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Abstract
Background
Our research team partnered with primary care and quality improvement staff in Federally Qualified Community Health Centers (CHCs) to develop Partnered and Equity Data-Driven Implementation (PEDDI) to promote equitable implementation of evidence-based interventions. The current study used a human-centered design methodology to evaluate the usability of PEDDI and generate redesign solutions to address usability issues in the context of a cancer screening intervention.

Methods
We applied the Cognitive Walkthrough for Implementation Strategies (CWIS), a pragmatic assessment method with steps that include group testing with end users to identify and prioritize usability problems. We conducted three facilitated 60-min CWIS sessions with end users (N = 7) from four CHCs that included scenarios and related tasks for implementing a colorectal cancer (CRC) screening intervention. Participants rated the likelihood of completing each task and identified usability issues and generated ideas for redesign solutions during audio-recorded CWIS sessions. Participants completed a pre-post survey of PEDDI usability. Our research team used consensus coding to synthesize usability problems and redesign solutions from transcribed CWIS sessions.

Results
Usability ratings (scale 0–100: higher scores indicating higher usability) of PEDDI averaged 66.3 (SD = 12.4) prior to the CWIS sessions. Scores averaged 77.8 (SD = 9.1) following the three CWIS sessions improving usability ratings from “marginal acceptability” to “acceptable”. Ten usability problems were identified across four PEDDI tasks, comprised of 2–3 types of usability problems per task. CWIS participants suggested redesign solutions that included making data fields for social determinants of health and key background variables for identifying health equity targets mandatory in the electronic health record and using asynchronous communication tools to elicit ideas from staff for adaptations.

Conclusions
Usability ratings indicated PEDDI was in the acceptable range following CWIS sessions. Staff identified usability problems and redesign solutions that provide direction for future improvements in PEDDI. In addition, this study highlights opportunities to use the CWIS methodology to address inequities in the implementation of cancer screening and other clinical innovations in resource-constrained healthcare settings.
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Contributions to the literature

	This article describes the application of an innovative human-centered design methodology to evaluate the usability of an equity-focused implementation strategy in the context of cancer screening.

	Usability problems and redesign solutions were identified by end users who were healthcare professionals from community health centers.

	This study highlights new opportunities to apply the CWIS methodology to advance equity-focused implementation of clinical interventions.





