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Abstract

Background Generating and analyzing process maps can help identify and prioritize barriers to the implementa-
tion of evidence-based practices in healthcare settings. Guidance on how to systematically apply and report these
methods in implementation research is scant. We describe a method combining a qualitative approach to developing
process maps with a quantitative evaluation of maps drawn from the quality improvement literature called failure
mode and effects analysis (FMEA).

Methods We provide an outline and guidance for how investigators can use process mapping with FMEA to iden-
tify and prioritize barriers when implementing evidence-based clinical interventions. Suggestions for methods

and reporting were generated based on established procedures for process mapping with FMEA and through review
of original research papers which apply both methods in healthcare settings. We provide case examples to illustrate
how this approach can be operationalized in implementation research.

Results The methodology of process mapping with FMEA can be divided into four broad phases: 1) formulating

a plan, 2) generating process maps to identify and organize barriers over time, 3) prioritizing barriers through FMEA,
and 4) devising an implementation strategy to address priority barriers. We identified 14 steps across the four phases.
Two illustrative examples are provided. Case 1 describes the implementation of referrals to chiropractic care for adults
with low back pain in primary care clinics. Case 2 describes the implementation of a family navigation intervention
for children with autism spectrum disorder seeking care in pediatric clinics. For provisional guidance for reporting, we
propose the REporting Process mapping and Analysis for Implementation Research (REPAIR) checklist.

Conclusions Process mapping with FMEA can elucidate barriers and facilitators to successful implementation of evi-
dence-based clinical interventions. This paper provides initial guidance for more systematic applications of this meth-
odology in implementation research. Future research should use a consensus-building approach, such as a multidisci-
plinary Delphi panel, to further delineate the reporting standards for studies that use process mapping with FMEA.
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Contributions to the literature

» Process mapping with failure mode and effects analy-
sis (FMEA) is widely used for quality improvement in
healthcare settings to identify and prioritize setting-
specific barriers to successful improvement. However,
process mapping with FMEA is uncommon in imple-
mentation research. Its advantages of visualization,
incorporation of time, and flexible tailoring to specific
contexts and perspectives have long been embraced for
quality improvement and are thus highly promising for
implementation research.

e We are unaware of standard approaches or published
guidelines for process mapping with FMEA in imple-
mentation research.

» This paper describes the development of a systematic
approach to process mapping with FMEA for imple-
mentation research.

Background

Accurately identifying the determinants that impede (i.e.
barriers) or allow (i.e. facilitators) the uptake of evidence-
based practices is a central mission in implementation
research [1]. Implementation strategies can target these
determinants with the goal of increasing the rate at which
evidence-based practices become part of routine clinical
care [2]. Prioritizing which determinants are targeted in
a specific setting may be critical to developing feasible
and effective implementation strategies [3]. In this paper,
we consider identifying barriers and facilitators through
the development of process maps, along with their subse-
quent evaluation through failure mode and effects analy-
sis (FMEA).

Current methods for identifying barriers are limited
in that they often do not explicitly explore relationships
between barriers and/or do not consider how barriers
occur or interact over time, even though they may rely
on frameworks that consider time or stages of implemen-
tation (e.g., EPIS framework) [4]. Visualizing the occur-
rence of barriers as they impede the implementation of
an evidence-based practice may help to prioritize barri-
ers and inform where or when to intervene with specific
implementation strategies. Furthermore, widely used
qualitative approaches for identifying barriers and facili-
tators—such as in-depth interviews or focus groups—do
not necessarily create the opportunity to prioritize barri-
ers based on when or how often they occur. Quantitative
surveys alone are also limited, as they may lack the flex-
ibility needed to identify and prioritize distinct barriers
across different healthcare settings.

Page 2 of 14

The development and analysis of process maps using
FMEA may address some of these challenges. FMEA,
which has origins in engineering and manufacturing
operations, is increasingly used in healthcare settings.
Prior guides to this methodology have focused on the
general steps of conducting FMEA rather than a sys-
tematic approach to creating process maps, or vice versa
[5-7]. Furthermore, FMEA is often used to assess quality
or safety of delivery of a procedure rather than to iden-
tify barriers or facilitators of successful implementation
of interventions in or across healthcare and community
settings. Indeed, a case study by Kononowech et al.noted
that pragmatic, tangible examples of process mapping
techniques are lacking in the implementation science lit-
erature [8]. Further guidance on this method is needed
so that it may be more broadly applied in implementa-
tion efforts within healthcare settings. In turn, additional
applications of this method are needed to evaluate its
validity or utility for identifying determinants of imple-
mentation in comparison with more traditional methods.

