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Additional File 2. Study design options for assessing adaptation impact

	Study Design
	Advantages
	Key Considerations and Challenges
	Examples

	Experimental Studies: Studies in which a study team deliberately introduces an intervention to observe its effects1. 

	Randomized Controlled Trials (RCT). RCT is a study design used to determine the causal effect of an intervention and/or implementation strategy on pre- determined outcomes. Participants or groups are assigned to receive the intervention (or strategy) or a comparator condition by a random process such as the generation of a random sequence of numbers.1,2

	· RCTs can be used to test the effect of planned adaptations to an intervention and/or an implementation strategy. 
· The use of a randomized design attempts to maximize internal validity (or the ability to draw causal inference) by balancing measured and unmeasured differences between experimental and a comparator to enhance the ability to determine the effect of an adapted intervention or strategy on outcome(s). 
· Comparators used in health related behavioral interventions include: a) no treatment or waitlist (often referred to as control condition); and b) usual care; optimized standard of care; alternative intervention; and alternative modality (often referred to as comparison condition).3
	· In many RCT designs, adaptations will need to be planned a priori and remain static in the RCT.
· Adaptations are often tested as a whole package; performance of individual adapted components may be unknown.
· If using a parallel RCT design, there may be resistance to or ethical issues to take into consideration when delivering adapted interventions and/or strategies to one experimental condition and not the comparator condition. Wait-list control RCTs, in which the intervention or strategy is delivered to those in the comparator condition after the trial has formally ended, may help mitigate some of these hesitations. 
	Intervention: Researchers partnered with patients, families, and providers to plan adaptations to an evidence-based intervention guided by an implementation science framework. The study team then conducted an RCT to evaluate the effectiveness of the adapted intervention on patient-level health outcomes compared to usual care.  This example of an RCT used to study the impact of adaptations is based on a study by Rosas and colleagues.4



	Types of RCTs: Pragmatic RCTs; Parallel Cluster RCTs; Stepped-Wedge Cluster RCTs; Randomized Rollout Implementation Optimization (ROIO) Design

	Pragmatic RCTs. A type of RCT that is designed with the purpose and intent of answering questions that are of practical utility to partners and can generalize to the conditions under which the intervention and/or strategy would be received in usual care. Pragmatic RCTs are designed in a way to maximize external validity and enhance generalizability while maintaining strong internal validity through randomization to condition.5-7

	· Pragmatic RCTs allow for flexibility in the delivery of the intervention or strategy similar to the flexibility in usual care.
· Participants in the trial should be similar to patients who would receive the intervention if it were part of usual care.
· Clinicians delivering the intervention should be similar to the clinicians who would deliver the intervention or receive the implementation strategy in usual care.
· The RCT setting is similar to usual care settings where an adapted intervention or strategy would be implemented.
	· A pragmatic RCT often investigates a general approach to treatment rather than focusing on high fidelity to intervention or strategy delivery which can be both an advantage and a challenge when assessing the impact of planned adaptations on outcomes.  Poor delivery (low fidelity) of an adapted intervention or strategy can negatively impact trial validity.
· Follow-up data collection should be unobtrusive, often relying on electronic health records. This may limit a study team’s ability to collect multi-level contextual and process data that can inform an understanding of the impact of adaptations on outcomes.
	Implementation Strategy:  Researchers conducted a pragmatic RCT comparing commonly used quality improvement strategies for supporting the implementation of an intervention in routine clinical practice settings. The trial was conducted at community health centers that shared a single, fully integrated, centrally hosted electronic health record. In addition, qualitative data collected and analyzed during the trial informed real time adaptations of the implementation support strategies. The outcomes of interest were clinical level results, categorized using the Reach, Effectiveness, Adoption, Implementation, Maintenance (RE-AIM) framework.  This example of a pragmatic RCT is based on a study by Gold and colleagues.8 

	Parallel Cluster RCT (CRTs). In CRTs, groups or clusters (e.g., hospitals, clinics, public health organizations) are randomized to study conditions, and observations are taken on the members of those groups (e.g., leaders, providers, patients, clients) with no-cross over of groups or clusters to a different condition or study arm during the trial.9,10
	· CRTs are an ideal comparative design when the study team wants to evaluate an adapted intervention and/or strategy that operates at a group level; manipulates or adapts the context (e.g., social or physical environment); or cannot be delivered to individual participants without substantial risk of between-group contamination.
	· When the number of groups available for randomization in a CRT is limited (small), there is a greater risk that potentially confounding variables will be unevenly distributed among the study conditions, which can threaten internal validity of the trial.
	Implementation Strategy: Researchers planned adaptations to the way an implementation strategy was delivered.  The research team then conducted a CRT in a large sample of behavioral health organizations to evaluate the impact of the adapted implementation strategy compared to a comparison condition on patient-level and implementation outcomes. This example of a CRT is based on a study by Bartels and colleagues.11

