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Abstract
Background

Health systems increasingly need to implement complex practice changes such as the routine capture of patient-

reported outcome (PRO) measures. Yet, health systems have met challenges when trying to bring practice change

to scale across systems at large. While implementation science can guide the evaluation of implementation deter-

minants, teams first need tools to systematically understand and compare workflow activities across practice

sites. Structured analysis and design technique (SADT), a system engineering method of workflow modeling,

may offer an opportunity to enhance the scalability of implementation evaluation for complex practice change

like PROs.

Method
We utilized SADT to identify the core workflow activities needed to implement PROs across diverse settings

and goals for use, establishing a generalizable PRO workflow diagram. We then used the PRO workflow dia-

gram to guide implementation monitoring and evaluation for a 1-year pilot implementation of the electronic

Patient Health Questionnaire-9 (ePHQ). The pilot occurred across multiple clinical settings and for two clinical

use cases: depression screening and depression management.

Results
SADT identified five activities central to the use of PROs in clinical care: deploying PRO measures, collecting

PRO data, tracking PRO completion, reviewing PRO results, and documenting PRO data for future use. During

the 1-year pilot, 8,596 patients received the ePHQ for depression screening via the patient portal, of which

1,719 (21%) submitted the ePHQ; 367 patients received the ePHQ for depression management, of which

174 (47%) submitted the ePHQ. We present three case examples of how the SADT PRO workflow diagram

augmented implementation monitoring, tailoring, and evaluation activities.
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Conclusions
Use of a generalizable PRO workflow diagram aided the ability to systematically assess barriers and facilitators to

fidelity and identify needed adaptations. The use of SADToffers an opportunity to align systems science and imple-

mentation science approaches, augmenting the capacity for health systems to advance system-level implementation.

Plain Language Summary: Health systems increasingly need to implement complex practice changes such as the rou-

tine capture of patient-reported outcome (PRO) measures. Yet these system-level changes can be challenging to manage

given the variability in practice sites and implementation context across the system at large. We utilized a systems engin-

eering method—structured analysis and design technique—to develop a generalizable diagram of PRO workflow that cap-

tures five common workflow activities: deploying PRO measures, collecting PRO data, tracking PRO completion,

reviewing PRO results, and documenting PRO data for future use. Next, we used the PRO workflow diagram to guide

our implementation of PROs for depression care in multiple clinics. Our experience showed that use of a standard work-

flow diagram supported our implementation evaluation activities in a systematic way. The use of structured analysis and

design technique may enhance future implementation efforts in complex health settings.
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Introduction
Health systems are increasingly charged with implement-
ing complex practice change across the organization.
Implementation science theories and frameworks can be
instrumental in helping to characterize the role of imple-
mentation context, identify determinants of adoption, and
broadly guide the stages of implementation (e.g., planning,
acting, reflecting, and evaluating) (Nilsen, 2015). Yet in
order to support implementation of practice change at
scale, teams first need an approach to systematically char-
acterize workflow activities across practice sites. Some
methods of systems engineering, such as methods that
produce generalizable workflow diagrams, can fill this
gap as they are rooted in the goal of distilling complex pro-
cesses into simple steps that can be easily defined, repli-
cated, and compared (IEEE Computer Society, 1998;
Marca & McGowan, 1988; Mutic et al., 2010). The
method of structured analysis and design technique
(SADT), for example, has a particular focus on character-
izing the complexity of workflow activities in ways that
can simplify and demystify implementation details
(Mutic et al., 2010; Reid et al., 2005).

In 2005, the National Academy of Engineering and
Institute of Medicine advocated for the widespread appli-
cation of systems engineering methods like SADT to
improve health care delivery (Reid et al., 2005). Similar
to implementation science, systems engineering aims to
address the goal of making sense of the messiness of real-
world practice through the systematic study of how imple-
mentations unfold; however, these fields operate in silos,
utilizing disparate vocabulary, methods, and theory
(Nilsen, 2015). Further, there is a paucity of research dem-
onstrating the use of systems engineering in tandem with
implementation science to guide rigorous implementation
monitoring and evaluation in practice, especially for the

system-level integration of new forms of patient data. An
opportunity exists to align systems engineering and imple-
mentation science methods in ways that enhance our ability
to understand implementation-related outcomes and
address the growing complexity of system-level change.