Use of process maps with FMEA may also help to align
implementation science with improvement practice
through partnering with improvement scientists who
have experience with this methodology [9]. However,
additional development of this approach is needed so
that methods are clear, systematic and reproducible, par-
ticularly for projects that use this method across multiple
clinics or health systems. Thus, there is an opportunity
for synergistic collaboration across quality improvement
and implementation science fields to advance the meth-
odology and achieve the shared goal of improving patient
care [10].

Methods

In this manuscript we describe the use of process map-
ping with FMEA to identify and prioritize barriers that
can be the target of tailored implementation strategies.
The approach we describe was informed by: 1) prior
guides or literature reviews on use of FMEA with or with-
out guidance on process mapping; and 2) reviewing origi-
nal research papers which apply process mapping with
FMEA in healthcare settings. In addition to presenting a
step-by-step guide with a reporting checklist, we provide
two case studies to illustrate the use of this methodology
in implementation research.

Results

Literature review

We identified several guides and reviews involving pro-
cess mapping with FMEA [5, 6, 11] or FMEA only [7,
12-22] in healthcare settings. We handsearched these
articles (for citations forwards and backwards in time)
to find a list of original research articles that report use
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Fig. 1 Guided approach to using process mapping and FMEA in implementation research

of both process mapping and FMEA. For example, a
recent systematic review identified 105 studies using pro-
cess mapping in healthcare settings [5], 8 of which used
EMEA to analyze process maps [23—-30]. We did not find
published guidelines for conducting process mapping
and FMEA in implementation research.

Additionally, we searched PubMed for additional
articles through January of 2024. Our search strategy,
described further in Supplemental File 1, identified 721
potentially relevant articles. In total, we identified 54
original research articles that presented both process
maps and FMEA from our literature review and hand-
searching citations of relevant articles. Of these 54, only
1 self-identified as being ‘implementation research’ [31].
The rest self-identified as quality improvement stud-
ies, although several also indicated that the end goal of
their work was to implement an innovation. In Supple-
mental Table 1, we present characteristics of select arti-
cles (n=38/54, 70%) [23—60] which vividly describe using
multidisciplinary teams for process mapping and FMEA
within a healthcare setting.

Guide for applying process mapping with FMEA

Based on our literature review, we developed the follow-
ing guide for conducting process mapping and analysis
with FMEA to identify and prioritize barriers that can
be the target of tailored implementation strategies. In
Fig. 1 we propose a method with four phases: formulate
an overall plan; generate process maps; analyze process

maps by FMEA; and devise a tailored implementation
strategy that targets the barriers prioritized by FMEA.

Phase 1: Formulating a plan

Step 1: Choose a guiding framework Investigators
should choose a framework that is expected to effectively
guide the thematic organization of constructs and analy-
sis of process-related data, contextualize findings, and
allow for generalization of results [61]. Without effective
use of frameworks, investigators may come to false con-
clusions regarding their implementation effort, and the
study’s impact on the field may also be compromised. The
chosen framework can come from the field of implemen-
tation science or related fields (e.g., improvement, behav-
ioral, or organizational sciences). It should reflect both
the specific context and goals of the study. The Theory
Comparison and Selection Tool (T-CaST) was created
to help research teams choose the appropriate theo-
ries, models, and frameworks for their implementation
efforts [62]. Research teams wanting to study the factors
that influence implementation outcomes—which is the
focus of this guide—will choose a determinant frame-
work such as the Theoretical Domains Framework (TDF)
[63] or the Consolidated Framework for Implementa-
tion Research (CFIR) [64, 65]. For research teams study-
ing the beliefs and behaviors of healthcare workers, TDF
may be a sensible choice. For teams aiming to understand
or change health system infrastructure or policies, CFIR
may be suitable. It is also possible to employ multiple
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frameworks, particularly when one framework can com-
plement the other, e.g., using CFIR and TDF [66].

Step 2: Form teams A team of stakeholders is assem-
bled; these individuals will generate the data for build-
ing process maps. If investigators are involving multiple
sites (e.g., more than one clinic or health system), a stake-
holder team should be developed to represent each site
[37]. The number and types of stakeholders will depend
on the study goals. Even when the implementation effort
involves a clinical procedure with specific steps (e.g., sur-
gery), it can be important to consider other, non-clinican
perspectives [67]. In fact, it is often crucial to involve a
diverse mix of stakeholder perspectives when the aim
is to increase adoption of an evidenced-based practice
in usual care [29, 33, 37, 55]. This ranges from an end-
user point of view (e.g., patients who can voice their own
needs and resources) to a macro-level point of view (e.g.,
administrators who can identify policies or other fac-
tors that influence implementation within the organi-
zation) [14, 37]. Although researchers may identify
stakeholders with membership in one particular role
as the basis for their recruitment, it is important
to note that the same individual can have member-
ship in multiple roles through their own lived expe-
riences, e.g., clinic staff or providers who also identify
as patients or caregivers. Researchers who acknowledge
and encourage participants to share their full perspec-
tive are likely to gain a richer level of detail when
developing process maps.