Background
Early detection of cancer saves lives, and it improves treatment options and outcomes and quality of life after treatment [1]. Despite these benefits, cancer screening for colorectal cancer (CRC), lung cancer and female breast and cervical cancers is underused in the United States [2], with lower rates of cancer screening among minoritized racial and ethnic groups, sexual and gender minoritized communities, people living in rural areas, and lower income individuals [3–5]. Barriers to cancer screening include insurance coverage and costs, structural barriers (e.g., lack of transportation, lack of childcare) and cultural barriers (e.g., lack of language services, stigma about screening procedures) [6–10]. Addressing cancer screening inequities in routine clinical practice requires the ability to identify patient groups underserved during implementation of evidence-based cancer screening interventions and adapting outreach and/or interventions to address barriers faced by the identified underserved groups [11, 12].
Most prior research addressing inequities in cancer screening has focused on developing multi-component interventions designed to address barriers for specific populations [13–16]. While this approach to screening development is necessary and important, it may be challenging to integrate numerous different interventions tailored for specific patient populations in resource-constrained healthcare settings such as Federally Qualified Community Health Centers (CHCs). CHCs face many challenges in delivering cancer-preventive care, including workforce shortages and lack of resources [17, 18]. An alternative approach to implementing different multiple-component interventions for specific populations is to implement what works for a broad population, identify performance and outcome gaps in underserved groups, and make adaptations to address these gaps [19, 20].
To advance strategies for equitable implementation of cancer screening interventions, our team partnered with primary care and quality improvement staff at CHCs to develop Partnered and Equity Data-Driven Implementation (PEDDI) [21]. PEDDI is an implementation strategy that involves an external facilitator whose role is to serve as a change agent who provides interactive problem solving and support to an internal team of healthcare professionals responsible for implementing an evidence-based intervention (EBI) [22]. The external facilitator guides the team to obtain and use data collected in routine practice to: (a) identify patient groups experiencing gaps in outreach, use, and/or benefit from an EBI, and (b) rapidly adapt screening outreach and/or the intervention to address identified gaps. PEDDI consists of five steps: (1) plan to obtain data needed to make subgroup comparisons; (2) select variables for comparisons to identify gaps and obtain clinic data; [3] identify gaps and prioritize specific gaps as health equity target(s); [4] identify and plan feasible adaptations to outreach and/or intervention; and [5] conduct rapid cycle testing of the planned adaptations [21]. While PEDDI was developed in the context of a CRC intervention, it is intended to have broader application as an implementation strategy for promoting equitable implementation of EBIs in clinical settings.
We previously conducted a pilot study examining the feasibility of PEDDI in the context of a paired CRC and social needs screening intervention at CHCs [21]. With external facilitation, CHCs obtained and used data to identify gaps in outreach and completion of CRC screening with respect to race/ethnicity, gender, age, and language. Adaptations to improve access and use of the intervention included cultural, linguistic, and health literacy tailoring. CHC teams reported that external facilitation that included systematic review of data were helpful in identifying and prioritizing gaps. None of the four CHCs completed rapid cycle testing of adaptations largely due to competing priorities during the COVID-19 response. After assessing the practicality of PEDDI as an implementation strategy in CHCs, we took the next step of assessing how easy it is for healthcare professionals (i.e. end users) to use PEDDI to reach their goals of equitable implementation through usability testing.
This report describes a second pilot study applying an innovative human-centered design (HCD) methodology to improve the usability of PEDDI building on initial pilot testing [21] as part of iterative implementation strategy development. HCD is an approach applied in many disciplines, including implementation science [23–25], to develop useable and desirable innovations from the perspective of the people and systems in which the innovations will be used [26]. We applied an HCD methodology, Cognitive Walkthrough for Implementation Strategies (CWIS) [25], a pragmatic assessment method developed by implementation researchers that includes group testing with end users to identify and prioritize usability problems. This report describes how the CWIS methodology was applied specifically to address inequities in the implementation of a cancer screening intervention in resource-constrained healthcare settings. We present findings from the usability evaluation and redesign solutions generated by CHC partners. We discuss the implications of the study methods and findings for advancing equity-focused implementation processes and partnerships.

Materials and methods
We conducted this study at the Harvard Implementation Science Center for Cancer Control Equity (ISCCCE), which is funded by the National Cancer Institute as one of seven Implementation Science Centers in Cancer Control nationwide [27]. Harvard ISCCCE, in collaboration with the Massachusetts League of Community Health Centers (MLCHC), has partnerships with a network of 30 CHCs across Massachusetts [28]. With support from the MLCHC, ISCCCE investigators recruited healthcare professionals from CHCs in Massachusetts to participate in a project to improve the usability of PEDDI. The Harvard Longwood Campus IRB and Dartmouth Health Human Research Protection Program IRB independently reviewed the study protocol and determined that the submission was not research as defined by U.S. Department of Health and Human Services regulations.
Participants
We used purposive sampling [29] to invite participants who held roles at CHCs that represented end users of an equity-focused implementation strategy to participate in this study. This included members of primary care teams defined broadly as physicians, nurses, medical assistants, care managers, and community health workers and quality improvement staff. As noted in prior literature [29], the relatively small sample sizes in HCD projects are both a strength and limitation of HCD. Small end user samples can enable in-depth interactions with participants which can lead to rich, detailed feedback with nuanced insights on usability and potential modifications that can be missed with larger sample sizes using methods that prioritize breadth over depth (e.g., surveys with pre-determined questions). We aimed to recruit a small sample of end users to discuss usability issues in-depth. Our research team collaborated with MLCHC leadership to generate a list of potential participants with their contact information. We then sent an email to 14 CHC primary care and quality improvement staff from four CHCs that participated in our prior PEDDI pilot study and five CHCs that were new to PEDDI to participate in the CWIS project with information about the project that included study procedures, anticipated time commitment, and incentives. Eight staff agreed to participate in the study. Seven of the eight staff completed the usability testing sessions, which included four participants from two CHCs that were new to PEDDI and three participants from two CHCs that participated in the initial pilot study. The final sample that participated in group testing included: one Chief Operating Officer; two Directors of Quality Improvement; one Director of Operations; one Population Health Manager; one Quality Improvement Manager; and one Community Health Worker/Medical Interpreter. Participants were compensated with a $50 gift card for participating in each of three 60-min CWIS sessions.