A critical gap in system-level implementation efforts is
understand workflows across practice sites in meaningful
way. There are many approaches to workflow modeling
(i.e., the iterative process of understanding dynamic interac-
tions of workflow activities and/or workflow changes) and
to workflow documentation (i.e., the generation of a
diagram or other static representations that describes work-
flow activities). These range from traditional process
mapping such as decision diagrams or flow charts, to
sophisticated computer-based simulation such as discrete
event modeling. Each of these approaches can be useful
for different goals but have important trade-offs to consider.
For example, process maps are often used by local imple-
mentation teams to document particular decisions about
which sequence of activities their stakeholders will take to
use an intervention. Process maps are useful for informa-
tional or instructional purposes but are often too detailed
to support systems-level implementation. In contrast, dis-
crete event modeling is a design analysis methodology
that allows system-level stakeholders to understand and
make decisions about the impact on care team performance
and resource requirements when making organization-level
changes. Discrete event modeling however requires specia-
lized software and expertise and is not effective for guiding
implementation processes.

SADT is a relatively simple and accessible systems
engineering method of modeling that may be well-suited
for teams who want to evaluate experiences and outcomes
across complex, system-level implementations (Congram
& Epelman, 1995). SADT modeling expands on and
refines traditional process maps to generate a workflow
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diagram that can support system-level views of common
workflow activities (IEEE Computer Society, 1998;
Marca & McGowan, 1988; Mutic et al., 2010). To do
this, SADT distills multiple process maps for similar work-
flows into a unified diagram of core workflow activities
that can apply across practice sites. SADT diagrams there-
fore reflect the common activities that are essential for
completing the workflow (i.e., the core functions),
without getting mired in the specific details of roles,
modalities, or local constraints (i.e., forms) that may vary
by context in ways that are not important for the system
as a whole to understand. This is not dissimilar to the ter-
minology of “form vs. function” for complex interventions
(Perez Jolles et al., 2019), and SADT can be utilized in the
absence of already-established core functions for a given
intervention.

In 2018, our health system launched an effort to support
expanded integration of patient-reported data for depres-
sion screening and management through the electronic
capture of the Patient Health Questionnaire-9 (i.e., elec-
tronic Patient Health Questionnaire-9 [ePHQ]) in the
patient portal. While there is a growing body of literature
citing the value of patient-reported outcomes (PROs) in
clinical practice, evidence surrounding PRO implementa-
tion experiences and best practice models is limited, par-
ticularly for system-wide implementations (Nelson et al.,
2020; Nordan et al., 2018; Stover et al., 2021). Early in
our planning, we recognized the challenge of documenting
and evaluating workflows for depression screening and
management (two distinct use cases) across 18 primary
care clinics—up to 36 diverse workflows to consider. To
address this challenge, we combined SADT with imple-
mentation science approaches. In this methods article, we
describe our planned effort and learnings, organized
around two phases. In Phase 1, we used SADT to
develop a generalizable workflow diagram for PRO imple-
mentation that could be used systemwide. In Phase 2, we
used the SADT workflow diagram that resulted from
Phase 1 as a tool—in tandem with the Consolidated
Framework for Implementation Research—to guide our
evaluation of the ePHQ pilot implementation, including
activities of implementation monitoring, tailoring and
adaptations, and assessment of barriers and facilitators.

PHASE 1: Development of PROWorkflow
Diagram
Overview of SADT

SADT methods generate core workflow activities
through an inductive process that starts with documenta-
tion of on the ground workflows, such as detailed
process maps. Then, SADT uses a hierarchical aggregation
and decomposition approach to identify and organize the
core workflow activities that are essential and remain
present across the variability of each practice site.

Through aggregation, lower-level workflow activities in
process maps are collapsed under larger activities (i.e.,
core functions). Through decomposition, larger activities
are expanded to ensure they fully encompass lower-level
activities across all contexts. This process is conducted
iteratively, such that a set of core workflow activities are
identified from one process map, then those core work-
flows activities are compared to another process map,
and cyclical processes of aggregation and decomposition
confirms either the fit of core workflow activities or the
need for adjustments. Core workflow activities are suffi-
cient if they are present in all local workflows, encompass
the full breadth of lower-level workflow activities, and are
distinct and mutually exclusive from one another. The
resulting SADT diagram helps teams focus on the core
workflow activities that serve a critical function to accom-
plish the task objective, regardless of implementation
context. Initial SADT diagrams are created with paper
and pencil. As the diagrams are refined during the model-
ing process, a computer version may be developed with
simple drawing programs such as Visio (the method used
by our team) or the graphics tools in Powerpoint.