Step 3: Recruit stakeholders for process mapping Sam-
pling strategies may include convenience sampling
(involving stakeholders or a particular site to which the
investigators have easy access) or purposive sampling
(seeking out clinic sites or stakeholders that repre-
sent variation around the implementation of the prac-
tice being studied) [68]. The number of stakeholders to
involve depends on the complexity and scope of the pro-
cess of interest. Those involved should have knowledge
of and experience with different parts of the process. To
mitigate potential time constraints of stakeholders, inves-
tigators are advised to work closely with clinic site cham-
pions to ensure that the team is being strategic about
when and how to ask for stakeholders’ time.

Phase 2: Generating process maps

Step 4: Conduct initial process map meetings The goal
of these meetings is to collect data from stakeholders
for an initial process map. Meetings can be one-on-one
with a research team member, which may be easier to
schedule for individuals working in busy clinical settings.
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When it is feasible to convene multiple or all team mem-
bers, it may be more efficient to create multiple maps
at once as part of a focus group or workshop facilitated
by the research team. Researchers should be intentional
about ensuring participants’ psychological safety, i.e.,
their willingness to speak up and disagree openly without
fear of repercussions. Psychological safety may depend
on the inherent power dynamics of the group or the sen-
sitivity/urgency of the topic being studied. Employing
the following general measures should promote psycho-
logical safety and participant candor: conducting process
map meetings without the presence of clinical leaders/
management and/or ensuring that group interviewees
are from the same organizational level, and communicat-
ing that all participant data will be de-identified.

In these process map meetings, the researcher asks the
stakeholder(s) to tell a comprehensive narrative based on
their experiences and understanding of the process being
studied. The process has a predetermined start and end
point, such that the scope and timeline of the process
is clear. The investigator can display a basic skeleton of
a map (e.g., 2-3 nodes or boxes representing steps in the
process) to orient the stakeholder(s) (Fig. 2, Panel A). The
investigator prompts the stakeholder by asking them to
note specific steps in the process, along with contextual
factors that may determine success at that step, e.g., the
barriers or facilitators of implementation. Interviews or
focus groups may be recorded and transcribed. Alterna-
tively, research team members can take comprehensive
notes. Researchers should choose a means of data collec-
tion that allows them to carefully document the following
types of information: general steps of the process, barri-
ers, facilitators, and other contextual factors of partici-
pants or the clinical setting.

Step 5: Chronologically order notes from stakeholder
meetings Notes from stakeholder interviews should be
organized chronologically—that is, all steps and determi-
nants (barriers or facilitators) are ordered according to
how the stakeholder reported the progression of the pro-
cess over time. If the research team would like to capture
illustrative “cases,” interview notes might also serve as the
basis for generating a comprehensive narrative for a given
stakeholder. Narratives could also be revisited after col-
lecting the data from FMEA to shed light on the ration-
ale that participants may have used when answering the
FMEA rating questions.

Step 6: Build a process map skeleton Chronological
notes are organized to build initial process maps by first
identifying all of the distinct steps of the process (Fig. 2,
Panel B). Each step will be a general node in the process
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Fig. 2 Visual guide to generating process maps. A shows a process map skeleton that includes a starting point (1), an end point (4) and some

of the known intermediate steps (2 and 3). This figure can orient the stakeholder for the creation of their own process map. The dotted line indicates
that there may be additional intermediate steps and that participants should name such steps in telling the narratives for their own process maps.
B provides an example that retains the original steps of the skeleton map (black) with an individual stakeholder or group adding additional steps
(pink) and barriers/failure modes (blue) that may prevent one from getting to that step. Some of the steps have a single barrier while others have
multiple. C shows how parts of the map can be organized by swim lanes that indicate a particular context or perspective. One example of context
would be that Context A in figure indicates the inner setting (e.g., a clinic) and Context B indicates the outer setting (e.g., the community). In