Cognitive Walkthrough for Implementation Strategies (CWIS) methodology
We applied CWIS [25] to improve the usability of PEDDI from the perspective of end users who were healthcare professionals employed at CHCs, building on initial pilot testing as part of iterative implementation strategy development. Cognitive walkthroughs involve walking end users through work (i.e., key tasks) that needs to be done to successfully complete an implementation process and critically evaluating each task to identify aspects that could be challenging to users. As described below, we applied the six steps of the CWIS methodology with minor modifications to reduce complexity: 1) determine necessary strategy pre-conditions; 2) hierarchical task analysis; 3) task prioritization; 4) convert top tasks to testing scenarios; 5) pragmatic group testing with representative users; and 6) usability issue identification and redesign. Applying the CWIS methodology, our research team conducted the CWIS steps through internal meetings and email communication and through a combination of: a) online surveys; b) CWIS sessions; c) document review; and d) email correspondence with CHC participants.
CWIS Step 1: Determine the necessary preconditions for the implementation strategy
The first step in the CWIS methodology is to articulate the preconditions necessary for an implementation strategy to be effective. Preconditions include characteristics of the settings and end users believed to be most appropriate for the implementation strategy [25]. We designed PEDDI to be used in resourced-constrained healthcare settings by teams comprised of both clinical and quality improvement or population health staff who are routinely involved in the planning, implementation, delivery and/or evaluation of evidence-based interventions.

CWIS Step 2: Hierarchical task analysis
The second step in the CWIS methodology involves performing hierarchical task analysis by identifying the behavioral and physical tasks (e.g., making requests, reviewing data) and cognitive tasks (e.g., identifying patient gaps) that comprise the implementation strategy [25]. Three members of our research team (KA, GK, and SB) identified the overall tasks and subtasks in the PEDDI model. We generated the initial list of tasks by discussing: (1) what users need to do in each of the 5 Steps of the PEDDI model; (2) the subtasks required to carry out the associated larger tasks; and (3) what happens before and after completing each of the tasks. The first author refined the task list based on feedback from the research team and presented the refined list to research team members to confirm that all relevant tasks had been identified.

CWIS Step 3: Task prioritization
We prioritized tasks selected for group usability testing among CHC participants based on: (1) the anticipated likelihood that end users might encounter issues or errors when completing a task, and (2) the importance of completing the task correctly for successful implementation [25]. Our research team prioritized the five tasks aligned with the five PEDDI steps and associated subtasks listed on Table 1.
Table 1PEDDI Steps, Tasks and Associated Subtasks


	Overall Steps and Tasks
	Subtasks

	1. Plan to obtain the data needed to make subgroup comparisons
	1a. Identify where the data will come from (e.g., download data from a population health management system linked to an electronic health record)

	1b. Identify how the request for data will be made (e.g., ask CHC information technology team for assistance)

	1c. Identify who on the team will obtain the data and in what time frame (include a plan for follow-up requests and how delays in obtaining the data will be handled)

	2. Select variables for comparisons to identify gaps and obtain clinic data
	2a. Create a list of demographic and other variables known to be associated with gaps in CRC screening using home kits (e.g., social determinants of health)

	2b. Consider completeness and availability of data (e.g., Is the data routinely collected and available?)

