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Supplemental file 1: Literature review of prior studies using process mapping with FMEA


Search strategy. Our PubMed search (fmea or failure mode and map) yielded 721 articles through January of 2024. We excluded studies that did not present a process map or FMEA. This search captured 51 articles with three additional manuscripts found through handsearching1-3 of relevant articles (total of 54 articles identified). We present 38 of the 54 articles in Supplemental Table 1. These 38 (70%) were selected for their vivid description of process mapping and FMEA within a healthcare setting. From each article we have extracted information on their: 1) research aim; 2) the general reason for use of process mapping and FMEA; 3) the number of clinics or health systems; 4) the types of stakeholders engaged; 5) whether a framework was used; 6) and whether the study was characterized as quality improvement or implementation science.


	Supplemental Table 1. Characteristics of select studies

	


Author
Year
	



Research aim
	
Use of process mapping and FMEA
	

Number of clinics or health systems
	



Stakeholders engaged
	



Framework
	
Quality improvement or implementation science*

	Anthony 
et al.,1 
2005
	To better understand the discharge process by investigating errors, to provide a generalizable model for investigating other patient safety issues

	Evaluation of the hospital discharge process
	1 medical center in Boston
	Working group which includes a nurse manager, administrative staff, health services researcher, statistician, substance abuse counselor, pharmacists, inpatient team directors, and research assistant
	Donabedian’s framework
	Quality improvement with the goal of implementation of a new discharge process 

	Babiker 
et al.,4 
2018
	To improve clinical practice guideline implementation in the Middle East
	Evaluation of the clinical practice guideline cycle
	1 university hospital in Riyadh, Saudi Arabia
	7 stakeholder members of an interdisciplinary team (trained in patient care, FMEA and clinical practice guideline methodologies, implementation science and quality improvement)
	None
	Quality improvement to mitigate risk

	Broder-Fingert 
et al.,2
2019
	To identify the potential failures in implementing Family Navigation for children with autism spectrum disorder
	Evaluation of a health service
	14 clinics and health centers across 3 states
	12 key stakeholders (included Family Navigators, study coordinators, research assistants, developmental and behavioral pediatricians, and study investigators)
	CFIR
	Implementation science

	Cantone 
et al.,5 
2013
	To evaluate patient safety in proton beam radiotherapy and to find risk mitigation strategies
	Evaluation of a clinical intervention
	1 health center in Italy
	Team of experts across institutions and disciplines in medical physics, radiation oncology, and risk management
	None
	Quality improvement to mitigate risk

	Chilakamarri 
et al.,6 
2021
	To identify potential failures in the inter-hospital transitions of neurocritical patients, to reduce communication failures and to enhance patient safety by implementing an action plan
	Evaluation of an inter-hospital transfer process
	1 comprehensive stroke center including a multi-center academic health system
	Multidisciplinary team of leaders (from the transfer coordination center, emergency medicine, neurocritical care), research nurse with experience in process mapping, healthcare providers and administrative staff
	None
	Quality improvement to mitigate risk

	Daniels 
et al.,7
2015
	To analyze the processes that cause elevated International Normalized Ratios (INRs) in patients on warfarin while they receive antimicrobial therapy 
	Evaluation of a clinical intervention
	1 tertiary medical center
	Multidisciplinary team that included physicians, pharmacists, and a systems analyst
	None
	Quality improvement to mitigate risk

	Denny
et al.,8 
2014
	To analyze hazards in the process of delivering radiation therapy in an oncology setting and to implement risk-reducing actions in areas targeted for performance improvement
	Evaluation of a clinical intervention, evaluation of implemented action plans 
	Network of 4 oncology hospitals
	Site champion responsible for project oversight at each hospital, site-specific teams consisting of quality director, radiation oncologist, radiation therapist, physicist, dosimetrist, director of radiation therapy, patient safety officer/risk manager
	None
	Quality improvement to mitigate risk

	Ford 
et al.,9
2009
	To evaluate the safety and reliability of a radiation beam therapy and to consider process improvement options
	Evaluation of a clinical intervention