this example, showing barriers that occur in the context of a clinical or health system may be more or less addressable. Swim lanes may also be
used to show a particular context, see Broder-Fingert [31] where separate 'lanes’are given to patients, providers, and staff. It is important to note
that some stakeholders may contribute to different parts of the map. For example, if Context A indicates the clinical setting, it may be that Steps 2
and 3 and the associated barriers are primarily identified by clinicians and clinical staff, while Steps 5 and 6 involve a transition to the community
setting and thus may be identified by other stakeholders, such as patients or community leaders
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map. These represent subprocesses that are not failure
modes and thus will not be rated by FMEA. Basic rules for
generating process maps include expressing each node or
subprocess from left to right (or top to bottom) as they
occur over time [11, 13]. This should be illustrated in
appropriate software (e.g., Microsoft PowerPoint, Adobe
Hlustrator). Events that recur over time can be expressed
as they occur or only once to simplify the map (frequency
of occurrence will be evaluated in FMEA). The frame-
work or theory chosen to guide the creation and analysis
of finalized process maps may also inform the formatting
of maps [64]. The precise structural format of these maps
may vary but should be defined clearly in a protocol doc-
ument and methods section of a manuscript.

Step 7: Incorporate failure modes into process map From
the stakeholder narratives, additional elaboration on con-
textual details or reasons for why the subprocess would
not be successful can be categorized as being a: “failure
mode” (a barrier that prevents the success of the sub-
process), “facilitator” (a factor that promotes the success
of the subprocess), or “other” (a potentially important
contextual detail that does not clearly prevent or facili-
tate the subprocess but may be relevant when designing
implementation strategies). Once conceptually catego-
rized in this way, each failure mode (barrier) is added to
the map under the appropriate node.

Step 8: Decide on consistent language and layout for pro-
cess maps The process map is refined to be appropri-
ately concise and clear. Language used to describe steps
or failure modes in initial maps may be reworded using
terminology from the guiding theoretical framework. To
make subsequent FMEA ratings easier, all failure modes
are described using a uniform format with a clear subject
and verb. Perspectives from different stakeholders should
be clearly depicted in the map. This can be achieve by
color-coding failure mode boxes (e.g., blue boxes for Pro-
vider and yellow boxes for Patient), organizing the map
into horizontal “swim lanes” as shown in Fig. 2, Panel C,
and/or simply following a standard text format where the
stakeholder is always identified first (e.g., patient cannot
financially afford the evidence-based practice).

Step 9: Finalize process maps Process map meet-
ings should continue at least until it becomes clear that
enough initial maps have been generated for one team;
this occurs when investigators see indications of thematic
saturation (e.g., an increasing lack of “new” steps or fail-
ure modes identified in process map meetings with new
stakeholders) [69]. Our experiences with this method
indicate that 8-12 stakeholder interviews at a given clinic
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allow for successful process mapping. This is consistent
with existing recommendations for thematic analyses of
qualitative data [70]. However, more complex processes may
require additional interviews to achieve thematic saturation.

At this point, the failure modes from each individual
stakeholder map are coded using the framework selected
in Step 1 so that individual maps can be combined and
a comprehensive list of failure modes can be generated.
As in traditional deductive coding, the research team
should build a codebook that operationalizes definitions
for the thematic codes that will be used to label failure
modes. Thematic coding of failure modes can be accom-
plished using software such as NVivo to code narratives
or coding failure modes from process maps in a matrix in
Microsoft Excel. Thematic coding of failure modes within
a matrix draws inspiration from rapid qualitative analy-
sis approaches [71, 72]. Coding failure modes from indi-
vidual maps within a matrix for the same clinic team will
facilitate map consolidation into one cumulative map per
team. This final process map, which reflects the process
as described by all stakeholder members of one team, can
be sent out to those stakeholders for member checking
before proceeding to FMEA analysis [73]. Researchers
should note the total number of unique barriers, which
involves verifying that each barrier is indeed distinct. For
example, investigators may have to decide whether a “cul-
tural barrier” is different from a “language barrier”

Phase 3: Analyzing maps by FMEA

Step 10: Plan FMEA workshops In accordance with the
Joint Commission International, FMEA scoring yields a
risk priority number (RPN), which is calculated by mul-
tiplying the individual scores of occurrence (O), detec-
tion (D), and severity (S) for each failure mode/barrier
(Fig. 3, Panel A) [15, 16]. Higher numbers in Fig. 3, Panel
B, indicate worse scores for occurence and severity (i.e.,
greater probability of occurrence and greater severity of
impact) and better scores for detection, i.e., greater prob-
ability to detect the barriers.

