid.org/0000-0002-2532-7814
https://clinicaltrials.gov/ct2/show/NCT05199415
https://doi.org/10.1371/journal.pone.0305334
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305334&domain=pdf&date_stamp=2024-07-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305334&domain=pdf&date_stamp=2024-07-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305334&domain=pdf&date_stamp=2024-07-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305334&domain=pdf&date_stamp=2024-07-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305334&domain=pdf&date_stamp=2024-07-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305334&domain=pdf&date_stamp=2024-07-18
https://doi.org/10.1371/journal.pone.0305334
https://doi.org/10.1371/journal.pone.0305334
http://creativecommons.org/licenses/by/4.0/
https://grants.nih.gov/grants/guide/pa-files/PAR-20-297.html
https://grants.nih.gov/grants/guide/pa-files/PAR-20-297.html
https://mitsloan.mit.edu/institute-work-and-employment-research/about-iwer

PLOS ONE

The Fulfillment Center Intervention Study

mitsloan.mit.edu/institute-work-and-employment-
research/about-iwer) and the MIT Sloan Health
Systems Initiative (https:/mitsloan.mit.edu/
centers-initiatives/health-systems-initiative/health-
systems-initiative-welcome). The funders had no
role in study design, data collection and analysis,
decision to publish, or preparation of the
manuscript.

Competing interests: NO authors have competing
interests.

Introduction

The work environment is an important social determinant of mental and physical health. Poor
working conditions, including high job strain [1, 2], non-standard work schedules, long hours
[3, 4], limited schedule control [5, 6], and limited voice [7] (i.e., workers’ opportunities to
share ideas and concerns about their work environment) are associated with higher risk of
injury and low job satisfaction [8] as well as common mental disorders, such as anxiety and
depression, and poor psychological well-being [9]. Poor mental health can have a negative
impact on health across the life course, including increased disability and higher risk of
chronic diseases and premature mortality risk [10, 11], whereas positive psychological well-
being predicts healthier aging and greater longevity [12]. Healthy and supportive work envi-
ronments are not only important for the individual health of workers, but also for the economy
more broadly. A 2022 report estimated that poor mental health in the U.S. workforce costs the
economy $47.6 billion each year in lost productivity [13].

The Warehousing and Storage industry provides a unique setting to further examine
how working conditions and specifically worker voice influence health. This industry has
experienced rapid growth in recent years; employment has nearly doubled since 2000 to 1.2
million workers in 2020 [14]. Much of this growth has been fueled by the rise of e-com-
merce (i.e., buying and selling goods on the Internet), a segment of the warehousing indus-
try that relies on work done in fulfillment centers; data on the fulfillment center workforce
specifically is more limited. Fulfillment center sales rose by 52%, contributing to a 37%
increase in employment in the broader warehousing industry, between 2014 and 2017 [15].
Black and Latino workers are overrepresented in fulfillment centers, as compared to the
overall U.S. labor force (Black workers: 25% vs. 12.3%; Latino workers: 35% vs. 18%) [15].
The racial and ethnic diversity of this workforce both reflects the future of American demo-
graphics and exposes workers already facing systemic health inequities to difficult working
conditions. Given this growth and composition, it is critical to investigate factors that influ-
ence worker health in fulfillment centers.

In the midst of this growth, and especially in light of the increased demand absorbed by
these workers during the COVID-19 pandemic, it is important to understand how the condi-
tions of work in fulfillment centers affect workers’ health. Fulfillment center workers face con-
ditions that have been demonstrated to affect health in other industries, including high job
strain (high job demands and low job control [1]), non-standard schedules, long hours [3],
and limited schedule control [5] that affects sleep duration [16] and increases work-family
conflict [6, 17, 18]. These work conditions also increase the risk for common mental disorders,
poor psychological well-being, and injury [9]. Data on fulfillment centers are limited, but the
warehousing, transportation, and utilities sector has among the highest prevalence of low job
control, anxiety, stress, and neurotic disorders [19]. Risks of injury and illness are high, with
an incidence rate of 5.1 for warehousing and storage compared to 3.1 for all industries and
twice the rate for cases with days away from work [20].

Fulfillment center workers have few opportunities for exercising “voice,” a key component
of our proposed intervention. Perceived voice—the ability to express opinions to improve
work conditions [21] predicts job satisfaction and contentment [7]. Unions have historically
provided a voice mechanism through which workers could share their concerns and influence
how work is accomplished, however union representation within fulfillment centers is sparse
[7, 12]. Filling the gap in research as it pertains to the health impacts of working conditions
within fulfillment centers, including voice as another measure of the psychosocial work envi-
ronment, can provide critical guidance for the development of strategies that will improve
population more health broadly.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305334  July 18, 2024

2/18


https://doi.org/10.1371/journal.pone.0305334
https://mitsloan.mit.edu/institute-work-and-employment-research/about-iwer
https://mitsloan.mit.edu/institute-work-and-employment-research/about-iwer
https://mitsloan.mit.edu/centers-initiatives/health-systems-initiative/health-systems-initiative-welcome
https://mitsloan.mit.edu/centers-initiatives/health-systems-initiative/health-systems-initiative-welcome
https://mitsloan.mit.edu/centers-initiatives/health-systems-initiative/health-systems-initiative-welcome

PLOS ONE

The Fulfillment Center Intervention Study

The Total Worker Health (TWH) approach, developed by the National Institute of Occupa-
tional Safety and Health (NIOSH) aims to improve the work environment and promote work-
related health and well-being through the integrated redesign of workplace policies, programs,
and practices. TWH approach uses an integrated approach to improving well-being by com-
bining a traditional concern with safety and protection from injury with a focus on conditions
such as workplace psychosocial supports and the organization of work which are related to
health promotion and other components of health and well-being more broadly [22]. Inter-
ventions employing this approach have demonstrated effectiveness in improving risk factors
for injuries and illness across a range of industries, including manufacturing, services, health
care, construction, telecommunications, and transportation [23, 24]. In their review of TWH
intervention studies, Anger and colleagues [23] found that all but one of the included studies
demonstrated statistically significant improvements on study outcomes. The authors con-
cluded that TWH-oriented interventions that address both injuries and broader wellness and
well-being outcomes can improve workforce health effectively and more rapidly than tradi-
tional programs focused exclusively on occupational safety and health.

Our study responds to a growing interest in participatory interventions, which create struc-
tured opportunities to exercise voice and involve workers in problem solving [25-28]. Accord-
ing to Nielsen and Randall [29], a participatory workplace intervention includes involving
workers in intervention design, identifying areas of improvement, developing action plans,
implementing action plans, and evaluating the results of the intervention [29]. From the per-
spective of voice research, participatory interventions give workers the opportunity to influ-
ence how they do their work (i.e., often aim to increase job control) but also provide
opportunities to share ideas, concerns, and expertise more broadly. Unlike more traditional
voice mechanisms such as unions, participatory interventions are unique in that they involve
input from both management and workers seeking mutually beneficial solutions. Participatory
interventions can therefore be understood as a new voice mechanism, a new channel for work-
ers’ input into the organizational environment. On-going interventions, in particular, provide
repeated opportunities to share concerns and ideas; those who are most directly involved also
have the opportunity to contribute to planning and implementing changes in their workplace.

Participatory workplace interventions have demonstrated positive effects on worker well-
being [30]. Previous research has shown that worker participation is an essential aspect of
effective organizational interventions [31] and that worker participation can improve health
and safety [32, 33]. Cross-sectional research finds that worker involvement is associated with
higher job satisfaction, less fatigue, and lower odds of injury [34]. The adoption of safety com-
mittees [35] with a broader scope and higher worker involvement is associated with fewer inju-
ries [36]. Despite these clear potential benefits for worker well-being, the integrated and
participatory TWH approach has yet to be studied in the fulfillment center work environment.

The aim of this paper is to present the study protocol of a cluster randomized trial designed
to evaluate the effectiveness of a participatory intervention of Health and Well-being Commit-
tees (HaWCs) in fulfillment centers consistent with the TWH model. The primary study
hypotheses were that workers in fulfillment centers randomized to receive this 12-month
intervention would have reduced psychological distress and improved psychological well-
being compared to those individuals in control sites. The process evaluation will document
how the intervention is implemented across each intervention site.