	1 radiation oncology clinic
	11-member committee of radiation oncology department staff plus staff from the center for innovation in quality patient care, with additional teams specific to each part of the process
	None
	Quality improvement to mitigate risk

	Frewen 
et al.,10
2018
	To assess the risks of a newly paperless workflow in a radiation oncology department
	Evaluation of a health service
	1 hospital in Australia
	Team of radiation therapists and radiation oncologists
	None
	Quality improvement to mitigate risk

	Gates 
et al.11, 
2023 
	To assess the risks of intravascular brachytherapy (IVBT) and identify appropriate quality assurance methods
	Evaluation of a clinical intervention
	3 institutions that regularly perform IVBT
	Multidisciplinary team with members from 3 institutions (included radiation oncologists, medical physicists, and cardiologists)
	None
	Quality improvement to mitigate risk

	Gilmore & Rowbottom,12 2021
	To complete the routine risk assessment of a high-volume radiotherapy service at a UK hospital
	Evaluation of a lung radiotherapy service
	1 UK NHS hospital
	7-member multidisciplinary team (2 oncologists, 2 physicists, 3 radiographers) plus a facilitator
	None
	Quality improvement to mitigate risk

	Gray 
et al.,13 
2023
	To evaluate the failure modes in the treatment process for volumetric-modulated arc therapy for total body irradiation (VMAT-TBI) and create a quality control program
	Evaluation of a health service
	1 health institution
	Multidisciplinary team of 3 physicians, 7 medical physicists, and 4 radiation therapists familiar with VMAT-TBI
	None
	Quality improvement to mitigate risk

	Haroun 
et al.,14 
2021
	To evaluate and make improvements to the process of blood sampling by nurses  
	Evaluation of a health service
	1 specialized cancer center
	7-member multidisciplinary team that included nurse manager, clinical nurses, quality coordinators, and a health informatics supervisor
	None
	Quality improvement to mitigate risk

	Hosoya
et al.,15
2015
	To examine the risks associated with poor adherence to ABL tyrosine kinase inhibitors 
	Evaluation of adherence to medication 
	1 university hospital
	54 patients with chronic myeloid leukemia
	None
	Quality improvement to mitigate risk

	Ibanez-Rosello 
et al.,16 
2016
	To analyze the risks of the treatment process for Esteya, a device for electronic brachytherapy to treat skin cancer lesions
	Evaluation of a health service
	1 health center
	7-member multidisciplinary team (including radiation oncologists and medical physicists)
	None
	Quality improvement to mitigate risk

	Ibanez-Rosello 
et al.,17 
2018
	To evaluate the risks of total skin electron irradiation (TSEI) and accordingly adapt quality assurance tools
	Evaluation of a clinical intervention 
	1 health center
	5-member multidisciplinary team (with representatives from the different steps of the process, e.g., radiation oncologists and medical physicists)
	None
	Quality improvement to mitigate risk

	Intra 
et al.,18 
2016
	To assess the risks of assisted reproductive technology and improve the process by targeting critical failure modes
	Evaluation of a health service
	1 laboratory center for in vitro fertilization (IVF) 
	Team consisting of the laboratory director, 2 embryologists, 2 quality managers
	None
	Quality improvement to mitigate risk

	Jones 
et al.,19 
2015
	To evaluate the safety and feasibility of the new “STAT RAD” workflow for radiation therapy
	Evaluation of a clinical workflow
	1 institution’s radiation oncology department
	11-member team familiar with STAT RAD (1 radiation oncology attending physician, 1 radiation oncology resident physician, 5 medical physicists, 1 dosimetrist, 1 medical student, 2 radiation therapists)
	None
	Quality improvement with the goal of implementing the STAT RAD workflow into clinic

	Kim 
et al.,20 
2019
	To evaluate the new magnetic resonance (MR)-only workflow compared to conventional workflow for planning external beam therapy of the pelvis
	Evaluation of a health service
	1 health institution
	9-member multidisciplinary team (3 medical physicists, 2 radiation oncologists, 2 radiation therapists, 2 MR technologists)
	None
	Quality improvement to mitigate risk

	Kisling
et al.,21 
2019
	To assess the risk of potential failures in the automated radiation planning assistant (RPA) and to assess risk reduction with implementing a targeted quality assurance program
	Evaluation of a clinical intervention