In preparation for the FMEA workshop, investigators
can use the process map generated in Phase 2 to develop
rating guides to be distributed to all participants prior
to performing map analysis, such that questions can be
resolved early and participants arrive to the workshop
prepared to engage. Rating guides can include the follow-
ing: an overview of FMEA with a straightforward exam-
ple, descriptions of how the O, D, and S dimensions are
defined for the study, a copy of the stakeholder team’s
final process map, and a cumulative list of identified bar-
riers. As part of describing the O, D, and S dimensions
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D

DETECTION

RPN

RELATIVE PRIORITY NUMBER

Description of failure mode/barrier (examplesfromCFIR) S O D

Local sociocultural attitudes do not support the intervention 2

Opinion leaders do not support the intervention

Poor channels of communication

High cost of intervention

Strength of evidence for intervention

Complexity of intervention

Lack of available resources in the inner setting

Needs are not clearly assessed

Limited market pressure to deliver intervention

O XD

Fig. 3 Visual guide to failure mode and effects analysis (FMEA). A depicts how to calculate the risk priority number (RPN) for a failure mode,

based on the individual scores of severity (S), occurrence (O), and detection (D). B depicts a table of raw FMEA results for example failure modes

a-i. The language for these illustrative examples was created using CFIR constructs [64, 65]. The numerical scoring here is for illustrative purposes
only and does not represent actual data. C depicts an example graphic of visualizing FMEA results for failure modes a-i. Note how the severity
dimension (which is anchored to the outcome of the process) stands alone on the vertical axis, while a composite dimension for occurrence

and detection (both of which are anchored to the failure mode itself) is on the horizontal axis. This may aid in identifying the failure modes with risk
that are skewed towards the process outcome, which may be relevant for developing an implementation strategy

of FMEA, the research team develops a uniform scor-
ing system that lists each numerical score and its cor-
responding description. This is demonstrated in Denny
et al. [37], in which having the lowest occurrence score of
1 corresponded to remote occurrence, meaning no known
occurrence or happens < 10% of the time, while having

the lowest detection score of 1 corresponded to very
high detection, meaning that the error [is] almost always
detected or [is caught] 9 out of 10 times. To provide clar-
ity, the rating guide also shows how the occurrence (O)
and detection (D) dimensions are anchored to the bar-
rier itself, while the severity (S) dimension is anchored to
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the outcome of the process; this is exemplified in Rienzi
et al. [55], in which only the S dimension is anchored to
the process outcome of “injury for gametes, embryos,
or patients” As shown in Fig. 3, we have modified the
D dimension so that "10" indicates very high detection
rather than "1" which allows the high RPN scores to pri-
oritize barriers that are feasible to detect (rather than
those that are hard to detect), frequently occurring, and
severe. Depending on the resolution of detail preferred,
either a 5-point or 10-point FMEA scale can be used.
Because such rating scales can be subject to response bias
and ceiling effect, researchers should highlight the objec-
tive anchors embedded in their scales and rating guides
to mitigate these issues. General survey methodology
articles can provide further guidance on fine-tuning Lik-
ert-scaled survey instruments to minimize information
loss and bias [74].

The goal of this analysis is ultimately to prioritize which
of the identified barriers could be effectively targeted
with implementation strategies. If multiple stakeholder
teams are involved, it may be helpful to compile a com-
prehensive list of all identified barriers across stakeholder
teams. Then, all stakeholders can rate every barrier with
EMEA, even if a particular team did not originally iden-
tify certain barriers in their process map. This allows
comparisons to be made across stakeholder teams, since
all teams would rate the same barriers but not every team
would rate these barriers the same way. This list of barri-
ers should include brief descriptions that might explain
reasons for why each barrier occurs and examples of each
barrier occurring [41, 49].

When considering the final FMEA survey, if the
research team decides that there are too many identi-
fied barriers to feasibly rate, the list can first be reduced
according to stakeholder priority. The decision of how
many barriers is too many may depend on participating
stakeholders, their availability, and resources for imple-
mentation. To reduce survey burden and allow for high-
quality assessments, a preliminary survey or workshop
could allow stakeholders to choose their top priority
barriers to be rated with FMEA. The word priority indi-
cates the most consequential failure modes, meaning
that these would be most likely to occur, least likely to
be detected (or most likely to be detected), and have the
most severe effect on the overall process. These top pri-
ority failure modes would be expected to have the highest
risk priority numbers (RPNs) by scoring high in each of
the three FMEA dimensions, as described [31]. Prelimi-
nary prioritization can determine a shortened list of bar-
riers to be rated in subsequent FMEA analysis. However,
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another option is seen in work by Kisling et al. [49] and
Denny et al. [37] that rated all barriers, such that only
after FMEA were priority barriers selected for further
investigation based on RPN.

Step 11: Piloting FMEA workshops and data collec-
tion As described above, a preliminary survey or work-
shop can be conducted to gain feedback before finalizing
survey items or rating guides. This pilot work will also
help investigators navigate any technical issues with dis-
tributing the survey items, e.g., through a secure online
survey. A final survey can then be distributed. Partici-
pants will rate the barriers according to the O, D, and S
dimensions of FMEA either asynchronously or together
during a workshop.