In addition to core workflow activities, SADT also con-
siders the signals (i.e., inputs and outputs) that communi-
cate the status of an activity, as well as the resources
(i.e., what is needed to perform the activity) and constraints
(i.e., rules or standards that limit the activity) that may
influence activity execution (see Figure 1). Consistent
with SADT principles of aggregation and decomposition,
core workflow activities may involve a collection of lower-
level activities. For example, decomposing the “Collect
PRO questionnaire” activity in Figure 1 might identify
the specific activities performed by the clinical staff as:

1.1 Patient receives email reminder alerting them to PRO
questionnaire (input signal).

1.2 Patient logs in to patient portal and opens PRO
questionnaire.

1.3 Patient completes PRO questions and submits com-
pleted questionnaire.

1.4 Patient portal generates alert for clinical teams that
PRO questionnaire is complete (output signal).

The way each of these lower-level activities are set up
may vary across settings yet still work to achieve the
same function of the core workflow activity, therefore
enabling a systematic view of diverse implementations.

The goal of our first phase was to develop a generaliz-
able PRO workflow diagram that could function as a tem-
plate reflecting the common PRO workflow activities
observed across multiple clinical practice settings. We
launched this inductive process with three primary require-
ments: (1) that the methodology could adequately model
the different levels of complexity and scale across the
many clinical workflows observed; (2) that no special tech-
nology, training or resources was required to use the
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methodology effectively; and (3) that the resulting diagram
could be easily shared and understood by multidisciplinary
stakeholders (e.g., operational leaders, frontline staff).
We considered multiple modeling approaches, including
process mapping and computer-based discrete event simu-
lation, and determined that SADT methods best aligned
with our requirements and overall implementation goals.

Methods for SADT PRO Diagram Development
To develop a generalizable PRO workflow diagram via

SADT, we began by documenting multiple existing work-
flows for PRO collection. First, we conducted participant
observation of four outpatient clinics that were already col-
lecting PRO measures separately from our planned imple-
mentation of the ePHQ. One observer made multiple visits
(n= 3–5) to each clinic, each time observing different areas
of operations (e.g., waiting room, front desk, nursing
station). The observer documented the clinic activities in
a structured log, which included describing the nature of
the activity, the stakeholders involved, the standards and
practices which guided the completion of each activity,
results of the activities (e.g., patient in exam room), and
the time required to accomplish the activity. Observations
were iteratively reviewed by a multidisciplinary team of
systems engineers, biomedical informatics researchers, and
health services researchers, and used to generate a detailed
process map of each clinic’s activities related to PRO data
collection.

With four examples in place, we then compared and con-
trasted process maps across the clinics to identify patterns
and core workflow activities for PRO workflow. Starting
with one process map, we iteratively hid (aggregated) and
expanded (decomposed) workflow activities until we were

able to group and minimize lower-level activities and iden-
tify a set of core workflow activities. We then compared
this set of core workflow activities to the other three
process maps, repeating the iterative process of aggregating
and decomposing workflow details to ensure that the core
workflow activities accurately represented all four process
maps in full. For example, two of our four example clinics
collected PRO measures via paper while the other two col-
lected PRO measures via tablet. By aggregating the lower-
level activities involved in how PRO data collection modal-
ities varied across each example, we could identify that a
common objective of PRO workflow is to collect the PRO
measure. Any further granularity of detail beyond collect
would have started to vary by practice site and therefore
would not have been appropriate for the SADT diagram,
however each practice site consistently had workflow activ-
ities related to collecting the PRO from the patient. These
common elements served as the basis for the PRO workflow
diagram, which provided a standardized template for docu-
menting the variation in operational details of specific imple-
mentations while maintaining a consistent perspective for
their comparison. The draft PROworkflow diagramwas sub-
sequently reviewed with key stakeholders (e.g., frontline
staff, implementation team, information technology [IT]
teams) to validate the accuracy and sufficiency of those
representations. More detailed information about SADT
methods can be reviewed in the Congram and Epelman
(1995) article and Marca and McGowan (1988) textbook.