	4 health centers in South Africa and Botswana
	Team of 6 subject matter experts and 6 prospective users of RPA (medical physicists at the 4 centers)
	None
	Quality improvement to mitigate risk

	Kricke 
et al.,22 
2016
	To assess how the secondary use of electronic health record documentation may improve the discharge process from an inpatient cardiology unit
	Evaluation of a health service
	1 hospital’s inpatient cardiology unit in Chicago, IL
	Expert clinicians and staff from the inpatient cardiology unit (included the unit’s nurse educator and director)
	None
	Quality improvement to mitigate risk

	Kunac & Reith,23 
2005
	To assess the potential failures of medication usage in the neonatal intensive care unit (NICU)
	Evaluation of a health service
	1 tertiary-level NICU in a New Zealand hospital
	8-member multidisciplinary team (4 management representatives of varying levels, 2 medical staff members, 1 nursing staff member, 1 pharmacy staff member) 
	None
	Quality improvement to mitigate risk

	Mattsson 
et al.,24 
2019
	To assess the risks of oral antineoplastic treatment in an outpatient setting
	Evaluation of a health service
	1 clinical oncology in Denmark
	One team of healthcare professionals (nurses and physicians with diverse ages and expertise) and one team of cancer patients (with diverse backgrounds, identities, and diagnoses)
	None
	Quality improvement to mitigate risk

	Manger
et al.,25 
2018

	To assess and improve the Xoft electronic skin brachytherapy process
	Evaluation of a health service
	1 health clinic
	8-member multidisciplinary team (3 physicists, 2 dosimetrists, 1 physician, 2 therapists)
	None
	Quality improvement to mitigate risk

	Nealon 
et al.,26
2022
	To evaluate the risks of the Radiation Planning Assistant (RPA), an automated radiation therapy contouring and planning tool
	Evaluation of a health service
	1 health institution
	Multidisciplinary team of RPA users (1 physician, 3 physicists, 1 dosimetrist), 2 RPA developers, 1 quality improvement representative
	None
	Quality improvement to mitigate risk

	Nishioka 
et al.,27 
2022
	To assess the risks of online magnetic resonance-guided adaptive radiotherapy and improve its quality assurance program
	Evaluation of a clinical intervention
	National Cancer Center Hospital (NCCH) in Japan
	14-member multidisciplinary team (2 radiation oncologists, 5 medical physicists, 5 radiation technologists, and 2 medical physics students)
	None 
	Quality improvement to mitigate risk

	Noel 
et al.,28 
2014
	To assess risks specific to intensity-modulated adaptive radiotherapy compared to the standard intensity-modulated radiotherapy
	Evaluation of a clinical intervention
	NA
	4-member experienced team (2 clinical medical physicists, 1 clinical engineer, 1 radiation oncologist)
	None
	Quality improvement with the goal of clinical implementation of intensity-modulated adaptive radiotherapy

	Prabhakaran 
et al.,3 
2015
	To identify the failures in achieving the door-to-needle process in an hour or less for acute stroke at an academic versus community hospital
	Evaluation of a clinical intervention
	2 hospitals in Chicago, IL (1 academic and 1 underserved community hospital)
	15-member multidisciplinary team (included stroke program coordinator, neurologists, radiologists, emergency medicine providers, pharmacists, and process improvement leader) from the academic hospital, and 8-member multidisciplinary team (included stroke program coordinator, lab supervisor, computed tomography supervisor, pharmacist, quality manager, and emergency medicine physician) from the community hospital
	None
	Quality improvement to mitigate risk

	Rienzi 
et al.,29 
2017
	To identify potential failures in the traceability process of gametes and embryos during IVF and to strategize for mitigating the risk of mismatches
	Evaluation of a clinical intervention 
	7 health centers in Italy (3 public and 4 private)
	At least 49 stakeholders, in teams of 7+ members in each of the 7 health centers (included lab directors, quality control professionals, embryologists, gynecologists, nurses, administrators)
	None
	Quality improvement to mitigate risk