	2c. Check for completeness and availability of data (e.g., examine data frequencies)

	2d. Select a subset of variables to define patient subgroups for comparisons

	2e. Use or modify existing template with instructions to organize the data for comparisons or create a new template for your organization

	3. Once data is obtained, identify gaps and prioritize specific gaps as health equity targets
	3a. Review data comparisons to identify gaps in select outcomes (e.g., outreach, reach, return). Decide whether you will address one or more outcomes

	3b. Prioritize one or more gaps as health equity targets based on: 1) organizational priorities that support addressing the gap; and 2) available staff and other resources needed to address the gap

	3c. Identify 1–2 gaps to prioritize for the first round of adaptation and rapid cycle testing

	4. Identify and plan feasible adaptations to outreach and/or intervention to address the gaps prioritized in Step 3
	4a. Brainstorm with your healthcare team possible adaptations to the outreach and/or intervention

	4b. Identify whether adaptations will be made to the: 1) content, 2) training, or 3) other

	4c. Identify the reasons for the adaptation, including the intent or goal of the adaptation and confirm the adaptation is aligned with the goal

	4d. Develop a list of any resources, training, and/or approvals needed to make adaptations

	4e. Develop a protocol for the adaptation and train the team in the adapted outreach and/or intervention

	5. Conduct rapid cycle testing of the planned adaptations
	5a. Determine how you will test the adaptation on a small scale: identify which staff will be involved, assign responsibilities; develop documentation; and develop data collection procedures

	5b. Perform the rapid cycle test. If you are not able to do the test as planned, document any changes you must make in order to perform the test

	5c. Examine the data collected on the adaptation. Determine whether the adaptation was successful, partially successful or not at all successful

	5d. Use the results of the rapid cycle test to decide on your next steps. Determine whether you need to further modify the adaptation and if so, what will the adaptation look like for evaluation in the next testing cycle





CWIS Step 4: Convert tasks to testing scenarios
Step 4 in the CWIS methodology involves generating scenarios that end users are likely to encounter while performing each of the tasks and associated subtasks, which are evaluated during group usability testing [25]. Our team converted the top five tasks and subtasks prioritized in CWIS Step 3 into scenarios for CWIS testing. Each scenario included: (1) a brief written description of the scenario, overall task and subtasks; (2) a script for a facilitator to use when introducing each task and subtasks; and (3) an image that represents the scenario by displaying the task and related subtasks.

CWIS Step 5: Group testing with representative users
Following an orientation to the project and overview of the PEDDI model, participants were asked to complete the Implementation Strategy Usability Scale (ISUS) adapted from the System Usability Scale [30] by CWIS developers [25]. ISUS includes 10-items assessing the overall usability of an implementation strategy on a five-point scale (1 = Strongly Disagree to 5 = Strongly Agree). Example items include: 1. “I think that I would like to use this [implementations strategy] frequently,” and 2. “I found the [implementation strategy] unnecessarily complex." For each of the odd numbered questions, 1 is subtracted from the answer value. For each of the even numbered questions, the answer value is subtracted from 5. The new values are summed to create a total score which is then multiplied by 2.5, with higher scores indicating greater usability. Participants received a $50 incentive for completing ISUS at baseline prior to the CWIS sessions and $50 for completing ISUS post-test following the CWIS sessions.
A facilitator from the research team (first author) with assistance from a study coordinator conducted three online CWIS sessions lasting approximately 60-min each, guiding participants through four scenarios and 17 associated subtasks. Because of time constraints, after presenting scenarios for Steps 1 and 2 of PEDDI we revised our initial plan to present all five scenarios and skipped Step 3 so we could complete usability testing for Steps 4 and 5 since these steps were either partially completed (Step 4) or not completed at all (Step 5) during the initial PEDDI pilot study. After each scenario was presented, participants were asked to rate each of the tasks based on their anticipated likelihood of success of completing the task on a four-point Likert scale (1 = No (very small changes of success); 2 = Probably not (small chance of success); 3 = Probably (probable chance of success); and 4 = Yes (very good chance of success). The facilitator presented the results of the ratings to the group during the sessions. Participants were asked to discuss anticipated usability problems and share any redesign solutions both verbally and on a digital interactive whiteboard that was accessible during the session. Sessions were audio recorded and transcribed so usability problems and redesign solutions could be synthesized by the research team.