Step 12: Data analysis Analysis of numerical data col-
lected from FMEA surveys should be summarized using
descriptive statistics, e.g., the mean or median and range
of values for O, D, S, and RPNs and the impact score. The
highest RPN scores can be reported in tables or figures as
illustrated in Fig. 3, Panels B and C.

Exploratory analysis can be designed to see if barriers
differ at various levels (e.g., health systems, clinics, or
among participating stakeholder groups). Making com-
parisons should involve statistical tests when appropriate,
e.g., ANOVA for comparisons of scores across clinics.
However, sample size may not be conducive for between
group comparisons.

Phase 4: Devising an implementation strategy

Step 13: Choose which barriers are to be addressed The
goal of rating barriers according to FMEA in implemen-
tation research is to inform an implementation strategy.
Specifically, the calculated RPNs can provide a starting
point for deciding which of the identified barriers ought
to be addressed during implementation. This prioritiza-
tion of barriers according to FMEA results in preparation
for process redesign and optimization is commonly seen
in quality improvement work for health services [29, 37,
38, 41]. There is also opportunity here for investigators
to consider the relevance of unique factors other than
failure modes (e.g., facilitators and setting-specific con-
textual factors) as they decide how to target their imple-
mentation efforts. Opportunities for devising implemen-
tation strategies will depend on the context within which
the research team is operating. For example, the team
may need to decide if it is feasible to address important
high-RPN barriers that occur outside of the healthcare
system, e.g., through partnering with community-based
organizations.



Roseen et al. Implementation Science Communications (2024) 5:110

Step 14: Match implementation strategy to chosen barri-
ers Once a list of priority barriers has been generated,
investigators devise or refine an implementation strategy
targeting these factors. The specificity of such strate-
gies will be highly dependent on contextual features, i.e.,
implementation climate, as well. Thus, decisions about
targeting strategies will be aided by referring back to the
comprehensive narratives from initial process mapping.

This mapping of strategies to known barriers, some-
times termed "implementation mapping,” is an emerg-
ing approach that may lead to more effective or efficient
implementation strategies [75]. For barriers that align to
CFIR constructs, the CFIR-Expert Recommendations for
Implementing Change (ERIC) Strategy Matching Tool
can be used to identify expert-endorsed candidate strat-
egies [76]. Additional approaches can be leveraged to
ensure systematic modification of implementation strat-
egies to better address barriers that are relevant to spe-
cific contexts [77]. If use of these formal implementation
mapping approaches is not feasible, use of less formal
yet structured and established group discussion facili-
tation techniques (e.g., often used for quality improve-
ment) can also be useful [78]. These techniques involve
brainstorming discussions to identify potential strate-
gies that account for multiple perspectives (e.g., includ-
ing individuals involved with the different steps of the
mapped process) and decision-making discussions that
weigh the effort versus impact of potential strategies to
select ones that are reasonable to pursue. Regardless of
which approach is used, the main focus of this step is
to meaningfully incorporate the contextual and experi-
ential knowledge of those impacting or impacted by the
mapped process in devising and refining the strategies.

Case studies

Two cases are detailed in Supplemental File 2 (which
includes Supplemental Table 2) and summarized below
to illustrate how process mapping with FMEA can be
operationalized in implementation research. Our first
case explores referrals by primary care providers (PCPs)
to chiropractic care for patients with low back pain.
While chiropractic care is an evidence-based practice
that is recommended by the American College of Phy-
sicians as first-line care for low back pain, relatively few
PCPs refer their patients with low back pain to chiro-
practic care [79-81]. This study sought to identify bar-
riers to accessing chiropractic care for patients with low
back pain in low-income, racially diverse communities
who often access chiropractic care at the lowest rates
[82, 83]. Our second case involves implementation of a
Family Navigation intervention for children with autism
spectrum disorder. The investigation was embedded in a
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larger randomized controlled trial of Family Navigation,
supporting an overall hybrid type I trial design [84]. Fam-
ily Navigation is an evidence-based practice to improve
access to care. Family Navigation consists of an individ-
ual with “lived experience” providing both logistical and
interpersonal support to families during a time-limited
period of care needs [85].