	Schuller 
et al.,30 
2017
	To use FMEA in a small, resource-limited community practice by evaluating the failure modes of their stereotactic radiosurgery program
	Evaluation of a clinical intervention
	1 radiation oncology department of a small community practice
	8-member multidisciplinary team (including representatives from dosimetry, radiation therapy, nursing, research, administration staff, physicians, and physics)
	None
	Quality improvement to mitigate risk

	Sorrentino31 
2016
	To evaluate the risks of failures in emergency department handoff processes and to develop a standardized handoff for process improvement
	Evaluation of a health service

	1 acute care hospital emergency department
	Committee of 12 team members
	Donabedian’s framework
	Quality improvement to mitigate risk

	Takemori 
et al.,32 
2022
	To evaluate the risks of accelerator-based boron-neutron capture therapy (BNCT) needed for quality assurance
	Evaluation of a clinical intervention
	1 hospital
	7-member multidisciplinary team of (1 physician, 1 nurse, 2 medical physicists, 3 radiologic technologists)
	None
	Quality improvement with the goal of clinical implementation of accelerator-based boron-neutron capture therapy

	Teixeria 
et al.,33 
2016
	To assess the risk profiles of different cancer centers for stereotactic radiosurgery programs in order to develop quality management programs
	Evaluation of a clinical intervention
	3 radiotherapy cancer centers in Brazil
	8-13 member teams at each cancer center (included radiation oncologists, medical physicists, technologists, nurses)
	None
	Quality improvement to mitigate risk

	Walsh 
et al.,34 
2013
	To have parents of cancer patients identify the failures associated with pediatric home oral chemotherapy
	Evaluation of a health service
	3 pediatric oncology clinics in the northeast and southeast 
	4 parents at two of the sites and 10 parents at the third site
	None
	Quality improvement to mitigate risk

	Xu A, 
et al.,35 
2017
	To evaluate the risks of Gamma Knife radiosurgery, in order to eventually develop a quality assurance program for this treatment
	Evaluation of a clinical intervention
	1 medical center
	Multidisciplinary team (of medical physicists, radiation oncologists, neurosurgeons, nurses, safety officers, and schedulers) created the process tree and failure modes table. Another team (of medical physicists, 2 radiation oncologists, and 3 neurosurgeons familiar with Gamma Knife) scored the failure modes using FMEA 
	None
	Quality improvement to mitigate risk

	Xu Z, 
et al.,36 
2019
	To identify and assess the failures that cause delay in the process of radiation therapy
	Evaluation of a clinical intervention
	1 main health campus
	Administrative staff and a group of physicists, therapists, dosimetrists, and physicians from the radiation oncology department
	None
	Quality improvement to mitigate risk

	Yarmohammadian 
et al.,37 
2014
	To evaluate the risks of processes carried out within the medical record department and how performance improvement of these processes could be achieved 
	Evaluation of a health service
	1 hospital
	13-member multidisciplinary team of key informants (clerks, coder, statistician, administrators)
	None
	Quality improvement to mitigate risk

	Yousefinezhadi et al.,38 
2016
	To assess potential failure modes in the ICUs of two different kinds of hospitals
	Evaluation of a health service
	2 hospitals 
(1 non-governmental and 1 governmental) in Tehran
	Multidisciplinary team (chief nurse, chief nurse assistant, nurse supervisors, head ICU nurse, bedside nurse, patient safety experts) at each hospital
	Eindhoven Classification Model (ECM)
	Quality improvement to mitigate risk

	*This categorization of quality improvement (QI) or implementation science (IS) was determined through the following means: the authors self-identifying the purpose or design of their study as inherently QI or IS, the study using key words and terminologies specific to QI or IS, the study being published in a specifically QI or IS journal, the study using a framework known to be used for IS, such as the Consolidated Framework for Implementation Research (CFIR)




Supplemental file 2: Case studies of process mapping with FMEA

Case studies
Two cases are described below and in Supplemental Table 2 to illustrate how process mapping with FMEA can be operationalized in implementation research. The principal investigators of the two cases followed similar guidance for design, so overlap was expected. However, we also highlight differences in the evidence-based practice, context of participating clinics, and operationalization of each phase and step in the methodology. 