Methods

The description of the study follows the CONSORT statement, with the extension for a cluster
randomized trial [37].
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Study design

The study is a two-arm cluster randomized-controlled trial. The units of analysis are individu-
als within the cluster of fulfillment centers. There are three measurement time points: baseline
measured prior to randomization (T1), 6 months after baseline (T2), and 12 months after base-
line (T3). Process evaluation data will be collected for approximately 30 months, from baseline
through 18 months after the T3 survey. The study has been registered with the ClinicalTrials.
gov registry (NCT05199415) and approved by the Institutional Review Board (IRB) at the
Massachusetts Institute of Technology (Protocol: 200800024). Any changes to the protocol will
be approved by the IRB.

Study setting, population, and recruitment

The study utilizes an established research partnership with the supply chain division of a
mid-sized, non-unionized U.S. based retailer, heretofore referred to as “Sigma.” Sigma
employs approximately 4,800 non-supervisory employees in 24 fulfillment centers which
are geographically dispersed across the United States. Within a given fulfillment center, the
main job role is “picking,” whereby workers pick products, box them, and ship them based
on a customer’s order. Each fulfillment center utilizes one of three technology systems to
facilitate this work process: conveyors, carts, or robotics. Workers’ productivity, or how
many orders a worker fulfills, as well as a workers’ “time off task,” is monitored via addi-
tional technology.

Formative research and intervention development occurred in 2019 and 2020 and baseline
recruitment of fulfillment centers began in July 2021. Given research team staffing constraints
and Sigma’s interest in avoiding data collection during periods of high demand, there was a
sequential roll-out of the intervention in three groups of fulfillment centers between July 2021
and July 2022. See page 8 for additional details on participant recruitment.

Inclusion criteria. All fulfillment centers (N = 24) are assessed for eligibility for study
inclusion.

Exclusion criteria. Fulfillment centers are excluded from randomization if: there was a
previously established union in the fulfillment center (N = 1), there are < 15 employees at
the site (N = 1), the site served as the pilot site (N = 1), the site shuts down during the study
period (N = 1), or the site experiences a major change in leadership prior to or at the time of
the baseline survey (N = 4). The research team and Sigma agreed to exclude the unionized
site due to its distinctive nature and because the vast majority of sites did not have any
unionized workers. Future research could explore how this participatory intervention can
be implemented within a unionized context. See Fig 1 for the schedule of enrolment, inter-
vention, and assessment.

Randomization

Following baseline survey administration, fulfillment centers are matched based on the main pick-
ing technology (conveyors, carts, or robotics) and size (small, medium, large, or very large) based
on the number of workers within the fulfillment center. Within each technology and size group,
each fulfillment center is randomized to either receive the intervention or to maintain operations
as usual. Randomization occurred by randomly assigning numbers to be intervention or control
and then randomly assigning them to study buildings. Site managers are then notified of their ful-
fillment center’s treatment assignment. Given the geographic distance between fulfillment centers,
the likelihood of contamination between sites was considered minimal.
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STUDY PERIOD

Enrolment Allocation Post-allocation Close-out

TIMEPOINT** -t 0 t1 | t | 3 | ts | ts l ts | t7 | ts | ty tx

ENROLMENT:

Eligibility
assessment

Informed consent X
(trial)

Informed consent
(interviews)

23
E 2

Allocation X

INTERVENTIONS:

23
L 4

HaWC(C intervention X X

Control X X

ASSESSMENTS:

[Baseline outcomes
for front-line
workers and X
managers (primary
and secondary) |
[Outcomes at 6
months post-
allocation for front- X
line workers and
managers (primary
and secondary) |
[Outcomes at 12
months post-
allocation for front- X
line workers and
managers (primary
and secondary) |
[HaWC process
evaluation data X X X X X X X X X X
collection]
** -t1: 1 month before allocation; 0: study start; £1: 2- months after study start; £2: 4- months after study start;

t3: 6- months after study start; £4: 8- months after study start; £5: /0- months after study start; ts: /2- months after study start; £7: 18-

months after study start; £s: 24- months after study start; f9: 30- months after study start; #: 30-months after study start

Fig 1. Schedule of enrolment, intervention, and assessments.

https://doi.org/10.1371/journal.pone.0305334.9001

Blinding
Participants undergoing baseline measurement are unaware of arm allocation as randomiza-
tion occurs after baseline. Due to the nature of the intervention, it will not be possible to blind

participants throughout the data collection process. However, all recruitment materials will
describe the study goals quite broadly (e.g., “The purpose of the study is to understand what
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it’s like to work at a fulfillment center in general and to understand how changes in the work-
place affect your experience working at [Sigma]”) and will not mention the intervention. Addi-
tionally, those conducting final data analyses will be blinded to group allocation.

Intervention

The research team developed a new intervention, Health and Well-Being Committees
(HaWCs), which is informed by existing workplace participatory programs and by best prac-
tices for engaging workers in safety initiatives and continuous improvement strategies, e.g.,
problem identification and definition, solution brainstorming, and solution implementation
and testing [35, 38, 39]. The intervention was piloted in a fulfillment center between Septem-
ber 2020 and July 2021, after which the intervention was refined and finalized based on input
from the pilot site. Fig 2 presents the intervention model with expected changes.

HaWGCs will be composed of 10-14 frontline workers and supervisors and led by a “co-
lead” pair, comprised of one frontline worker and one supervisor. The dual management-
worker leadership structure is designed to facilitate a joint problem-solving orientation with a
focus on multiple stakeholder interests and mutual gain. Members of the HaWC are expected
to be volunteers and to represent different departments, tenure, and social identities (e.g., gen-
der and race). HaWC meetings will occur when associates and supervisors are “on the clock”
and compensated for their time. HaWCs are designed to be a new formal voice channel where
workers can submit concerns about the workplace environment pertaining to safety (e.g.,
physical hazards), the psychosocial environment (e.g., how workers feel about their treatment
at work), and work organization (e.g., workflow, training opportunities, scheduling). HaWCs
then will be charged with prioritizing concerns, designing, coordinating, and implementing
solutions, and tracking outcomes.

Following randomization, managers in intervention sites will meet with the research team
to plan the intervention launch, identify possible co-leads, and plan recruitment of HaWC
members. Co-leads will then participate in a multi-session training delivered by the research
team where they will be trained in the continuous improvement strategies and facilitation
skills.

The intervention is comprised of four distinct stages designed to provide scaffolded support
from the research team to the co-leads. The intervention stages include: the Start-up Phase, the
Transition Phase, the Sustainability Phase, and the Maintenance Phase. The Start-up Phase
(months 0-2 and meetings 1-4) consists of biweekly HaWC meetings during which the

Health & Well-being Specific
. o Outcomes
Committee Program Conditions of Work
Changes measured in survey:
* Voice environment (opportunity,
efficacy) [—
¢ Support (coworkers, managers)
Essential elements of intervention: * Safety climate Mental and Physical Health:
« Participation at core * Psychological Distress
* Comprehensive, integrated * Positive psychological well-being
|_—> (vitality, work-related thriving)
) .Leade.rshlp commltment, Changes tracked with process data: * Self-reported health
1nclud1n$?7 associate co—l.ead « Policy changes (e.g., scheduling rules, ¢ Injuries and injuries reported to
¢ Data-driven change with break policies) management

continuous improvement tools

* Practice changes (e.g., easier access to

leave, distancing or hydration protocols
adjusted)

Fig 2. Health and Well-Being Committee participatory intervention model.
https://doi.org/10.1371/journal.pone.0305334.9g002
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research team is highly involved in meeting planning, joint facilitation, and agenda setting. In
the Transition Phase (months 2-4 and meetings 5-8), the research team continues to provide
support while handing over responsibilities for meeting planning and facilitation to the co-
leads. During the Sustainability Phase (months 4-12), the co-leads are expected to fully run
HaWC activities but consult with the research team approximately once every other month
and on an informal basis as needed. The Maintenance Phase (months 12-30) begins after the
quantitative evaluative period (T3) and consists of less frequent, but regular interaction
between the research team and HaWC sites (approximately every 6 months) in order to evalu-
ate whether and how the intervention is sustained.