CWIS Step 6: Usability issue identification and redesign
Following CWIS methodology [25], our team used a consensus coding approach to identify usability problems noted in the transcriptions from each of the three CWIS sessions. We supplemented transcripts with data recorded from the whiteboard sessions. We used a team based approach to coding the data in which the lead investigator and study coordinator independently coded the transcripts from the three CWIS sessions to identify usability issues and redesign solutions voiced by participants during the sessions [31]. The two coders met to compare coded data, resolve any discrepancies in the coded data, and finalize the list of usability issues and redesign solutions identified in the data. We then created a table that displayed each task in PEDDI and its associated usability issues and redesign solutions. We used a structured approach to member checking [32] that involved sharing the table of usability issues and redesign solutions with participants via email and asking them to share their reactions and thoughts about whether there should be anything added or removed from the table. Three of the seven participants provided written feedback on the content of the table, which was incorporated into the final version. The results of the usability issue identification and redesign solutions are presented below.



Results
Overall strategy usability ratings
Seven participants completed both pre-test and post-test ISUS assessments. ISUS ratings (scale 0–100: higher scores indicating greater usability) at pre-test (prior to the CWIS sessions) ranged from 50.0 to 82.5, with a mean of 66.4 (median 67.5; standard deviation = 12.4). At post-test (following the CWIS sessions), ISUS ratings ranged from 65.0 to 90.0 with a mean of 77.8 (median 77.5; standard deviation = 9.1). Based on descriptors developed for the original System Usability Scale [33], the mean score at pre-test indicates marginal acceptability consistent with a grade of C + while the mean score at post-test indicates usability is acceptable consistent with a grade of B + . For each of the four overall task ratings that occurred during CWIS sessions, participants responded with an anticipated success rating of either 3 = Probably (probable chance of success) or 4 = Yes (a very good chance of success), indicating a high likelihood of anticipated success.

Usability problems and redesign solutions
Consensus coding yielded 10 distinct usability problems across four PEDDI tasks, comprised of 2–3 types of usability problems per task. Table 2 displays each of the usability problems.
Table 2PEDDI Usability Problems and Redesign Solutions


	Steps/Task
	Subtask
	Usability Problem
	Description
	Redesign Solutions

	1. Plan to obtain the data needed to make subgroup comparisons
	Identify where the data will come from (e.g., download data from a population health management system linked to an electronic health record)
	Staff do not know how to use data reporting tools
	• Staff have not been trained or are not proficient in use of available data reporting tools in the electronic health record to generate the subgroup comparisons that will enable them to identify gaps in outreach and/or return of FIT kits
	• Train and/or retrain staff to use the data reporting tools in the electronic health record to generate subgroup comparisons

	Data on patient outreach for CRC is not routinely collected
	• Data on patient outreach is not systematically collected in a way that can be examined in practice
• When data is collected, it does not get saved in the patient’s chart in a way that an analyst could use it to quantify outreach. This would require manual data collection
• There would be burden in understanding why the outreach did not happen
• Having unique data points for outreach for a single clinical measure is a burden when the CHC typically focuses on outreach for multiple measures
	• Create a workflow to systematically track patient outreach activities
• Pull lists of patients for which a FIT was ordered
• Show the team evidence that examining gaps in outreach leads to improved outreach
• Examine outreach overall, not specific to CRC screening

	2. Select variables for comparisons to identify gaps and obtain clinic data
	Consider completeness and availability of data (e.g., Is the data routinely collected and available?)
	Missing data on key variables
	• Social determinants of health data may be missing
• When demographic data is collected it is not always complete
	• Make data fields mandatory in the electronic health record
• Examine patient groups with missing data as their own group
• Find alternatives to asking the front desk staff to collect demographic data and other sensitive information

	Delays in getting data reports
	• Reports needed to identify patient gaps are not always available in a timely manner
	• Use monthly reports on screening completions

	Not feasible to evaluate more than one variable
	• Examining data broken down by race and ethnicity combined, the cells are often too small to be able to see the story
	• Examine broader categories of socioeconomic status or insurance type to capture a larger population
• Examine both broad categories and subgroups at risk within the categories

	4. Identify and plan feasible adaptations to outreach and/or intervention to address the gaps prioritized in Step 3
	Brainstorm with your healthcare team possible adaptations to the outreach and/or intervention
	Difficult to find time for brainstorming with the healthcare team
	• Getting everyone together as a team to brainstorm is difficult
• Iterative brainstorming would not be feasible in most cases
	• Use an existing meeting time for brainstorming
• Form a subgroup to brainstorm on the specific topic
• Elicit ideas and perspectives from key individuals and compile the list of possible adaptations
• Perform root cause analysis to see which adaptation might have the most leverage