Description of Resulting PRO Workflow Diagram
Using the SADT modeling process, we identified five

core workflow activities that are considered central to the
use of PROs in clinical care: deploy, collect, track,

Figure 1. Template and example of components Involved in structured analysis and design technique (SADT) diagramming.
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review, and document (see Figure 2). The deploy activity
encompasses the activities to identify when a PRO ques-
tionnaire is needed and send the PRO to the individual
patient. The collect activity comprises the tasks associated
with patient receipt and completion of the PRO question-
naire. The track activity includes the steps the clinical
staff take to monitor the completion status of the deployed
PRO questionnaire, and if necessary, re-deploy the PRO in
an alternate modality. The review activity represents the
steps clinical teams take to access and interpret the PRO
scores with patients. The document activity includes the
steps taken by the clinical team to archive the reviewed
PRO score for future reference or for use by other stake-
holders (e.g., billing or population health teams).

In preparation for our pilot implementation of the ePHQ,
we utilized the PRO workflow diagram to systematically
document PRO workflows for depression screening and

management. Each of the five core workflow activities
represents a critical component of the workflow for PRO
use by clinical teams, and therefore a framework for
guiding implementation monitoring and fidelity across indi-
vidual settings. As is consistent with SADT methods, the
specific sub-steps associated with each core activity varied
by PRO use case (i.e., screening, management) and clinical
setting. For example, in the screening context the deploy
activity was achieved via an automated algorithm in the
electronic medical record that identified when a patient
was due for an ePHQ. Whereas in the depression manage-
ment context, the deploy activity was accomplished via
the sub-steps of provider chart review and manual creation
of a patient message in the patient portal. In some clinics,
tracking ePHQ completion was completed by nursing
staff, whereas in other clinics it was managed by front
desk staff. Table 1 provides definitions and descriptions of

Figure 2. Patient-reported outcome (PRO) workflow diagram.

Table 1. Description of 5 Core Activities in PRO Workflow.

Workflow

activity Definition

Workflow description

Depression screening Depression management

Deploy Delivering the PRO

questionnaire to the

patient

Automated, 7 days before appointment,

based on algorithm of last PHQ completion

date

Manual, clinic staff sends patient

message directly based on clinical

need, pathway criteria, or upcoming

appointment

Collect Patient’s completion of the

PRO questionnaire

Patient receives generic request to complete

the ePHQ2 or ePHQ9 and two reminders

prompts. Patient completes ePHQ in

patient portal or waiting room kiosk.

Patient receives tailored message to

complete ePHQ9 and no reminders.

Patient completes ePHQ in patient

portal.

Track Monitoring the completion

status of PRO

questionnaire by clinical

staff

ePHQ completion status is tracked via

appointment check-in or rooming views of

EHR

ePHQ completion status is tracked via

direct messages to care provider (i.e.,

“in-baskets”)

Review Accessing and viewing the

PRO scores by clinical

teams

Provider reviews ePHQ before or during visit Provider reviews ePHQ when

submitted (either with or without

clinical visit)

Document Archiving the PRO scores for

future use or use by other

stakeholders

Clinic staff or provider saves (i.e., “files”)

ePHQ data to EHR

Clinic staff or provider saves (i.e., “files”)

ePHQ data to EHR

Note. PRO = patient-reported outcome; PHQ = Patient Health Questionnaire; ePHQ9 = electronic Patient Health Questionnaire-9; EHR = electronic

health record.
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each of the five core workflow activities for the contexts of
depression screening and management. The PRO workflow
diagram was used to guide our evaluation of the pilot imple-
mentation, including via the review of process metrics for
each of the five core workflow activities, as is described in
the following section.

PHASE 2: ePHQ Pilot Implementation
Evaluation
Overview of ePHQ Pilot Implementation

We piloted the ePHQ over a 12-month period from
September 2018 through September 2019 across two
contexts of care: depression screening (e.g., preventive
care) and depression management (e.g., chronic care)
(Austin et al., 2020). The depression screening pilot
occurred in one primary care clinic with 16 primary care
providers. Since ePHQ for depression screening was auto-
mated, ePHQs were deployed for all eligible patients (n=
8,596) who were due for an annual depression screen
during the 1-year period. The depression management
pilot occurred across 15 clinics, however, use of the
ePHQ was managed by a centralized population health
team involved in depression care pathway activities. The
ePHQ for depression management was manually deployed
to 367 patients actively engaged in depression care during
the 1-year period. The pilot implementation and evaluation
were led by a multidisciplinary team, including stake-
holders with expertise in clinical care (primary care, psych-
iatry), healthcare operations, IT and informatics, systems
engineering, and health services research. Two representa-
tives from the pilot sites (one representing depression
screening and one representing depression management
workflows) were also included on the implementation
team. Prior to the pilot launch, the implementation team
conducted repeated numbe of trainings with clinical staff