The Project Improvement Cycle begins with bi-weekly one-hour HaWC meeting. The
cycle, shown in Fig 2, provides structure for meeting discussions. During these meetings, com-
mittee members hear suggestions from each other as well as suggestions that coworkers share
via comment boxes or discuss directly with a HaWC member, prioritize work concerns, con-
duct a root cause analysis of the concern if deemed useful, brainstorm solutions, and develop
and implement action plans. Following the implementation of an action plan, the improve-
ment cycle will begin anew. The improvement cycle also provides flexibility for HaWCs to
spend more or less time on a particular step, depending on the topic, allowing for a customized
approach for addressing the needs of each particular site.

A phased rollout was planned to be responsive to the firm’s busy periods and the research
team’s capacity. Additionally, significant delays related to operational and staffing challenges
in the wake of the COVID-19 slowed the timeline for the study launch. The intervention is still
ongoing.

Data collection and measures

Table 1 provides an overview of data collection activities, aligned with overall study objectives.

Survey measurement occurs at three time points: baseline (T1), 6 months (T2), and 12
months (T3). At each time point, all workers currently working in the fulfillment center are
presented with an individualized invitation letter to complete a web-based survey via Qualtrics.
Participants can access the questionnaire using a cell phone, research-team provided tablets,
or desktop computers at the worksite. All participants will provide informed consent prior to
participation. All participants are given the opportunity to participate in the survey while on-
the-clock, but also have the option to participate outside of work. To promote participation, all
individuals who complete the questionnaire are given a small incentive at each wave. Those
who complete the questionnaire are also eligible to receive site-level raffles. In addition to the
self-reported questionnaires, administrative data on worker characteristics and injuries and
fulfillment centers-level characteristics are collected from Sigma databases.

Table 1. Overview of study objectives and supporting research methods.

Study Objective Supporting Research Method

Evaluate the efficacy of the HaWC intervention and its | Self-reported surveys from workers in HaWC and
effect on health outcomes and changes in the conditions | control sites (T1, T2, T3)

of work Administrative data collection for all sites, including

turnover rates, other changes in workplace policies or
practices
Conduct a process evaluation of key contextual factors | Tracking meetings and projects in HaWC sites (detailed
that support effective and integrated intervention tracking through T3, summaries after)

implementation and sustained engagement Co-lead interviews in HaWC sites (every 6 months)
Manager interviews in HaWC and control sites (T2, T3)

Focus Groups in HaWC sites (T3)
https://doi.org/10.1371/journal.pone.0305334.t001
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Table 2. Overview of outcome measures.

Outcome Source Description

Primary

Psychological distress Questionnaire Six-item short form of the Kessler distress scale [40]. Assesses the frequency of symptoms of psychological distress
experienced in the last month.

Secondary

Psychological well-being | Questionnaire Six items assessing emotional vitality, sense of positive well-being, and emotional self-control in the last month [41].

Work-related well-being | Questionnaire Burnout: Two-item Maslach burnout scale [42]. Job satisfaction: One item rating satisfaction with the job from 0-10.
Engagement: Two items assessing whether a worker’s mind is focused on their job and whether their job is boring.

Psychosocial work Questionnaire Nine items from the Thriving from Work Questionnaire that assess perceptions of fair treatment, respect, belonging,

environment purpose, support, work-life balance, fair pay, and job security.

Voice environment Questionnaire Worker voice: Three items reporting on whether workers know who to talk to when they have an issue at work,
whether they can make suggestions without getting into trouble, and whether leadership takes their concerns
seriously.

Conditions of work Questionnaire Job demands and control: Six items on decision authority, skill discretion, and psychological job demands. Safety
climate: Six item safety climate scale and additional safety climate items specific to the COVID-19 pandemic.

Self-reported health Questionnaire General Health: A single general item from SF-36. Musculoskeletal pain: A single modified item from the NordicQ.
Sleep: A single item assessing sleep duration in the last 30 days from the Pittsburgh Sleep Quality Index.

Injuries Questionnaire Questionnaire: Three items asking whether an injury was experienced, whether it was reported, and the reason for not

Administrative reporting.
Data Administrative data: Captures total injuries reported to Occupational Safety and Health Administration and number

of recordable injuries per 100 workers, by site.

https://doi.org/10.1371/journal.pone.0305334.t002

Given the low-risk nature of the study, adverse events are unexpected. However, to ensure
safety of study participants, the research team will proactively ask building managers whether
concerns have arisen about the study. Should any concerns arise, participants will be able to
contact the IRB and Human Resources department at Sigma.

Outcome measures

Table 2 presents a description of the outcomes measured in the study. All outcomes are mea-
sured at each of the three timepoints in both treatment and control sites.

Primary outcome. The primary outcome is psychological distress, measured with the
6-item short form of the Kessler distress scale (K6) [40]. The K6 scale has been used widely in
workplace studies as a short screener for discriminating between those who do and do not meet
diagnostic criteria for a mental disorder. This scale has excellent internal consistency and reliabil-
ity (Cronbach’s alpha = 0.89) [40]. Participants are asked the frequency of non-specific symptoms
of psychological distress (feeling “nervous,” “hopeless,”, “restless or fidgety,” “so depressed that
nothing could cheer you up,” “that everything was an effort,” and “worthless”) in the month prior
to data collection. Response items are on a 5-point scale, ranging from (0) “none of the time” to
(4) “all of the time”. Items are then summed to create an overall score between 0 and 24, with
higher scores indicating higher levels of psychological distress and a score >13 suggesting severe
mental illness [43].

Secondary outcomes. In addition to the primary outcome, the study will analyze the effect
of treatment on several secondary outcomes (see Table 1). Psychological well-being is mea-
sured with a six-item scale comprised of three, two-item subscales assessing emotional vitality
(e.g., waking up fresh and rested, how much energy, and vitality the participant had), sense of
positive well-being (e.g., how happy, satisfied, or pleased the participant has been in their per-
sonal life, whether daily life has been full of things that were interesting), and emotional self-
control (e.g., whether the participant has been in firm control of their behavior, thoughts, emo-
tions, or feelings, and whether the participant has been feeling emotionally stable and sure of

» «
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themselves) [41]. Responses options are on a 6-point scale that ranges from (0) “not at all” to
(5) “alot or all of the time”, though the item assessing energy and vitality ranges from (0) “no
energy at all, listless” to (10) “very energetic, dynamic”.

Work-related well-being is measured with three related constructs. Burnout is measured

with two items that assess emotional exhaustion (e.g., “I feel burned out from my work.”) and
depersonalization (e.g., “I have become more uncaring toward people since I took this job.”).
These two items are taken from the Maslach Burnout Inventory [42] and have been validated
as a measure of burnout [44]. Job satisfaction is a one item rating satisfaction with one’s job
from 0 to 10. Engagement is measured on a Never-Always scale by focus on work (e.g., “At
work, my mind is focused on my job.”),

Psychosocial work environment is assessed with 9 items from the Thriving from Work

Questionnaire [45]. These items capture the perception of fair treatment, belonging, purpose,
support, work-life balance, and fair pay. Voice environment was assessed with three items.
Workers report on whether they know who to talk to when they have an issue at work, whether
they can make suggestions without getting into trouble, and whether leadership takes their
concerns seriously on a 6-point scale from (1) “never” to (5) “always or almost always” [46].

Other conditions of work are assessed with questions on job control and demands and
safety climate. Job control and demands are measure with six items from the Job Content
Questionnaire. Participants report on decision authority (2 items), skill discretion (2-items),
and psychological job demands (2 items) on a 5-point scale from (1) “strongly disagree” to (5)
“strongly agree” [47]. Safety climate (e.g., “I am provided with what I need to work safely,” and

“Safety of workers is a big priority with supervisors and managers.”) is measured with 6-items
assessed on a 5-point scale from (1) “strongly disagree” to (5) “strongly agree” [48-50]. As the
study data collect spans the COVID-19 pandemic, a 5-item safety climate scale specific to
COVID-19 is also included [51].

Self-reported health is measured with three separate items assessing different domains.
General health is assessed using one item from the 36-item short form (SF-36) [52], which asks
participants to rate their health from (1) “poor” to (5) “excellent”. Musculoskeletal pain is mea-
sured with a single item from the NordicQ [53]. Participants are asked whether they have expe-
rienced pain or aching (yes/no) in different body regions (e.g., back, shoulders/neck, hands/
wrists/arms, and legs/knees/feet), and if yes, they are asked to rate the pain from (1) “mild” to
(3) “severe”. One item from the Pittsburgh Sleep Quality Index [54] asks participants to report
sleep duration in the last 30 days.