Case 1
Our first case explores referrals by primary care providers (PCPs) to chiropractic care for patients with low back pain. Chiropractic care is an evidence-based practice that is safe, effective, and recommended by the American College of Physicians as first-line care for low back pain.39,40 This mixed methods study sought to identify barriers to accessing chiropractic care in low-income, racially diverse communities who are less likely to report use of chiropractic care and other nonpharmacologic treatments for low back pain41. 

Phase 1: Formulating a plan
Four stakeholder teams were formed to represent four primary care clinics, each consisting of PCPs, clinic staff, and chiropractors. Methods then consisted of the following phases: initial process mapping exercises via one-on-one meetings and final process map generation through iterative thematic analysis, FMEA workshops and surveys to evaluate process maps, and development of an implementation strategy to be evaluated in three community health centers. 

Phase 2: Generating process maps
To ensure that each stakeholder has a clear understanding of the study, individuals were first presented with a brief overview of the context and goals of the research. A member of the research team (e.g., principal investigator) gave this initial presentation. During the process mapping exercise, the investigator used their electronic device to “screen-share” while taking basic notes, such that the stakeholder could observe how their data was recorded in real time. While the principal investigator visually categorized the main points of the stakeholder narrative within the map skeleton on their device, research assistants simultaneously generated comprehensive notes.
When subsequently categorizing elements of each stakeholder narrative, the factors deemed “failure modes” were first added to a process map skeleton of general nodes. Because failure modes are barriers and thus rated by FMEA, they were visually distinct from the general nodes. All general nodes were framed in the affirmative (e.g., PCP decides to initiate conversation about chiropractic care). Failure modes appeared as smaller boxes, aligned in an indented list below their respective subprocess node. All failure modes were described as actionable steps and framed in the negative; for example, “provider is not able to put a chiropractic referral into the electronic health record.”  
Factors that were purely “facilitators” were then added to the process map as general nodes (which, at times, resulted in breaking down an existing subprocess into several general nodes) or as failure modes (which involved reframing language in the negative). For example, “patient meets with a financial counselor for an explanation of insurance benefits” is one such “facilitator.” This allowed investigators to shed light on unique narrative elements that would otherwise not be captured in the concise language of the process map. 
Investigators compiled a cumulative list that included all barriers identified by stakeholders across all teams, which was then condensed into a shorter “priority” list based on feedback from site champion stakeholders. Because it was relevant to compare across different stakeholder groups, every participant in the FMEA rating process rated every barrier in this condensed list (see Prioritizing failure modes of Phase 3). Three members of the research team separately went through the list of barriers to ensure that each list item was indeed distinct. At times, the investigators combined what a stakeholder had originally described as two distinct barriers, e.g., if it was decided that one was the reason for the other.

Phase 3: FMEA
Brief FMEA workshops were conducted virtually to introduce the rating methodology to stakeholders before they completed an FMEA survey. This included inviting participants who helped generate process maps and other representatives of a participating clinic. When given an hour for workshop the time was roughly divided as follows: present and discuss the final process map (10 minutes), introduce FMEA (10 minutes), and have participants rate barriers with FMEA on REDCap, a secure online survey platform (40 minutes). A brief introduction to FMEA was also recorded so that stakeholders who could not attend the workshop would be able to complete the FMEA survey.  As part of introducing FMEA to the participants, rating guides were presented to describe the scoring system (e.g., how having the lowest occurrence score of 1 corresponded to minimal occurrence, meaning that it occurs in 1 in 10 patients eligible for chiropractic care). A survey link was first distributed to participants during the workshop so that it could be initiated in real time, but follow-up emails were sent to all team members after the workshop in order to encourage survey completion.

Phase 4: Devising an implementation strategy
Forthcoming FMEA results will be used to inform the development and tailoring of implementation strategies to increase referrals to chiropractic care for low back pain in three primary care clinics. The study team will present a final list of strategies to each clinic team and refine based on feedback. The FMEA survey created from initial clinics could be used to identify or prioritize barriers in additional clinics prior to implementation. Additional unique barriers in new clinics could be identified through additional map creation and/or meetings with stakeholders.