at pilot sites and developed multiple training resources
for frontline staff. Once the pilot launched, the implemen-
tation team met on a bi-weekly basis for 12 months to
assess implementation progress and barriers and regularly
provided feedback to individual clinical staff and/or clin-
ical teams. As barriers arose, the team conducted additional
outreach to frontline staff and system-level leadership
councils, such as Medical Directors, leaders of Ambulatory
Care and IT, and the Patient and Family Advisory Council,
to solicit further input and consensus on needed adaptations
and implementation supports. At the conclusion of the
12-month pilot, the implementation team shared summaries
of pilot data (quantitative, qualitative) with pilot sites and
system-wide stakeholders and engaged in reflexive debriefing
with stakeholders.

Methods for ePHQ Pilot Evaluation
Using an embedded implementation research approach,

our evaluation of the pilot incorporated multiple forms
of quantitative and qualitative data, collected throughout
the 12-month pilot period and reviewed sequentially
(Churruca et al., 2019). Quantitative data, described
below, were analyzed on an ongoing basis to support
implementation monitoring efforts, and then a summative
analysis was done at the end of the pilot. Qualitative
data, also described below, were analyzed after the pilot
implementation was completed and triangulated with
quantitative data via joint displays that showed quantitative
and qualitative data together for each context of ePHQ use
(screening, management) and PRO workflow activity.
Activities were reviewed and approved by the University
of Washington Institutional Review Board, and informed
consent was acquired when appropriate in accordance
with our protocol.

Quantitative Data. Quantitative data sources included
process metrics generated from electronic health records

Table 2. Implementation Monitoring Goals and Example Measures.

Workflow

activity Implementation monitoring goal Example measure

Depression

screening

Depression

management

Deploy Ensure all appropriate patients were receiving the

electronic Patient Health Questionnaire (ePHQ)

for screening or management contexts; monitor

provider adoption of ePHQ tools

Number of clinics

involved

1 15

Number of providers

involved

16 44

Number of ePHQs

deployed

8,596 367

Collect Understand patient use of the ePHQ Number (and rate) of

ePHQs submitted

1,787 (20.8%) 174 (47.4%)

Track Identify patterns in missed ePHQ submissions Mean time to ePHQ

submission

5 days 1 day

Review Characterize frequency of high value

ePHQs received

Prevalence (n (%)) of

suicidal ideation

reported

74 (4.1%) 15 (8.6%)

Document Ensure all ePHQ responses are filed in chart for

future use

Mean rate of ePHQs

documented in chart

62.2% (20%–100%) 66.1% (0%–100%)
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(EHR) data. EHR data documented aspects of ePHQ
deployment and utilization, including the number of
ePHQs deployed per clinic and provider, the number of
ePHQs submitted by patients, time to completion, com-
pleteness of ePHQ responses, and the number of ePHQs
documented within the medical record. Variables were
automatically generated from the EHR in realtime, and
the implementation team analyzed data on a bi-weekly
basis using descriptive statistics. The team generated
reports that visualized data for each bi-weekly timeframe
and the cumulative implementation period over time, as
well as metrics for individual clinics and the combined
sample of clinics. Reporting of process metrics was orga-
nized around the PRO workflow activities generated in
Phase 1, such that data was available for each workflow
activity to support comparison across settings.

Qualitative Data. Qualitative data included detailed
fieldnotes from all implementation team meetings, train-
ings with clinical staff, and meetings with frontline staff
and other stakeholders throughout the pilot. Additionally,
specific requests for technical assistance and resulting
adaptations made in response to clinical staff feedback
were documented via a semistructured implementation
change log. After completion of the pilot, a trained qualita-
tive researcher (EJA) began by reviewing and deductively
coding fieldnotes and free text data from change logs
using directed content analysis. Coding was a priori
guided by constructs of the Consolidated Framework for
Implementation Research (CFIR) so as to identify com-
monalities in implementation determinants across contexts
and support replicability of findings (Damschroder et al.,
2009). Coded excerpts were then grouped by each PRO
workflow diagram activity to ensure barriers and facilita-
tors experienced for each activity were explored. Next,
the evaluation team refined the identified barriers and facil-
itators through iterative review and compared implementa-
tion determinants across each workflow activity (e.g.,
deploy, collect), across each implementation context
(e.g., screening, and management), and across the imple-
mentation overall to identify relationships between deter-
minants and cross-cutting themes. Preliminary summaries
of learnings were shared back with stakeholders involved
in the ePHQ implementation as well as a broader network
of stakeholders involved in PRO implementation for refine-
ment and verification.