Injuries are assessed using both the questionnaire and administrative data. In the question-
naire, workers are asked whether they experienced an injury in the last 12 months, whether
they reported the injury to management, and if it was not reported, the reason for not doing
so. Administrative data captures the total injuries reported by the firm to the Occupational
Safety and Health Administration (OSHA), as well as the Total Recordable Injury Rate (TRIR)
by site. OSHA defines a recordable injury as any work-related fatality or injury that results in
loss of consciousness, days away from work, restricted work, job transfer, or requires medical
treatment beyond first aid [55].

Covariates

Worker characteristics, including age, gender, race and Hispanicity are captured with adminis-
trative data and linked to the survey data. Additional personal characteristics (marital status,
children at home) are self-reported in the questionnaire. Tenure with the firm, department,
hourly wage, part-time vs full-time job, and shift are included through administrative data.
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Data management and sharing

All survey data will be collected using the Qualtrics platform. Data will be downloaded from
Qualtrics frequently during the survey period and kept on a secure server only accessible to the
data team. Though the survey will collect identifiable information for the purposes of incentive
distribution, participants’ data will deidentified immediately after their incentive is sent. Given
the low-risk nature of this study, a data monitoring committee is not needed. Survey data will
be available through a restricted access process after the acceptance for publication of the main
findings. Those who wish to use the data will need to complete an application with their affili-
ate institution’s IRB and provide a brief description of their project. The data sharing agree-
ment will state that a) the data access will last for one year, with the opportunity to extend on a
case-by-case basis, b) those who use the data will do so only for research or statistical purposes
and not for investigation of the research subjects, c) published paper will include the appropri-
ate acknowledgement as stated in the data documentation, and d) the data will not be distrib-
uted to anyone other than the approved researcher.

Data analysis

Preliminary data analyses will include descriptive statistics by study arm (intervention or con-
trol) to summarize characteristics of workers and fulfillment centers. In the primary analysis,
the effect of the intervention on the primary and secondary outcomes will be investigated
using intention-to-treat (ITT) analyses with multilevel linear mixed models for continuous
outcomes and generalized mixed effect models for binary outcomes. Models will include ran-
dom intercepts for clusters and workers within each site, a fixed effect for each stratum, a fixed
effect for each follow-up time point (T1 and T2), and an interaction effect between interven-
tion status and follow-up time. The interaction between intervention status and follow-up
time will explicitly test for intervention effects. All models will be adjusted for covariates, such
as age, race, gender, calendar time, and site level policy changes, as appropriate. While the pri-
mary analysis will be ITT, exploratory analysis will consider whether number of HaWC action
projects and a coded typology of projects (e.g., safety focused vs. operational vs. focused on the
broader psychosocial environment) affects the impact of the intervention.

As a secondary analysis, another model will be fit among workers who have participated in
baseline and at least one follow-up survey to directly control for baseline values of outcomes of
interest. Both the primary and secondary analysis will include calendar time to account for
changes in the larger environment, such as seasonal fluctuations in demand, seasonal changes
in distress, and pandemic variations in COVID-19 death rates. Sensitivity analysis will include
an assumption of non-ignorable missingness based on an imputation approach developed spe-
cifically for longitudinal data [56]. Estimates from mixed-model regressions will be considered
valid when missingness across assessment time-points is missing at random (MAR), assessed
using logistic regressions for response bias [57, 58].

Beyond the primary and secondary analysis, intervention effects will be measured with
voice environment as a primary mediator. Both the difference and product method will be
used in mediation analysis; the latter can incorporate possible mediator-intervention interac-
tion. The results of these models will be used to obtain indirect effects of the intervention on
outcomes of interest. Process data will also be used to measure intervention effects that reflect
differential intervention implementation.

Power calculations

Statistical power was calculated using a closed-form sample size formula specifically for longi-
tudinal cRCT's with attrition, which accounts for intracluster correlation (ICC), repeated
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measures on the same workers, and expected attrition due to turnover [59]. By sampling 21
clusters (10 treatment and 11 control), with an average of 200 per cluster, the study population
was estimated to be a total of 4200, with 1100 employees in the intervention group and the
control group respectively. Based on administrative data which showed a 6-month turnover
rate of 28%, attrition between waves was estimated to be A = 0.3. As there are no previous
intervention studies in this workforce, an ICC of 0.01 was assumed based on a previous study
of a participatory intervention in a low-wage and racially diverse workforce with the same pri-
mary outcome of psychological distress measured with the K6 scale [60]. With an assumed
response rate of 66%, there will be 90% power to detect an effect size of (A) 0.13 standard devi-
ations (SDs) and a mean difference of 0.56 in psychological distress score and 80% power to
detect A = 0.12 SDs and a mean difference of 0.51. With an assumed response rate of 44%,
there will be 90% power to detect an effect size of A = 0.15 SDs, or mean difference of 0.56, and
80% power to detect A = 0.15 SDs and a mean difference of 0.51. The fixed number of clusters
in each power-calculation scenario leads to a smaller increase in power and precision with an
increased response rate than if the study were randomized at the cluster level.

Process evaluation

In addition to the cluster randomized trial, the study will involve a process evaluation to exam-
ine intervention fidelity and investigate the dynamic of organizational change. Robust process
analysis is particularly important for participatory interventions such as the HaWC program
because the targeted changes will vary across sites. Specifically, the process evaluation aims to
answer the following research questions: (1) What organizational and contextual factors (e.g.,
institutionalized power differentials, social identities, and group processes) shape the scope
and type of action plans that HaWCs prioritize and adopt? (2) What barriers or challenges do
participants face in implementing the intervention and what supports the effective resolution
of those difficulties? (3) What factors facilitate sustained engagement once the research team is
less involved, i.e., during the maintenance phase of the intervention? To answer these ques-
tions, data will be collected at regular intervals from various sources in the intervention sites,
including HaWC members (focus groups), HaWC co-leads (repeated interviews), and fulfill-
ment center managers (repeated interviews) (Fig 3). Additionally, the research team will take
detailed field notes while observing the HaWC meetings and following interviews. Interview
topics include experiences with HaWC processes, HaWC adaptations, barriers to implementa-
tion, and any site-specific context that may influence the intervention. Managers at control
sites are interviewed at 6, 12 and 30 months (in parallel with manager interviews in treatment
sites) to assess any changes in fulfillment center technologies, policies, and practices.

The estimated time per data collection activity is 30-45 minutes for interviews and 60 min-
utes per focus group. These process data will support case analyses, cross-case comparisons,
and mixed methods intervention evaluation. We will pursue an abductive analysis oriented to
theory construction in which we focus on what is surprising, given existing theories of partici-
patory workplace initiatives, rather than develop conclusions in a purely inductive process
[61]. Coding will be derived both deductively from the existing literature and inductively with
the construction of additional categories as new themes emerge [62, 63]. Qualitative analysis
will proceed in an iterative process of ongoing data collection, analysis and writing. Data anal-
ysis will be conducted using the qualitative software program, Atlas.ti.

Discussion

This paper presents the design and protocol of a cluster-randomized control trial aiming to
improve psychological distress and well-being. The participatory intervention is designed to
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Fig 3. The Project Improvement Cycle.
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provide a channel for workers to voice their concerns, implement solutions, and track work-
place changes that matter to them. This research provides insight into an understudied and
diverse population of fulfillment center workers and will support new analysis of the potential
health-promoting effects of worker voice, which receives arguably less attention than other
work conditions specific to the design of tasks or expression of support by managers. The
research team’s access to the fulfillment centers through site visits and their involvement in the
implementation of the HaWCs is a unique opportunity for the team to discover factors that
benefit and hinder the implementation of this innovative intervention. The findings from this
study will deepen the scholarly understanding of participatory workplace interventions and
their effects on worker health and well-being, while also establishing new evidence about feasi-
ble changes to support workers in this important and growing industry.