Case 2
Our second case involves implementation of a Family Navigation intervention for children with autism spectrum disorder. Family Navigation is an evidence-based practice to improve access to care. Family Navigation consists of an individual with “lived experience” providing both logistical and interpersonal support to families during a time-limited period of care needs.42 This mixed methods study was designed to understand barriers to implementing this practice across three large health systems. The investigation was embedded in a larger randomized controlled trial of Family Navigation, and thus supporting an overall hybrid type I trial design.43 

Phase 1: Formulating a plan
Because this study was embedded in a larger trial, stakeholders consisted of all study staff: study/site principal investigators, family navigators, and research staff. Specifically, we interviewed 12 stakeholders: 3 family navigators, 3 study coordinators, 1 research assistant, 3 developmental and behavioral pediatricians, and 2 Principal or Co-investigators. 

Phase 2: Generating process maps 
Interviews were used to create a draft process map of family navigator implementation; stakeholders were given the opportunity to review and refine the map. 

Phase 3: FMEA
After the process map was complete, we conducted an FMEA workshop to evaluate the process map. This consisted of a meeting with all stakeholders listed above to review the process map, introduce FMEA methods, and then conduct the FMEA. In the first part of the FMEA exercise, the principal investigator of the FMEA study distributed copies of the process map for all participants to review. Participants then had an opportunity to ask questions and discuss as a group. Once all questions were resolved, the PI presented two practice cases from the literature for the group to review as a means of better understanding the FMEA methodology. For each practice case, the group conducted a practice FMEA, identifying and rating each potential implementation failure.
After the practice cases, the group conducted the FMEA for family navigator implementation. Because the process map was complex (66 steps were included), the first step of the FMEA was to identify the most critical steps to evaluate in the FMEA. Using group consensus, seven steps emerged as “high priority”. Each stakeholder was then asked to rate these seven high-priority steps according to the FMEA methodology. 

Phase 4: Devising an implementation strategy
Once the FMEA was completed, we used that data to design a trial (currently ongoing) to empirically test new implementation strategy components (PMID: 31842963). The data are also being used in a separate trial of family navigator implementation (R34MH120190). 

	Supplemental Table 2. Overview of fourteen-step methodology with examples from cases

	
Recommendation
	
Description
	Case Study 1
(K23-AT010487)
	Case Study 2 
(K23-MH109673)2

	Phase 1, Step 1: Choose a guiding framework 
	Decide on what kind of framework will inform the thematic analysis to identify determinants of implementation. 
	Investigators chose to use Consolidated Framework for Implementation Research (CFIR) as a guide for structuring process maps and conceptualizing future implementation strategies. A pilot interview study of a codebook using CFIR was performed at clinics participating in Case 1.44

	Phase 1, Step 2: Form teams 
	Decide if more than one type of stakeholder and more than one clinic site will be involved in building the process maps, which will inform the number of teams. Also decide how stakeholders will be grouped into these teams (e.g., by clinic or by type of stakeholder role).
	Multiple stakeholder roles and multiple clinic sites were involved. All stakeholders were grouped broadly by geographic location (Massachusetts and Minnesota) and then more specifically by clinic site (Clinics 1 and 2 in Massachusetts and Clinics 1 and 2 in Minnesota).
	Stakeholders included all staff participating in a research study. No additional stakeholders were included. Stakeholders were not grouped.

	Phase 1, Step 3: Recruit stakeholders for process mapping
	Use a sampling strategy to recruit the target number of stakeholders. 
	With facilitation from site champions, investigators used purposive sampling to recruit stakeholders in specific roles from each clinic site (e.g., 2-3 PCPs, 2-3 staff, 2 chiropractors). 
	Because this FMEA was embedded in an RCT, all staff of the trial were invited (and agreed to) participate.

	Phase 2, Step 4: Conduct initial process map meetings
	Researcher leads a one-on-one meeting with each individual stakeholder. Stakeholder details a complete narrative of the process, which may be guided by a process map skeleton of basic nodes.
	Principal investigator led virtual meetings with individual stakeholders over Zoom. Investigator used the screen-share feature to display a process map skeleton of basic nodes to orient the stakeholder. Research assistants transcribed notes on the entirety of the stakeholder’s narrative.
	Research assistant led one-on-one in person meetings with each stakeholder. Process map was displayed and discussed in real time. 