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 of the four phases of process
mapping with FMEA. For phase 1, formulating a plan,
Case 1 involved four primary care clinics at two safety
net hospitals, including two clinics with embedded chi-
ropractic care and two without. Clinic PCPs, clinic staff,
and chiropractors were invited to participate. For Case 2,
the multidisciplinary research team working with pedi-
atric clinics of the pragmatic clinical trial participated
in the first phase. For phase 2, 1-on-1 interviews were
used in both cases to draft process maps and stakehold-
ers were given the opportunity to review and refine the
map. Of note, these cases differed in their approach to
the conduct of FMEA in the third phase, showcasing
how this methodology can be applied to suit the context
of different teams. For example, in the first case, FMEA
workshops were conducted separately per clinic site and
also engaged stakeholders asynchronously through pre-
recorded video introductions, such that most participants
completed the survey (rating >30 priority barriers) on
their own time. In the second case, the FMEA workshop
was conducted more collectively, including case exam-
ples to practice rating in real time and group consensus
that led to participants rating 7 priority barriers. While
FMEA results for Case 1 are being prepared for publica-
tion, the FMEA analysis results for Case 2 are reported
in detail elsewhere [31]. For development of implementa-
tion strategies in phase 4, the FMEA results from Case
1 will inform a pilot study of an implementation strategy
for increasing adoption of chiropractic care for low back
pain in three primary care clinics (K23-AT010487). For
Case 2, FMEA data were used to design a trial to empiri-
cally test new implementation strategy components [86].
The data have also informed a separate ongoing trial of
family navigator implementation (R34MH120190).

Guidance on reporting

In Table 1 we present REPAIR checklist (which stands for
REporting Process mapping and Analysis for Implemen-
tation Research). Informed by checklists from the EQUA-
TOR Network [87], the REPAIR checklist is a 17-item
checklist aimed to guide future reporting of studies that
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Table 1 Reporting Process mapping and Analysis for Implementation Research (REPAIR)

REPAIR Checklist

Section/topic

Item number Checklist item

Summary of background, purpose, design, setting, participants, methods, results, conclusions

Description of study topic, relevant work in the field, knowledge gap being addressed

Overview of the sequence of steps for both the qualitative (process mapping) and quantitative (FMEA)
approaches; identification of relevant implementation science framework(s) being employed

Note participant consent, attention to psychological safety for participants

Description of data collection instruments guiding the creation of process maps (e.g., interview guides)
Methods for transcribing, organizing, managing, and thematically coding the data
Methods for evaluating themes of the data; rationale for FMEA and RPN scoring strategies

Characteristics of participants and level of engagement with stakeholders

Structural and conceptual characteristics of process maps, quotes from interviews/workshops, integration

Title 1 Identified as using process mapping and/or FMEA in the title
Abstract 2
Introduction
Background 3
Purpose 4 Statement of purpose and question(s) being answered
Methods
Design 5
Participants 6 Sampling strategy, criteria for sampling saturation
Ethical topics relevant 7
to human subjects
Process mapping 8
Data processing 9
Data analysis 10
Results
Participation 11
Process mapping 12
of process map content with chosen framework
FMEA 13 List of select barriers and their FMEA scores
Discussion

Barrier characterization 14
etc)

Interpretation of findings 15

Description of select barriers (e.g., those with high RPN scores, those most relevant to the intervention,

Explanation of how findings provide novel contributions to the field; discussion of generalizability

and application to implementation strategies

Limitations 16
Strengths 17

Sources of bias, imprecision, and/or inaccuracy of methods/findings
Description of novel or strong aspects of the study design, findings, and conclusions

use process mapping with FMEA in implementation
research.

Discussion

Process mapping with FMEA is underutilized in imple-
mentation research. This article proposes dividing the
process mapping and FMEA methodology into four
broad phases with 14 total steps. Application of these
steps in recent or ongoing implementation research is
illustrated using two case studies. While this article is not
intended as a final guide to process mapping with FMEA,
it is, to our knowledge, the first tailored to implementa-
tion research. We acknowledge that this methodology is
commonly used by others (e.g., improvement scientists,
engineers) and encourage interdisciplinary efforts to fur-
ther advance and harmonize guidance for this methodol-
ogy and its reporting standards.

Our first phase, formulating a plan, involves choosing a
study question, a guiding framework, and selecting team
members. Implementation scientists can partner with
local improvement scientists who may already be famil-
iar with process mapping and analysis. Taking advantage