Strengths

The research team expects the strong causal design, multi-method data, and participatory
intervention to provide critical information on the feasibility and efficacy of Health and Well-
Being Committees in the important context of fulfillment centers. Studying frontline workers
in the warehousing and storage industry is valuable not only because this is a rapidly growing
yet understudied sector, but also because research on interventions to improve well-being in
low-wage workers in general, is extremely limited. **
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Another innovation is the combination of a mental health primary outcome (psychological
distress) with analysis of potential impact on positive psychological well-being (emotional
vitality). With a strong causal design that utilizes a randomized field trial, the project will pro-
vide an evidence base for evaluating the efficacy of a participatory intervention not only to
reduce psychological distress, but also to promote well-being, and to improve work conditions
among fulfillment center workers. Additionally, the use of a randomized cluster trial provides
the opportunity to isolate the intervention from other changes in Sigma’s work environment,
including COVID-19 related confounders, and organizational policy changes that may occur.
A pre- and post-test study would not be sufficient to tease out these confounders, but the trial
allows the team to isolate the treatment’s impact.

The combination of randomized experimental methods with multi-methods process
approaches is also important for advancing the field. Few studies thoroughly examine how and
why workplace interventions succeed or fail to achieve their intended effects, despite calls to
“open the black box” of organizational interventions [64, 65]. Adopting a realist evaluation
perspective, we recognize the complexity behind various mechanisms within a work environ-
ment that must function together to establish a successful intervention [66]. For this reason,
our research team will utilize multi-methods process data to provide critical insights into how,
why, and in which contexts interventions such as these may be effective, as well as what facili-
tates or hinders their implementation and sustainability over time. Additionally, a focus on
identifying the scope and content of workplace changes prioritized by HaWC teams (the first
process evaluation question) promises to fill a gap in our understanding of how TWH inter-
ventions achieve integration across safety concerns, psychosocial support, and the organiza-
tion of work, and how different organizational actors (i.e., managers and frontline workers)
come together to prioritize and implement an agenda for workplace changes.

The study’s coverage of an extended implementation period is another strength, allowing
the team to examine the key question of how engagement in the participatory intervention can
be maintained over a prolonged period or how they may evolve within a given workplace. Lit-
tle is known about how intervention engagement can be sustained over time [67], despite the
importance of program maintenance for intervention effectiveness.

Participatory processes have been found to be a key element of effective organizational
interventions targeting well-being [31]. Our study responds to a growing interest in participa-
tory interventions, creating structured opportunities for workers to exercise voice and be
involved in problem solving. With a strong causal design, the use of multi-method data, and
the implementation of a participatory intervention, we expect to obtain exciting results that
help to address poor mental health and well-being in the understudied industry of
warehousing.

Limitations

While the design of the study is strong, there are anticipated risks to data collection and imple-
mentation, in addition to the possibility of limited efficacy of the intervention in this work
environment. Concerning data collection, we must establish a strong relationship and build
trust with hourly workers in order to obtain the desired data. Due to budgetary constraints
and firm concerns with safety of researchers on site, travel is likely to be limited and research-
ers’ inability to be on-site at the fulfillment centers during the initial launch of the surveys may
impact survey response rates. Moreover, Sigma’s own data collection (e.g., company engage-
ment survey) may compete or overlap with the study’s surveys, resulting in survey burnout
among frontline workers. The project would benefit from a good response rate, but these are
difficult to achieve even with the integration of compelling recruitment materials and the offer
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of individual incentives. As temporary and subcontractor labor is common in fulfillment cen-
ters through the year [68, 69], the study may include temporary workers. However, their par-
ticipation may be especially hard to elicit given that they may be more detached from the
company and managers may not encourage them to participate. High turnover within this
workforce may further complicate data collection and analysis, although some models
described above do not require repeated measures.

For the implementation of the intervention to move forward successfully, sustained buy-in
from Sigma’s leadership team is crucial. Despite having good executive support, formative
research has shown that managers within each building operate with a large amount of auton-
omy. It is plausible that fulfillment center managers could make decisions about the HaWC
that impact the continuation of the committees within specific fulfillment centers. The fast-
paced environment, and management’s imperative to meet short-term production goals (espe-
cially during times of high building volume) may conflict with HaWC program goals of meet-
ing regularly and implementing projects not directly related to production but rather to
employee well-being.

The research team must also rely on the fulfillment center managers to help identify the co-
leads for the HaWCs, which likely means the inclusion of individuals who have already been
labeled as leaders (from the perspective of management) within the fulfillment center. The
addition of HaWC responsibilities to these already high-performing workers could result in
overload and/or encourage the promotion of these associates to other positions. Turnover in
the associate and manager co-leads could challenge the sustainability of the committee, result
in the turnover of other members within the committee, and limit other workers’ confidence
in sharing concerns with the HaWC. The pandemic may also require that intervention meet-
ings and training be held virtually, which could inhibit the ability to build strong relationships
between the research team and the HaWC co-leads and members.

Given intervention goals of supporting employee voice, the fulfillment center’s high-turn-
over environment will likely pose challenges to the efficacy of the HaWC. Other workers must
know and trust the HaWC members in order to share their concerns and support changes
related to HaWC projects. High turnover could dilute the impact of the HaWC, since new co-
workers may not know about, utilize, or trust the committee’s process. Additionally, high turn-
over exacerbates productivity pressures that may make managers less likely to support HaWC
meetings and projects, as noted above.

Impact of results

Should workers in fulfillment centers who are randomized to receive the intervention report
reduced psychological distress and improved psychological well-being, the project will provide
a pathway within the warehousing industry to address longstanding challenges of poor mental
and physical health among workers [1-5]. The project will also contribute to scholarly under-
standing of an understudied vulnerable workforce, one that is diverse by race, ethnicity, nativ-
ity, age, and gender [15]. The study works to uplift worker voice, which has historically
received less attention than attempts to modify job control, demands, support, and other work
conditions. There is also a continued need for evidence-based interventions that embrace a
social determinants of health approach and aims to change conditions of work rather than
focusing on individual behavior change through wellness initiatives or health promotion [70].
With virtually no studies that identify successful interventions to reduce risks for this popu-
lation, this project could push the field forward by integrating immediate safety concerns with
broader efforts to change work conditions and by adapting process improvement methods
common in management research to the goals of improving workers’ health and well-being
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[28]. The study can produce exciting new data on fulfillment center workers’ health and well-
being and the efficacy of this innovative participatory intervention. This will open important
avenues for future research, including analysis on enterprise or organizational outcomes, such
as absenteeism, turnover rates, and productivity. Lastly, the study will inform the development
of participatory interventions in comparable industries where low-wage workers experience
both social and physical hazardous working conditions.

Supporting information
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tocol and related documents™.
(DOC)

S1 File.
(PDF)

Acknowledgments

The authors would like to thank the rest of the Fulfillment Center Work Team: Lisa Berkman,
Yaminette Diaz-Linhart, Dena Javadi, Alex Kowalski, Laura Kubzansky, Hazhir Rahmandad,
Glorian Sorenson, and Molin Wang.

Author Contributions

Conceptualization: Erin L. Kelly, Kirsten F. Siebach, Megan Lovejoy.

Funding acquisition: Erin L. Kelly.

Methodology: Megan Lovejoy.

Writing - original draft: Erin L. Kelly, Kirsten F. Siebach, Grace DeHorn, Megan Lovejoy.
Writing - review & editing: Erin L. Kelly, Kirsten F. Siebach, Grace DeHorn, Megan Lovejoy.

References

1. Joyce S, Modini M, Christensen H, Mykletun A, Bryant R, Mitchell P, et al. Workplace interventions for
common mental disorders: A systematic meta-review. Psychol Med. 2016 Mar 1; 46(4):683—97. https:/
doi.org/10.1017/S0033291715002408 PMID: 26620157

2. Theorell T, Hammarstrdom A, Aronsson G, Traskman Bendz L, Grape T, Hogstedt C, et al. A systematic
review including meta-analysis of work environment and depressive symptoms. BMC Public Health.
2015 Aug 1; 15(1):738. https://doi.org/10.1186/s12889-015-1954-4 PMID: 26232123

3. Bannai A, Tamakoshi A. The association between long working hours and health: A systematic review
of epidemiological evidence. Scand J Work Environ Health. 2014 Jan; 40(1):5—18. https://doi.org/10.
5271/sjweh.3388 PMID: 24100465

4. Ganster DC, Rosen CC, Fisher GG. Long Working Hours and Well-being: What We Know, What We
Do Not Know, and What We Need to Know. J Bus Psychol. 2018 Feb; 33(1):25-39.