	Identify whether adaptations will be made to the: 1) content, 2) training, or 3) other
	Difficult to adapt strategies for a subpopulation
	• Applying the same adapted outreach and/or intervention to an entire subpopulation may not be practical when clinicians are focused on tailoring care to the individual in front of them
	• Provide clarity on the goal of the adaptation

	Develop a list of resources, training, and/or approvals needed to make adaptations
	Ideas for improvement can exceed resources
	• Ideas generated during brainstorming sessions can exceed the scope of available resources
	• Use a facilitator who can keep solutions within the project scope and available resources
• Identify trainings planned for other purposes and leverage those trainings for the project

	5. Conduct rapid cycle testing of the planned adaptations
	Determine how to test the adaptation on a small scale: identify which staff will be involved, assign responsibilities; develop documentation; develop data collection procedures
	Barriers to performing rapid cycle testing
	• Numerous barriers can get in the way of performing rapid cycle testing, including workforce shortages and competing demands
	• Start with one team, make adaptations, if successful then develop training materials and rollout to the center

	Examine the data collected on the adaptation. Determine whether the adaptation was successful, partially successful or not at all successful
	Risk of losing momentum during adaptation process
	• There is a risk of losing momentum among the team if the adaptations don’t have impact and it's not apparent what change you could make to try again
	• Qualitative feedback about how it went can help keep the team on track, interested, and engaged
• Data on proximal indicators can help keep the team on track and moving forward




Within the overall task of selecting variables for comparisons, the subtask “consider completeness and availability of data” had several usability problems, including missing data on key variables needed to make subgroup comparisons that will enable the healthcare team to identify gaps in outreach and/or return of the fecal immunochemical test FIT kit. As one CHC participant noted on the digital whiteboard, “Demographic data is collected but it is not always comprehensive. We made a few fields mandatory in the [EHR] for new patients moving forward.” Another participant shared that the CHC had initiated a quality improvement project to improve data collection: “We started a pilot project where a lot of the information on [demographic and social determinants of health] is going to be collected. We literally have a pink sheet that the information could be collected on because part of the what we noticed is that getting that information from the front desk itself is a privacy issue. So, we are trying to see if there is another avenue of getting that information.”
Within the overall task of adapting CRC screening outreach and/or intervention to address identified gaps, the subtasks with usability problems included: (1) brainstorming possible adaptations; (2) identifying whether adaptations will be made to the: a) content; b) training, or c) other; and (3) developing a list of resources, training, and/or approvals needed to make adaptations. Participants identified challenges with iterative brainstorming sessions and suggested that understanding the reasons for the gap can help with efficient selection of adaptations. As one participant commented: “I would think [brainstorming] would be one time. If you try an intervention and it doesn't work, you might go back. But we wouldn't spend multiple brainstorming sessions before picking an intervention. One thing that we do with a more complex problem is, sometimes it's really hard to know which one of these potential adaptations to pick, and so we do try to do a little bit of what we would call root cause work to see where we might have the most leverage. To make a change, and that would also be a brainstorming thing, like what are all the factors contributing to the barrier.”
Another participant commented that agreeing on the scope of adaptations can be a challenge that a meeting facilitator could help with: “In brainstorming, a lot of the ideas (and I'm biased in this) that come out are “Oh, we need a report that shows us this” or “We need our EHR to do that” or “We need another person whose sole job it is to do this.” I think a lot of that starts at the brainstorming session and it's helpful if there's a facilitator or someone to sort of say “OK, well the scope of this project is not to create new hire. We're not going be able to create a new position. We don't have time to implement a new tool in the EHR. What is in the framework of our scope. What can we do?”.