Pilot Results and Case Examples
Over the course of the pilot, 8,963 ePHQs were

deployed across 16 clinics (Table 2). On average, 20.8%
of depression screening ePHQs and 47.4% of depression
management ePHQs were submitted by patients prior to
their appointment. Patients took an average of 5 days to
submit their ePHQ for depression screening and 1 day to
submit their ePHQ for depression management. Providers
documented the ePHQs in the medical record 62%–66%
of the time. Qualitative data identified multiple barriers

and facilitators to ePHQ implementation (Table 3) that
align with CFIR constructs, many of which varied
between the screening and management context of use.
Below, we describe three brief case examples of how the
SADT-guided PRO workflow diagram aided activities of
implementation monitoring, tailoring and adaptations,
and assessment of implementation determinants. Of note,
no adjustments were identified for the SADT PRO work-
flow diagram itself during implementation monitoring,
confirming its accuracy and sufficiency.

Case Example 1—Implementation Monitoring.
Implementation monitoring activities involved bi-weekly
review of process metrics generated from the EHR and orga-
nized around the PRO workflow diagram activities. Early in
our implementation monitoring, we identified that the docu-
ment activity, where ePHQ scores are saved within the
medical record for future use, was happening very inconsist-
ently, suggesting low fidelity across providers. We utilized
the strategy of audit and feedback (Powell et al., 2015), pro-
viding individual providers with weekly data that included
the list of their patients that had completed the ePHQ (i.e.,
the ePHQ had been successfully deployed, collected,
tracked and reviewed) and how many of those had not
been documented within the medical record. By focusing
on this single workflow activity, we were able to send
data reports to providers that were brief and easy to
follow. Providers in turn reported feedback to our team
about the barriers they were facing with the documentation
activity. Barriers were cataloged across providers and
compared across the screening and management use
cases. Analysis of barriers revealed that challenges with
the documentation activity were not unique to use case
or setting, but mostly related (1) provider training and
comfort with the EHR and (2) the ways in which individ-
ual providers customized their EHR screens, which often
made the ePHQ scores less visible. As a result, our team
developed additional training tools (e.g., job aid, brief
instructional video) that provided education on both the
documentation activity and recommendations for EHR
screen customization.

Case Example 2—Intervention Tailoring and Adaptations.
Requests for tailoring and adaptations to the ePHQ tools
were documented in a semi-structured change log that was
organized by the PRO workflow diagram. When multiple
adaptation requests emerged for the same workflow activity,
we triangulated feedback from the change log, implementa-
tion monitoring data, and fieldnotes from teammeetings and
debriefs with frontline staff. For example, to increase the
rate of ePHQ collection, stakeholders requested adaptations
related to the frequency and framing of reminder messages
patients received. Specifically, they requested sending mul-
tiple automated reminders to patients in the week leading up
to their clinical visit, and tailoring the language within the
patient portal to frame depression screening as a part of
routine primary care delivery. We detailed the micro-
workflows within the collect activity for the screening and
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management use cases. We then modeled the proposed
adaptations for both use cases and sought feedback from
our implementation team, frontline staff, and Patient and
Family Advisory Council to consider potential unintended

consequences of the proposed adaptations. Suggested refine-
ments included limiting automated reminders to two remin-
ders and ensuring the patient portal language considered the
perspectives of patients with active depression, not just

Table 3. Barriers and Facilitators by Workflow Activity and Implementation Context (With Associated CFIR Constructs).