5. Nijp HH, Beckers DG, Geurts SA, Tucker P, Kompier MA. Systematic review on the association
between employee worktime control and work—non-work balance, health and well-being, and job-
related outcomes. Scand J Work Environ Health. 2012 Jul; 38(4):299-313. https://doi.org/10.5271/
sjweh.3307 PMID: 22678492

6. Schneider D, Harknett K. Consequences of routine work-schedule instability for worker health and well-
being. Am Sociol Rev. 2019 Feb; 84(1):82—114. https://doi.org/10.1177/0003122418823184 PMID:
33311716

7. Wood S. Job characteristics, employee voice and well-being in Britain. Ind Relat J. 2008 Mar; 39
(2):153-68.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305334  July 18, 2024 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305334.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305334.s002
https://doi.org/10.1017/S0033291715002408
https://doi.org/10.1017/S0033291715002408
http://www.ncbi.nlm.nih.gov/pubmed/26620157
https://doi.org/10.1186/s12889-015-1954-4
http://www.ncbi.nlm.nih.gov/pubmed/26232123
https://doi.org/10.5271/sjweh.3388
https://doi.org/10.5271/sjweh.3388
http://www.ncbi.nlm.nih.gov/pubmed/24100465
https://doi.org/10.5271/sjweh.3307
https://doi.org/10.5271/sjweh.3307
http://www.ncbi.nlm.nih.gov/pubmed/22678492
https://doi.org/10.1177/0003122418823184
http://www.ncbi.nlm.nih.gov/pubmed/33311716
https://doi.org/10.1371/journal.pone.0305334

PLOS ONE

The Fulfillment Center Intervention Study

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

Bond FW, Bunce D. The role of acceptance and job control in mental health, job satisfaction, and work
performance. J Appl Psychol. 2003; 88(6):1057—67. https://doi.org/10.1037/0021-9010.88.6.1057
PMID: 14640816

Berkman LF, Kawachi I, Theorell T. Working conditions and health. In: Social epidemiology [Internet].
2nd ed. New York, NY: Oxford University Press, Incorporated; 2014 [cited 2020 Oct 21]. p. 640. Avail-
able from: http://ebookcentral.proquest.com/lib/harvard-ebooks/detail.action?doclD=1784097

Kubzansky LD, Winning A. Mental disorders and the emergence of physical disorders. In: Koenen KC,
Rudenstine S, Susser E, Galea S, editors. A life course approach to mental disorders. Oxford, U.K.:
Oxford University Press; 2013. p. 291-304.

Cohen BE, Edmondson D, Kronish IM. State of the art review: depression, stress, anxiety, and cardio-
vascular disease. Am J Hypertens. 2015 Nov; 28(11):1295-302. https://doi.org/10.1093/ajh/hpv047
PMID: 25911639

Lee L, James P, Zevon E, Kim E, Trudel-Fitzgerald C, Spiro A lll, et al. Optimism is associated with
exceptional longevity in 2 epidemiologic cohorts of men and women. Proc Natl Acad Sci U S A. 2019
Aug 26; 116(37):18357—62. https://doi.org/10.1073/pnas.1900712116 PMID: 31451635

Gallup. The Economic Cost of Poor Employee Mental Health [Internet]. Gallup.com. 2022 [cited 2023
Jul 21]. Available from: https://www.gallup.com/workplace/404174/economic-cost-poor-employee-
mental-health.aspx

U.S. Bureau of Labor Statistics. Industries at a Glance: Warehousing and Storage: NAICS 493: U.S.
Bureau of Labor Statistics [Internet]. 2023 [cited 2023 Jul 25]. Available from: https://www.bls.gov/iag/
tgs/iag493.htm

Gutelius B, Theodore N. The future of warehouse work: technological change in the U.S. logistics indus-
try. UC Berkeley Labor Cent Work Partnersh USA [Internet]. 2019;76. Available from: http://laborcenter.
berkeley.edu/future-of-warehouse-work/

Luckhaupt SE, Tak S, Calvert GM. The prevalence of short sleep duration by industry and occupation in
the national health interview survey. Sleep. 2010 Feb 1; 33(2):149-59. https://doi.org/10.1093/sleep/
33.2.149 PMID: 20175398

Kelly EL, Moen P, Oakes JM, Fan W, Okechukwu C, Davis KD, et al. Changing Work and Work-Family
Conflict: Evidence from the Work, Family, and Health Network. Am Sociol Rev.: 33.

Kelly EL, Moen P, Tranby E. Changing workplaces to reduce work-family conflict: schedule control in a
white-collar organization. Am Sociol Rev. 2011 Apr; 76(2):265-90. https://doi.org/10.1177/
0003122411400056 PMID: 21580799

Waulsin L, Alterman T, Bushnell PT, Li J, Shen R. Prevalence rates for depression by industry: a claims
database analysis. Soc Psychiatry Psychiatr Epidemiol. 2014 Nov; 49(11):1805-21. https://doi.org/10.
1007/s00127-014-0891-3 PMID: 24907896

U.S. Bureau of Labor Statistics. TABLE 1. Incidence rates of nonfatal occupational injuries and illnesses
by industry and case types [Internet]. 2018 [cited 2020 Oct 29]. Available from: https://www.bls.gov/iif/
oshwc/osh/os/summ1_00_2018.htm

LePine J, Van Dyne L. Voice and cooperative behavior as contrasting forms of contextual performance:
evidence of differential relationships with big five personality characteristics and cognitive ability. J Appl
Psychol. 2001 May 1; 86(2):326—36. https://doi.org/10.1037/0021-9010.86.2.326 PMID: 11393444

Department of Health and Human Services, Centers for Disease Control and Prevention, National Insti-
tute for Occupational Health and Safety. Fundamentals of Total Worker Health approaches: essential
elements for advancing worker safety, health, and well-being. [Internet]. U.S. Department of Health
and Human Services, Public Health Service, Centers for Disease Control and Prevention, National Insti-
tute for Occupational Safety and Health; 2016 Dec [cited 2020 Sep 21]. Available from: https://www.
cdc.gov/niosh/docs/2017-112/

Anger WK, Elliot DL, Bodner T, Olson R, Rohiman DS, Truxillo DM, et al. Effectiveness of total worker
health interventions. J Occup Health Psychol. 2015; 20(2):226. https://doi.org/10.1037/a0038340
PMID: 25528687

Bradley CJ, Grossman DC, Hubbard RA, Ortega AN, Curry SJ. Integrated Interventions for Improving
Total Worker Health: A Panel Report From the National Institutes of Health Pathways to Prevention
Workshop: Total Worker Health-What's Work Got to Do With 1t? Ann Intern Med. 2016 Aug 16; 165
(4):279-83. https://doi.org/10.7326/M16-0740 PMID: 27240228

Abildgaard JS, Hasson H, von Thiele Schwarz U, Lavseth LT, Ala-Laurinaho A, Nielsen K. Forms of
participation: the development and application of a conceptual model of participation in work environ-
ment interventions. Econ Ind Democr. 2020 Aug 1; 41(3):746—69.