Discussion
The current study applied a novel HCD methodology (CWIS) to evaluate the usability of PEDDI as a strategy to promote equitable implementation of a CRC screening intervention and generate redesign solutions to address the identified usability issues with healthcare partners. The results of this study highlight new opportunities to use the CWIS methodology to specifically address inequities in the implementation of innovations in resource-constrained healthcare settings. Participant usability ratings of PEDDI improved from “marginal acceptability” to “acceptable” following three CWIS sessions. PEDDI usability problems included missing data on key variables needed to make subgroup comparisons that enable the healthcare team to identify gaps in outreach and/or return of the cancer screening intervention; impracticality of holding iterative brainstorming sessions to identify adaptations; and lack of skills, training and capacity to perform rapid cycle testing.
CWIS participants suggested redesign solutions that included making data fields for social determinants of health and key background variables for identifying health equity targets mandatory in the electronic health record (EHR) and using asynchronous communication tools to elicit ideas from staff for adaptations. CHC participants also identified barriers to rapid cycle testing in the CHC context, including workforce shortages and competing demands with other quality improvement activities. These are important findings as adaptations and rapid cycle testing methods have been identified as critical strategies for advancing health equity in implementation science [34–36]. In the section below, we discuss key findings and implications for PEDDI redesign and future research. We also discuss new opportunities to apply the CWIS methodology to advance equity-focused implementation processes and partnerships.
Participants reported that data on patient outreach is not routinely collected in practice and when data is collected, it is not saved in the patient’s chart in a way that an analyst could quantify outreach. This creates a significant barrier to obtaining data to identify gaps in outreach for cancer screening. As a redesign solution, participants suggested creating a workflow to systematically track patient outreach. One promising way to implement this solution is to use patient portal messaging to send and automatically track outreach messages for cancer screening. In a randomized quality improvement trial conducted at a large, integrated academic health system, implementation of electronic patient portal messaging before mailing FIT kits led to a significant increase in CRC screening and improvement in the time to completion [37]. Socio-demographic disparities in patient portal access and use may impede EHR portals as an effective method for patient messaging and tracking outreach in CHCs, particularly among underserved groups [38, 39]. To address this barrier, we recommend PEDDI facilitators partner with healthcare teams to provide training and support for using the patient portal and tailoring messages toward patient groups experiencing inequities as suggested in a review of studies on optimal patient portal use [40]. Apart from the EHR, developing tracking systems for staff who conduct outreach and integrating the tracking into the workflow may facilitate more systematic tracking of outreach.
Within the overall task of selecting variables for comparisons, the subtask “consider completeness and availability of data” had several usability problems, including missing data on key variables needed to make subgroup comparisons that will enable the healthcare team to identify gaps in outreach and/or return of the FIT kit. The concept of completeness of EHR data relates to whether or not the data are actually present [41]. A recent systematic review of the quality of social determinants of health data in the EHR reported studies showing that incomplete data led to validity issues when data were not missing at random [42]. Efforts to improve demographic and social determinants of health data collection have been reported in the research literature [43, 44]. In a study of initiating and implementing social determinants of health data collection in 8 CHCs [45], healthcare staff and professionals reported that having a staff member who advocated for the adoption of EHR-based social determinants of health screening, provided suggestions for workflow, and promoted uptake of screening by clinic staff facilitated effective integration of EHR-based screening. Future versions of PEDDI should identify and train a data collection champion who can promote data collection for key demographic and social determinants of health data needed to identify health equity targets.
Participants identified barriers to performing adaptation brainstorming sessions with busy frontline providers and staff to address gaps in cancer screening outreach and intervention. This is a significant usability problem for PEDDI as adapting EBIs to address inequities is a critical component of equitable implementation science [46]. To date, the implementation research literature has focused on developing pragmatic methods for documenting and tracking adaptations [47, 48] with less attention given to methods for including healthcare partners in identifying and selecting feasible, acceptable and appropriate adaptations. Participants suggested using asynchronous communication tools (e.g. email, electronic health records) to elicit ideas for potential adaptations from CHC team members. Asynchronous communication tools are commonly used in clinical settings [49, 50] and could be leveraged to facilitate brainstorming and decision-making regarding outreach and intervention adaptations.
The PEDDI process involves conducting Plan-Do-Study-Act (PDSA) cycles to iteratively test planned adaptations on a small scale. Rapid cycle testing (including PDSAs) is a tool used in both improvement practice and implementation science to make small, deliberate changes and evaluate whether the changes lead to improvements [51, 52]. Participants identified lack of staff skills, training and capacity to perform rapid cycle testing beyond key members of the QI team as a barrier to applying PDSA cycles to evaluate adaptations to cancer screening outreach and intervention. As others have noted [53, 54], the skills, knowledge, resources and support required to conduct rigorous and effective PDSA cycles in healthcare settings are often underestimated. As an alternative approach to PDSAs, future iterations of PEDDI should include more pragmatic and feasible approaches to conducting rapid cycle evaluation that can be used in resource-constrained healthcare settings to generate actionable results related to adaptations. A recent workshop on advancing rapid cycle research in cancer care delivery convened by the National Cancer Institute [34] emphasized the importance of identifying pragmatic ways to conduct rapid cycle testing in settings that may require additional resources.
By applying the CWIS methodology, our team partnered with end users from primary care and quality improvement teams in CHCs to identify usability problems with PEDDI tasks and generate redesign solutions. There are many examples in the implementation science literature of implementation challenges [55], with factors that include lack of staff awareness and difficulty accessing critical information needed for successful implementation [56]. Such issues may be addressed by using HCD techniques, such as CWIS, with implementation partners to enhance strategy usability prior to implementation. CWIS may be particularly important for evaluating the usability of new implementation strategies in resource-constrained healthcare settings where there is a timely need to fit innovations into context. Adapting Strategies to Promote Implementation Reach and Equity (ASPIRE) [57] is a process that guides the user to evaluate assumptions underlying an implementation strategy and potential of an implementation strategy to widen disparities and then adapt the implementation strategy to ensure equity is considered. Future research could apply CWIS methodology within an ASPIRE framework to evaluate the extent to which components of implementation strategies (e.g., adaptation and rapid cycle testing) are feasible and acceptable to end users.