Workflow

activity

Barriers and facilitators

Depression screening Depression management

Deploy Barriers:
• Clinical teams were unable to trial the

functionality with a more limited scope of

practice given its automated features;

implementation had to be clinic-wide (i.e.,

trialability)
• Use of electronic capture of the PHQ was not

viewed as advantageous compared to current

practice (i.e., relative advantage)
Facilitators:
• [None identified]

Barriers:
• Clinical teams wanted more flexibility to adapt which staff roles

could deploy ePHQs for patients (i.e., adaptability)
Facilitators:
• Use of electronic capture of the PHQ was viewed as advantageous

compared to current practice (i.e., relative advantage)
• Current practice for PHQ capture (e.g., via phone) was time

intensive, fostering strong support for change (i.e., tension for change)

Collect Barriers:
• Patients requested tailored reminders that

explained the purpose of depression screening

for their visit (i.e., design quality and packaging)
Facilitators:
• Adaptations to increase the number of

automated reminders increased ePHQ

submissions (i.e., design quality and packaging)

Barriers:
• Patients requested more flexibility within the ePHQ to tailor how

reporting of suicidal ideation was presented to clinical teams (i.e.,

adaptability)
Facilitators:
• Patient perception that completing the ePHQ ahead of visits

improved quality of visits (i.e., relative advantage)

Track Barriers:
• Clinical teams wanted more flexibility to adapt

which staff roles could track ePHQ completion

status (i.e., adaptability)
Facilitators:
• [None identified]

Barriers:
• Clinical teams wanted more flexibility to adapt which staff roles

could track ePHQ completion status (i.e., adaptability)
Facilitators:
• [None identified]

Review Barriers:
• Receiving alerts for high value ePHQ results

outside of clinical visits (e.g., after hours) did not

align with current provider practice (i.e.,

compatibility)
Facilitators:
• Providing communication and training that

reinforced the value of depression screening for

patient care (i.e., culture)

Barriers:
• Clinical teams were less centralized and had fewer opportunities for

training around reviewing ePHQ results (i.e., networks and
communication)

Facilitators:
• Clinical teams had more experience and comfort with reviewing

PHQ results outside of clinical visits (i.e., compatibility)

Document Barriers:
• The steps to file or save ePHQ scores to the

chart could be completed by multiple staff and

in multiple EHR locations, which created

confusion (i.e., complexity)
Facilitators:
• Providing clinical teams with regular data on

documentation rates enabled process

improvement (i.e., goals and feedback)

Barriers:
• The steps to file or save ePHQ scores to the chart could be

completed by multiple staff and in multiple EHR locations, which

created confusion (i.e., complexity)
Facilitators:
• Providing clinical teams with regular data on documentation rates

enabled process improvement (i.e., goals and feedback)

Note. CFIR = Consolidated Framework for Implementation Research; PHQ = Patient Health Questionnaire; ePHQ = electronic Patient Health

Questionnaire.
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those due for annual screening, as all patients would see the
same language about ePHQ rationale. Modeling helped us
maintain focus on the core function (e.g., to collect the
ePHQ) while also appreciating the variability in workflows
by context of use. Through this, we refined the proposed
adaptations to maintain fidelity for our core objectives and
balanced the needs of multiple stakeholders.

Case Example 3—Assessment of Barriers and
Facilitators. Throughout the implementation we documen-
ted staff-reported barriers to ePHQ use in our fieldnotes
from debriefs with frontline staff and the implementation
change log (e.g., documenting an email exchange between
implementation team members and frontline staff). At the
end of our pilot implementation period, we used these data
to assess staff perspectives on barriers and facilitators to
adoption of the ePHQ using a deductive analysis guided
by the PRO workflow diagram. One theme that emerged
was variable staff perspectives regarding the relative advan-
tage of the ePHQ tool over current practice, which specific-
ally related to the track activity. For teams that were
capturing PHQs by phone prior to the launch of the ePHQ,
the ePHQ offered a clear relative advantage over current
practice as it reduced staff burden, even if ePHQ submissions
needed to be tracked by staff. However, in settings where
workflows for capturing the PHQ on paper were already
well established and efficient, the introduction of another
modality for PHQ capture increased the burden on staff to
track PHQ completion and adjust workflows during clinical
visits. Exploring barriers and facilitators by core workflow
activity provided a perspective on comparison across settings
that allowed us to identify cross-cutting themes and action-
able areas for implementation support.

Discussion
In this work, we sought to leverage a systems engineering
method—SADT—to guide and augment the implementation
process across complex contexts of care delivery. In Phase 1,
we interrogated existing workflows for patent-reported data
collection to identify the common workflow activities and
the basis of an SADT diagram for PRO workflow. In Phase
2, we leveraged the PRO workflow diagram to guide our
evaluation of implementation experiences, barriers, and facil-
itators by context of care delivery. Our experience demon-
strated the value SADT methods can add to largescale
implementation evaluation efforts and provide an example
of how systems engineering and implementation science
methods can mutually augment one another.