	Phase 2, Step 5: Create stakeholder narratives
	Based on their respective process map meeting, generate basic narratives for each individual stakeholder. 
	Research assistants organized their transcribed notes and restructured them into individual narratives with emphasis on the unique factors described by each stakeholder.
	No narratives were completed.

	Phase 2, Step 6: Build a process map skeleton
	Based on each individual stakeholder narrative, divide the narrative into distinct subprocesses. Use these subprocesses to visually build a process map skeleton.
	Process map skeleton was formed by depicting subprocesses as text within blank white boxes. 

	Phase 2, Step 7: Incorporate factors into process map
	Categorize the rest of the information in each stakeholder narrative as: “failure mode,” “facilitator,” or “other.” Decide if each process map should include all three of these types of factors, or if it should be limited to only depicting failure modes. Visually incorporate factors into the map skeleton to fill out the rest of the process map.
	Only “failure modes” were visually incorporated into the process map; “facilitators” were edited to be framed as “failure modes” so that they could be included as well. Factors categorized as “other” were incorporated as text in a “Contextual Factors” box, located outside of the flow of the map.
	All steps were incorporated into process map. 

	Phase 2, Step 8: Decide on consistent language and layout for the process maps
	Ensure that all text is uniform for each type of object in the process map. Language and layout should be uniform across all subprocesses and all failure modes, for example.
	All subprocess nodes were framed as positive actions with a clear actor (subject). All failure modes were framed as negative actions to clearly show how they would impede the process.

	Phase 2, Step 9: Finalize process maps
	Shared each finished process map with its respective stakeholder for member checking. Use thematic coding to create a cumulative list of determinants (e.g., failure modes). If applicable, coding can facilitate the consolidation of initial process maps into one combined process map per stakeholder team.
	Process maps were coded to create a cumulative list of barriers across all four clinic sites. Investigators used Microsoft Excel to create this cumulative list and to visualize how the commonality of each barrier (e.g., to note which barriers were described by every stakeholder within a team compared to those described by only one stakeholder member within a team). 
	Process maps were coded to create a list of barriers. Investigators used Microsoft Excel to create this cumulative list and to visualize how the commonality of each barrier (e.g., to note which barriers were described by every stakeholder within a team compared to those described by only one stakeholder member within a team).

	Phase 3, Step 10: Plan FMEA workshops
	Decide on a point-scale for FMEA and create a rating guide. Decide how many barriers will be rated and which stakeholders will do the rating. 
	A 10-point scale was used, and a rating guide was created that provided study-specific definitions for each FMEA category of occurrence, detection, and severity (e.g., an occurrence score of 1 = occurs in less than 1 out of 10 patients with low back pain). All identified barriers were rated by every stakeholder type. The raters were not necessarily all the same stakeholders who had contributed to the initial process mapping.
	A final process map was reviewed. Of the 66 steps, 7 were selected as “high-priority” using consensus methods. 

	Phase 3, Step 11: Conduct FMEA workshops
	Provide stakeholders with rating guides and other materials such that they understand the goals of the study and their role with FMEA.
	A 10-point scale was used, and a rating guide was created that provided study-specific definitions for each FMEA category of occurrence, detection, and severity.
	A 10-point scale was used, and a rating guide was created that provided study-specific definitions for each FMEA category of occurrence, detection, and severity.

	Phase 3, Step 12: Data Analysis

	Run descriptive statistics to calculate
	70+ barriers to be rated by clinicians and staff at four primary care clinics
	Presented in Broder-fingert2

	Phase 4, Step 13:
Choose which barriers are to be addressed

	Based on FMEA results, select identified barriers to target with implementation
	Data forthcoming (K23-AT010487)
	Presented in Broder-fingert2

	Phase 4, Step 14
Devise an implementation strategy
	Either create an implementation strategy or modify an existing strategy that is tailored to selected barriers.
	Data forthcoming (K23-AT010487)
	Data are currently being used to test different implementation strategies.
R34MH120190
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