Nielsen K, Abildgaard JS. Organizational interventions: a research-based framework for the evaluation
of both process and effects. Work Stress. 2013 Jul; 27(3):278-97.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305334  July 18, 2024 16/18


https://doi.org/10.1037/0021-9010.88.6.1057
http://www.ncbi.nlm.nih.gov/pubmed/14640816
http://ebookcentral.proquest.com/lib/harvard-ebooks/detail.action?docID=1784097
https://doi.org/10.1093/ajh/hpv047
http://www.ncbi.nlm.nih.gov/pubmed/25911639
https://doi.org/10.1073/pnas.1900712116
http://www.ncbi.nlm.nih.gov/pubmed/31451635
https://www.gallup.com/workplace/404174/economic-cost-poor-employee-mental-health.aspx
https://www.gallup.com/workplace/404174/economic-cost-poor-employee-mental-health.aspx
https://www.bls.gov/iag/tgs/iag493.htm
https://www.bls.gov/iag/tgs/iag493.htm
http://laborcenter.berkeley.edu/future-of-warehouse-work/
http://laborcenter.berkeley.edu/future-of-warehouse-work/
https://doi.org/10.1093/sleep/33.2.149
https://doi.org/10.1093/sleep/33.2.149
http://www.ncbi.nlm.nih.gov/pubmed/20175398
https://doi.org/10.1177/0003122411400056
https://doi.org/10.1177/0003122411400056
http://www.ncbi.nlm.nih.gov/pubmed/21580799
https://doi.org/10.1007/s00127-014-0891-3
https://doi.org/10.1007/s00127-014-0891-3
http://www.ncbi.nlm.nih.gov/pubmed/24907896
https://www.bls.gov/iif/oshwc/osh/os/summ1_00_2018.htm
https://www.bls.gov/iif/oshwc/osh/os/summ1_00_2018.htm
https://doi.org/10.1037/0021-9010.86.2.326
http://www.ncbi.nlm.nih.gov/pubmed/11393444
https://www.cdc.gov/niosh/docs/2017-112/
https://www.cdc.gov/niosh/docs/2017-112/
https://doi.org/10.1037/a0038340
http://www.ncbi.nlm.nih.gov/pubmed/25528687
https://doi.org/10.7326/M16-0740
http://www.ncbi.nlm.nih.gov/pubmed/27240228
https://doi.org/10.1371/journal.pone.0305334

PLOS ONE

The Fulfillment Center Intervention Study

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

Tamers SL, Goetzel R, Kelly KM, Luckhaupt S, Nigam J, Pronk NP, et al. Research methodologies for
total worker health®: proceedings from a workshop. J Occup Environ Med. 2018 Nov; 60(11):968-78.

von Thiele Schwarz U, Nielsen KM, Stenfors-Hayes T, Hasson H. Using kaizen to improve employee
well-being: results from two organizational intervention studies. Hum Relat. 2017 Aug; 70(8):966-93.
https://doi.org/10.1177/0018726716677071 PMID: 28736455

Nielsen K, Randall R. The importance of employee participation and perceptions of changes in proce-
dures in a teamworking intervention. Work Stress. 2012 Apr; 26(2):91—111. https://doi.org/10.1080/
02678373.2012.682721 PMID: 22745519

Fox KE, Johnson ST, Berkman LF, Sianoja M, Soh Y, Kubzansky LD, et al. Organisational- and group-
level workplace interventions and their effect on multiple domains of worker well-being: A systematic
review. Work Stress. 2022 Jan 2; 36(1):30-59.

Fox KE, Johnson ST, Berkman LF, Sianoja M, Soh Y, Kubzansky LD, et al. Workplace interventions
intended to improve the well-being of workers: a systematic review. Rev.

Delp L, Riley K. Worker engagement in the health and safety regulatory arena under changing models
of worker representation. Labor Stud J. 2015 Mar; 40(1):54—-83.

Sojourner A, Yang J. Effects of unionization on workplace-safety enforcement: Regression-discontinu-
ity Evidence. 2015;

Béckerman P, Bryson A, limakunnas P. Does high involvement management improve worker well-
being? J Econ Behav Organ. 2012 Nov 1; 84(2):660-80.

Morse T, Goyzueta J, Curry L, Warren N. Characteristics of Effective Job Health and Safety Commit-
tees. NEW Solut J Environ Occup Health Policy. 2009 Feb; 18(4):441-57.

Eaton AE, Nocerino T. The effectiveness of health and safety committees: results of a survey of public-
sector workplaces. Ind Relat J Econ Soc. 2000; 39(2):265-90.

Campbell MK, Piaggio G, Elbourne DR, Altman DG. Consort 2010 statement: extension to cluster ran-
domised trials. BMJ. 2012 Sep 4; 345:e5661. https://doi.org/10.1136/bmj.e5661 PMID: 22951546

Milgate N, Innes E, O’Loughlin K. Examining the effectiveness of health and safety committees and rep-
resentatives: a review. Work. 2002; 19(3):281-90. PMID: 12547972

von Thiele Schwarz U, Augustsson H, Hasson H, Stenfors-Hayes T. Promoting Employee Health by
Integrating Health Protection, Health Promotion, and Continuous Improvement: A Longitudinal Quasi-
Experimental Intervention Study. J Occup Environ Med. 2015 Feb; 57(2):217-25. https://doi.org/10.
1097/JOM.0000000000000344 PMID: 25654524

Kessler RC, Andrews G, Colpe LJ, Hiripi E, Mroczek DK, Normand SLT, et al. Short screening scales to
monitor population prevalences and trends in non-specific psychological distress. Psychol Med. 2002
Aug; 32(6):959-76. https://doi.org/10.1017/s0033291702006074 PMID: 12214795

Kubzansky LD, Thurston RC. Emotional vitality and incident coronary heart disease: benefits of healthy
psychological functioning. Arch Gen Psychiatry. 2007 Dec; 64(12):1393-401. https://doi.org/10.1001/
archpsyc.64.12.1393 PMID: 18056547

Maslach C, Schaufeli WB, Leiter MP. Job Burnout. Annu Rev Psychol. 2001 Feb; 52(1):397—422.
https://doi.org/10.1146/annurev.psych.52.1.397 PMID: 11148311

Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, et al. Screening for Serious Mental
lliness in the General Population. Arch Gen Psychiatry. 2003 Feb 1; 60(2):184—9. https://doi.org/10.
1001/archpsyc.60.2.184 PMID: 12578436

West CP, Dyrbye LN, Satele DV, Sloan JA, Shanafelt TD. Concurrent validity of single-item measures
of emotional exhaustion and depersonalization in burnout assessment. J Gen Intern Med. 2012 Nov; 27
(11):1445-52. https://doi.org/10.1007/s11606-012-2015-7 PMID: 22362127

Peters SE, Sorensen G, Katz JN, Gundersen DA, Wagner GR. Thriving from Work: Conceptualization
and Measurement. Int J Environ Res Public Health. 2021 Jul 5; 18(13):7196. https://doi.org/10.3390/
ijerph18137196 PMID: 34281131

Sorensen G, Sparer E, Williams JAR, Gundersen D, Boden LI, Dennerlein JT, et al. Measuring best
practices for workplace safety, health, and well-being: the workplace integrated safety and health
assessment. J Occup Environ Med. 2018 May; 60(5):430-9. https://doi.org/10.1097/JOM.
0000000000001286 PMID: 29389812

Karasek R, Brisson C, Kawakami N, Houtman |, Bongers P, Amick B. The job content questionnaire
(JCQ): an instrument for internationally comparative assessments of psychosocial job characteristics. J
Occup Health Psychol. 1998 Oct; 3(4):322-55. https://doi.org/10.1037//1076-8998.3.4.322 PMID:
9805280

Singer S, Lin S, Falwell A, Gaba D, Baker L. Relationship of safety climate and safety performance in
hospitals. Health Serv Res. 2009; 44(2p1):399—421. https://doi.org/10.1111/j.1475-6773.2008.00918.x
PMID: 19178583

PLOS ONE | https://doi.org/10.1371/journal.pone.0305334  July 18, 2024 17/18


https://doi.org/10.1177/0018726716677071
http://www.ncbi.nlm.nih.gov/pubmed/28736455
https://doi.org/10.1080/02678373.2012.682721
https://doi.org/10.1080/02678373.2012.682721
http://www.ncbi.nlm.nih.gov/pubmed/22745519
https://doi.org/10.1136/bmj.e5661
http://www.ncbi.nlm.nih.gov/pubmed/22951546
http://www.ncbi.nlm.nih.gov/pubmed/12547972
https://doi.org/10.1097/JOM.0000000000000344
https://doi.org/10.1097/JOM.0000000000000344
http://www.ncbi.nlm.nih.gov/pubmed/25654524
https://doi.org/10.1017/s0033291702006074
http://www.ncbi.nlm.nih.gov/pubmed/12214795
https://doi.org/10.1001/archpsyc.64.12.1393
https://doi.org/10.1001/archpsyc.64.12.1393
http://www.ncbi.nlm.nih.gov/pubmed/18056547
https://doi.org/10.1146/annurev.psych.52.1.397
http://www.ncbi.nlm.nih.gov/pubmed/11148311
https://doi.org/10.1001/archpsyc.60.2.184
https://doi.org/10.1001/archpsyc.60.2.184
http://www.ncbi.nlm.nih.gov/pubmed/12578436
https://doi.org/10.1007/s11606-012-2015-7
http://www.ncbi.nlm.nih.gov/pubmed/22362127
https://doi.org/10.3390/ijerph18137196
https://doi.org/10.3390/ijerph18137196
http://www.ncbi.nlm.nih.gov/pubmed/34281131
https://doi.org/10.1097/JOM.0000000000001286
https://doi.org/10.1097/JOM.0000000000001286
http://www.ncbi.nlm.nih.gov/pubmed/29389812
https://doi.org/10.1037//1076-8998.3.4.322
http://www.ncbi.nlm.nih.gov/pubmed/9805280
https://doi.org/10.1111/j.1475-6773.2008.00918.x
http://www.ncbi.nlm.nih.gov/pubmed/19178583
https://doi.org/10.1371/journal.pone.0305334