Care delivery continues to become more complex, and
therefore the role of implementation science is becoming
both more challenging and more critical (Westbrook
et al., 2007). Health systems and implementation teams
need tools to aid them in fostering implementations that
are adaptive and responsive to the unique contextual
factors of local settings while still enabling a systems-level
perspective on outcomes and best practice learnings

(Sturmberg, 2018). Even further, implementation efforts
need to incorporate a sociotechnical approach to almost
all implementations, regardless of whether technology is
involved in the intervention itself, given the pervasive
role, EHRs play in facilitating care delivery (Sittig &
Singh, 2010; Westbrook et al., 2007). As this example
demonstrates, standardized workflow diagrams can offer
an organizing framework to understand implementation
barriers, balance the needs of multiple stakeholders, and
replicate best practices across clinical settings. Focusing
on the experiences and outcomes from a single implemen-
tation may stymie the ability of complex health systems to
achieve system-level goals for patient engagement and
measurement-based care. The pairing of implementation
science theory with systems engineering methods such as
SADT may offer a compliment that greatly strengthens
our ability to address the increasing complexity of trans-
forming care (Barnes et al., 2021). SADT modeling
offers a relatively simple approach to modeling workflow
that can aid systems-level implementation without the
use of sophisticated technology or technical expertise.
SADT can also lay the foundation for implementation
teams to utilize more sophisticated approaches to simula-
tion modeling and integration of systems science goals.
For example, SADT models can serve as templates for
the development of discrete event simulation models,
which can be used to systemically identify opportunities
to reduce variance in implementation processes.

The learnings from this work reinforce prior studies that
emphasize the importance of understanding the local
context when integrating PROs and other forms of patient-
generated data into care delivery (Lewis et al., 2019; Stover
et al., 2021). In our example, the barriers and facilitators
related to ePHQ use varied largely between the contexts
of depression screening vs. management. These differ-
ences were influenced by the existing practices in place
before implementation, as well as the variation in how
the same PRO measure was used for different clinical con-
texts of care delivery. For health system change, this will
be an increasingly common challenge, as technical
resources such as EHR tools are often limited in scope
and have limited adaptability to accommodate the multiple
uses of a single tool. Implementation within complex adap-
tive systems will need to consider how to design and
implement interventions that simultaneously meet the
needs of multiple users and multiple clinical use cases
(Westbrook et al., 2007). The PRO workflow diagram,
though, aided our ability to navigate these implementation
challenges by providing a framework to systemically
assess and diagnose implementation barriers across con-
texts. This enabled a systems-level view of implementation
experiences and potential unintended consequences of pro-
posed adaptations. Leveraging the PRO workflow diagram
therefore allowed us to more thoughtfully identify imple-
mentation strategies and adaptations while reducing the
risk of unintended consequences on the system overall.
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There are some important limitations to acknowledge for
this work. First, our experience reflects one health system;
while the PRO workflow diagram was intended to be gener-
alizable, other health systems may have important context-
ual differences that influence their implementation
experiences. Second, we leveraged EHR-based reporting
tools to guide our implementation monitoring efforts,
which have some inherent limitations to data breadth and
quality. And third, our methods were iterative and emergent
so as to capture the complexity of real-world practice,
however, this may limit the validity and transferability of
our learnings. In particular, while we are able to report
system-level outcomes for ePHQ use, we continued to
experience high variability in ePHQ workflows across con-
texts of care and practice sites. Future work beyond this pilot
should identify strategies to reduce variation in ways that
further enhance implementation outcomes for ePHQ use.
Lastly, the use of SADT methods may be appropriate for
other interventions that can be reasonably distilled into a
set of common workflow activities, such as other forms of
patient-generated data collection. However, there may be
interventions that are too complex in nature (e.g., too
unstable and/or frequently changing), or may be too
reliant on clinical judgment and/or complex decision-
making to support the application of SADT. Future teams
should consider the unique characteristics of the intervention
they are looking to implement and assess the appropriate-
ness of SADT methods.

In summary, the use of SADT methods aided our
ability to navigate complex workflow and stakeholder per-
spectives, compare fidelity and variation across settings
and users and generate cross-setting implementation learn-
ings. Furthermore, while our pilot was focused on depres-
sion care, there is an opportunity to expand use of the
PRO workflow diagram for other clinical areas and types
of patient-reported or patient-generated heath data. This
example showcases the potential for systems engineering
methods to enhance future implementation efforts in
complex health settings.
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