of the potential synergy of these disciplines—along with
their unique skills and resources—is likely to advance this
method and align efforts to achieve a common goal of
improving the patient experience and outcomes [10, 88].
Our second phase, generating process maps, allows for
visualization of process and distinct barriers to imple-
mentation of an evidence-based practice as they occur
over time. Furthermore, this visualization fosters a shared
understanding among different stakeholders regarding
the process being targeted for implementation strategies.
Our third phase, using FMEA to analyze barriers
from the maps, identifies the most important barriers
for a specific context. This is especially relevant when it
comes to issues of practicality and financial burden; it
is crucial to allocate resources towards addressing the
barriers that have been deemed high priority for imple-
mentation. Patient populations in underserved settings
may be different from those in which evidence-based
interventions were originally developed; thus, sup-
porting needs-matched implementation can promote
health equity. There may be situations in which ana-
lytic approaches other than FMEA are appropriate for
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prioritizing the identified barriers. For example, when
there are too many identified barriers, in lieu of survey-
ing stakeholders to condense the number of barriers, the
research team can reduce barriers by using affinity dia-
gramming [89, 90] to collapse similar barriers into one.
Similarly, root cause analyses [67, 91] may help identify
groups of barriers with the same cause. Additionally, if
rating guides are difficult to develop and/or the stake-
holders prefer to seek consensus on which barriers to
prioritize, teams can instead hold consensus-building
discussions [92, 93] regarding how the barriers compare
in terms of the effort it would take to overcome them
and expected impact of overcoming them. To inform
this effort-versus-impact assessment [94, 95], discus-
sions can use the Suppliers-Inputs-Process-Outputs-
Customers (SIPOC) framework [96, 97] to consider who
needs to supply how much input (i.e., effort) to address
each barrier, and which outputs will best serve customers
or stakeholders (i.e., impact). The barriers that have low
expected effort coupled with high expected impact can
then be prioritized.

In the fourth phase, implementation strategies are
developed or refined to address the prioritized barriers.
This stems from the use of thematic coding to finalize
combined maps and FMEA to analyze priority barriers.
Once RPNs have been calculated to reveal the highest
priority barriers, process map data on barrier category
and chronology allow investigators to describe where
and/or when in the process to intervene. This is a timely
contribution to implementation science, as the field
is increasingly focused on understanding how best to
match implementation strategies to specific contexts and
barriers. Even in cases where an implementation strat-
egy has already been selected for use, FMEA results can
inform key modifications to the existing strategy to bet-
ter meet the unique needs of an implementation setting.
Miller and colleagues’ Framework for Reporting Adapta-
tions and Modifications to Evidence-based Implementa-
tion Strategies (FRAME-IS) delineates various aspects
of an implementation strategy to consider when making
such modifications [77]. These include the strategy’s con-
tent, approach to evaluating its performance, associated
training of implementers, and context (e.g., format, setting,
personnel, or population). In considering potential modifi-
cations as indicated by the identified barriers, FRAME-IS
can also provide a structure for documenting each modifi-
cation’s nature, goal, and level (e.g., patient, provider, imple-
menter, organizational, or sociopolitical level), such that
the feasibility and intended impact can be methodically
considered alongside complementary modifications.

Following our guide, we also introduced the REPAIR
checklist for reporting standards of process mapping

Page 11 of 14

with FMEA for implementation research. Despite the
use of process mapping with FMEA in multiple fields
within and outside of healthcare, relevant reporting
guidelines are not well established. While we illustrated
use of the method in implementation research with two
case studies, the utility of this methodology has yet to
be evaluated in implementation research across a wide
variety of clinical interventions and implementation
contexts. Future work should convene experts from
the quality improvement and implementation science
fields to refine this methodology and its reporting, e.g,.
through a multidisciplinary Delphi panel. While the
REPAIR checklist should guide researchers using this
method, further development and consensus is needed
for definitive guidance for reporting findings in peer-
reviewed journals.

While process mapping has its advantages, it may
not always be feasible in terms of the time and train-
ing it requires. This method may become more feasible
when research strategies are aligned with the goals of a
healthcare system, when research funding can support
training, or when investigators partner with quality
improvement teams already familiar with process map-
ping and analysis. Feasibility of detecting or address-
ing barriers is also relevant to consider. If the number
of identified barriers is high, investigators may choose
to prioritize some barriers before FMEA, using meth-
ods described above. Furthermore, it is not yet known
whether the use of process mapping with FMEA nec-
essarily results in more effective implementation of an
evidence-based practice compared to other methods
of identifying barriers (e.g., interviews, focus groups
surveys). However, its advantages of visualization,
incorporation of time, and flexible tailoring to specific
contexts and perspectives have long been embraced for
quality improvement and are thus highly promising for
implementation research. It is our hope that by pro-
viding foundational guidance on process mapping and
FMEA, this paper will promote the field of implementa-
tion science to take up this methodology more broadly,
such that it may be studied more empirically.

Conclusions

Process mapping with FMEA can elucidate barriers
and facilitators to successful implementation of evi-
dence-based clinical interventions. This paper provides
initial guidance to making this approach more system-
atic. Future research should use a consensus-building
approach, such as a Delphi panel, to further delineate
the reporting standards for studies that use process
mapping and analysis with FMEA.
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