PLOS ONE

The Fulfillment Center Intervention Study

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Jorgensen E, Sokas RK, Nickels L, Gao W, Gittleman JL. An English/Spanish safety climate scale for
construction workers. Am J Ind Med. 2007 Jun; 50(6):438—42. https://doi.org/10.1002/ajim.20457
PMID: 17492632

Zohar D, Luria G. A multilevel model of safety climate: cross-level relationships between organization
and group-level climates. J Appl Psychol. 2005 Jul; 90(4):616—28. https://doi.org/10.1037/0021-9010.
90.4.616 PMID: 16060782

Taylor S, Landry CA, Paluszek MM, Fergus TA, McKay D, Asmundson GJG. Development and initial
validation of the COVID stress scales. J Anxiety Disord. 2020 May 1; 72:1-7. https://doi.org/10.1016/j.
janxdis.2020.102232 PMID: 32408047

Ware J, Sherbourne CD. The MOS 36-item short-form health survey (SF-36): Il. Psychometric and clini-
cal tests of validity in measuring physical and mental health constructs. Med Care. 1992 Jun; 31
(3):247-63.

Crawford JO. The Nordic musculoskeletal questionnaire. Occup Med. 2007 Jun 1; 57(4):300—1.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality index: a new
instrument for psychiatric practice and research. Psychiatry Res. 1989 May 1; 28(2):193-213. https://
doi.org/10.1016/0165-1781(89)90047-4 PMID: 2748771

Recordkeeping—Overview | Occupational Safety and Health Administration [Internet]. [cited 2023 Aug
31]. Available from: https://www.osha.gov/recordkeeping

Wang M, Fitzmaurice GM. A simple imputation method for longitudinal studies with non-ignorable non-
responses. Biom J. 2006; 48(2):302—18. https://doi.org/10.1002/bimj.200510188 PMID: 16708780

Little RJ, Raghunathan T. On summary measures analysis of the linear mixed effects model for
repeated measures when data are not missing completely at random. Stat Med. 1999; 18(17—
18):2465-78. https://doi.org/10.1002/(sici)1097-0258(19990915/30)18:17/18<2465::aid-sim269>3.0.
co;2-2 PMID: 10474153

Twisk J, de Boer M, de Vente W, Heymans M. Multiple imputation of missing values was not necessary
before performing a longitudinal mixed-model analysis. J Clin Epidemiol. 2013 Sep 1; 66(9):1022-8.
https://doi.org/10.1016/j.jclinepi.2013.03.017 PMID: 23790725

Kasza J, Forbes AB. Inference for the treatment effect in multiple-period cluster randomised trials when
random effect correlation structure is misspecified. Stat Methods Med Res. 2018 Sep 7; 28(10-
11):3112-22. https://doi.org/10.1177/0962280218797151 PMID: 30189794

Kossek EE, Thompson RJ, Lawson KM, Bodner T, Perrigino MB, Hammer LB, et al. Caring for the
elderly at work and home: can a randomized organizational intervention improve psychological health?
J Occup Health Psychol. 2019 Feb; 24(1):36—-54. https://doi.org/10.1037/0cp0000104 PMID: 29215909

Timmermans S, Tavory |. Theory construction in qualitative research: from grounded theory to abduc-
tive analysis. Sociol Theory. 2012; 30(3):167-86.

Lamont M, Bennett A, Bestor T, Miller J, Nagel J, Rubin B, et al. Workshop on interdisciplinary stan-
dards for systematic qualitative research. 2005;180. Available from: https://www.nsf.gov/sbe/ses/soc/
ISSQR_workshop_rpt.pdf

Deterding NM, Waters MC. Flexible coding of in-depth interviews: a twenty-first-century approach.
Sociol Methods Res. 2018 Oct 1;1-32.

Semmer NK. Job stress interventions and organization of work. In: Handbook of occupational health
psychology, 2nd ed. Washington, DC, US: American Psychological Association; 2011. p. 299-318.
Nielsen K, Randall R. Opening the black box: presenting a model for evaluating organizational-level
interventions. Eur J Work Organ Psychol. 2013 Oct 1; 22(5):601-17.

Abildgaard JS, Nielsen K, Wahlin-Jacobsen CD, Maltesen T, Christensen KB, Holtermann A. ‘Same,
but different’: A mixed-methods realist evaluation of a cluster-randomized controlled participatory orga-
nizational intervention. Hum Relat. 2020 Oct 1; 73(10):1339-65.

Schell SF, Luke DA, Schooley MW, Elliott MB, Herbers SH, Mueller NB, et al. Public health program
capacity for sustainability: a new framework. Implement Sci. 2013 Dec; 8(1):15. https://doi.org/10.1186/
1748-5908-8-15 PMID: 23375082

Bonacich E, Wilson JB. Getting the goods: ports, labor, and the logistics revolution. Ithaca, N.Y: Cor-
nell University Press; 2008. 273 p.

Allen N. Exploring the Inland Empire: Life, Work, and Injustice in Southern California’s Retail Fortress.
New Labor Forum. 2010 Jun 1; 19(2):37—43.

Lovejoy M, Kelly E, Kubzansky L, Berkman L. Workplace redesign for the 21st century: promising strat-
egies for enhancing worker well-being. Rev.

PLOS ONE | https://doi.org/10.1371/journal.pone.0305334  July 18, 2024 18/18


https://doi.org/10.1002/ajim.20457
http://www.ncbi.nlm.nih.gov/pubmed/17492632
https://doi.org/10.1037/0021-9010.90.4.616
https://doi.org/10.1037/0021-9010.90.4.616
http://www.ncbi.nlm.nih.gov/pubmed/16060782
https://doi.org/10.1016/j.janxdis.2020.102232
https://doi.org/10.1016/j.janxdis.2020.102232
http://www.ncbi.nlm.nih.gov/pubmed/32408047
https://doi.org/10.1016/0165-1781%2889%2990047-4
https://doi.org/10.1016/0165-1781%2889%2990047-4
http://www.ncbi.nlm.nih.gov/pubmed/2748771
https://www.osha.gov/recordkeeping
https://doi.org/10.1002/bimj.200510188
http://www.ncbi.nlm.nih.gov/pubmed/16708780
https://doi.org/10.1002/%28sici%291097-0258%2819990915/30%2918%3A17/18%26lt%3B2465%3A%3Aaid-sim269%26gt%3B3.0.co%3B2-2
https://doi.org/10.1002/%28sici%291097-0258%2819990915/30%2918%3A17/18%26lt%3B2465%3A%3Aaid-sim269%26gt%3B3.0.co%3B2-2
http://www.ncbi.nlm.nih.gov/pubmed/10474153
https://doi.org/10.1016/j.jclinepi.2013.03.017
http://www.ncbi.nlm.nih.gov/pubmed/23790725
https://doi.org/10.1177/0962280218797151
http://www.ncbi.nlm.nih.gov/pubmed/30189794
https://doi.org/10.1037/ocp0000104
http://www.ncbi.nlm.nih.gov/pubmed/29215909
https://www.nsf.gov/sbe/ses/soc/ISSQR_workshop_rpt.pdf
https://www.nsf.gov/sbe/ses/soc/ISSQR_workshop_rpt.pdf
https://doi.org/10.1186/1748-5908-8-15
https://doi.org/10.1186/1748-5908-8-15
http://www.ncbi.nlm.nih.gov/pubmed/23375082
https://doi.org/10.1371/journal.pone.0305334