Limitations
The current application of the CWIS methodology to evaluate the usability of PEDDI has a number of limitations that should be considered when interpreting the study results. First, CWIS sessions included seven end users and the clinical setting was limited to CHCs. While multiple end user groups (e.g., clinical, administrative, leadership) from primary care teams and quality improvement were represented in this study, the perceived usability of PEDDI tasks may vary depending on available resources and other contextual factors related to the clinical setting. Plans for future research on PEDDI include evaluating the implementation strategy with additional end users across multiple CHCs. Second, participants did not actually complete the PEDDI tasks during the CWIS sessions, which may have produced different results. Three of the seven participants had participated in the previous feasibility study of PEDDI which may have influenced user satisfaction and confidence with task completion in the current usability study. Third, the project was limited to three 60-min sessions in which to complete PEDDI task ratings, identify usability problems, and generate redesign solutions. Redesign solutions were not generated for PEDDI Step 3. It is possible that additional redesign solutions would have been generated in additional sessions. Fourth, CHC participants completed post-test usability ratings of a version of PEDDI that did not explicitly incorporate the re-design solutions generated during CWIS sessions. It is possible that participants found PEDDI to be more usable at post-test because they were engaged in the process of critically evaluating the usability of each major task and sharing thoughts about possible redesign solutions. Finally, the current application of the PEDDI process was limited to partnering with an internal implementation team consisting of healthcare professionals. Future versions of PEDDI aimed at developing and implementing equity-focused adaptations will also include “end-users” consisting of patients and family members embracing community-engaged participatory methods in co-designing implementation strategies [58, 59].

Conclusions
Implementation strategies hold promise for advancing health equity for cancer prevention by addressing inequities in cancer screening initiatives. As an implementation strategy, PEDDI supports implementation of evidence-based cancer screening interventions and systematically identifies and addresses gaps in outreach and intervention use and benefit among underserved groups. The current project used a novel HCD methodology to evaluate the usability of PEDDI to promote equitable implementation of CRC screening. CWIS usability ratings indicated the PEDDI protocol was in the acceptable range following the CWIS sessions. The usability issues and redesign solutions generated by representative users provide direction for future improvements in the usability of PEDDI, including improving data collection on patient outreach, streamlining the process for selecting and evaluating adaptations to cancer screening outreach and/or intervention, and for conducting rapid tests of change in resource-constrained healthcare settings. Finally, the enhanced usability of PEDDI sets the stage for future uses of the CWIS methodology and the PEDDI implementation strategy for other equity-focused implementation processes, health conditions, healthcare contexts, and partnerships.
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