	Stepped-Wedge Cluster RCT (SW-CRT). The SW-CRT is a study design that involves randomly assigned and sequential crossover of groups of clusters at regular intervals (“steps”) from an initial control period to the intervention until all clusters are exposed.12

	· All clusters eventually receive the adapted intervention or strategy.
· Each cluster contributes observations under both control and intervention or strategy periods.
· SW-CRTs do not implement the adapted intervention or strategy at all sites at once as staggered implementation can happen over time (logistical convenience).
	· Threats to internal validity include fidelity losses to adapted intervention or strategy, particularly if adaptations are not guided and monitored throughout the trial.
· Data collection burden can be high if collecting data on adaptations cannot be automated or use existing resources.
· Some clusters may not be able to follow the randomization schedule which may pose logistical challenges.
	Intervention: Researchers conducted a SW-CRT of an adapted intervention. The study involved nine teams randomly allocated (3 at a time) to different start dates 9 months apart. Data were collected at the cluster (clinics) and individual levels (service users) at baseline before randomization and at 9, 18, and 27 months post-randomization. Study results showed no statistically significant differences in individual-level outcomes between the intervention and the control arms. The study team concluded that additional adaptations to the intervention may be required to increase the impact of the intervention. This example of an SW-CRT is based on a study by Palmer and colleagues.13

	Randomized Rollout Implementation Optimization Design (ROIO).  The ROIO is the same design as the SW-CRT where clusters of units (e.g., clinics) begin in a control group and then cross over into the intervention group at different time points and then continue with the intervention until the end of the study. However, in contrast to a SW-CRT, a ROIO design explicitly aims for iterative improvement in the intervention and/or implementation strategy between steps by adapting the strategy between clusters at each successive rollout.14,15
	· Builds upon the SW-CRT design in which all settings receive the implementation strategy by adding the feature that in later units the implementation strategy(ies) are purposely intended to be improved based on results from prior waves.
· Potential to be highly acceptable to partners because each cluster will receive the intervention or strategy and the design allows for iterative refinement to improve the implementation strategies after each rollout.
	· As with SW-CRTs, ROIO require repeated assessment of outcomes at different levels across the trial period, making these designs most suited for outcomes that can be assessed using routinely collected data or frequently collected data.
	Implementation Strategy:  Researchers used a ROIO to implement and evaluate a multi-level and multi-component implementation strategy bundle that included strategies prioritized by community partners. Refinements to the implementation strategy bundle were made prior to each new roll-out based on information collected from the prior roll-out. Quantitative data were used to measure the impact of the implementation strategy bundle while qualitative data were used to summarize implementation experiences and identify necessary adaptations to the bundle prior to subsequent roll-outs. This example is based on a ROIO study protocol published by Stadnick and colleagues.16

	Types of RCTs:  Adaptive research designs allow study teams to assess the effectiveness of individual intervention and implementation strategy components at prespecified interim time points during a trial and adapt interventions and strategies based on these observations.17

	Adaptive RCTs. In adaptive RCTs, outcomes are observed and analyzed at prespecified interim time points and adaptations to interventions and implementation strategies can be made based on these observations.17,18


	· Pre-specified decision rules dictate whether, how, and when to adapt the dosage, type, or delivery of interventions or strategies.
· Participant characteristics (including prior response to treatment) are used in making decisions about adapted interventions or strategies.
· The intervention or strategy is adaptive or dynamic or tailored because it responds to a person’s evolving characteristics.
	· Some interventions or strategies are less ideal for sequential testing and some interventions or strategies cannot be applied sequentially.
· In some cases, an initial ‘failure’ makes it highly unlikely the setting will engage in any later adaptations.
· There may be insufficient empirical or theoretical basis for planning adaptations.
	Intervention: Researchers conducted a two-stage adaptive intervention trial in which all participants received an initial phase of treatment. At the end of the treatment period, proximal outcomes were assessed. Complete treatment responders continued with the original treatment while incomplete treatment responders received an augmented version of the original treatment. This example of an adaptive RCT is based on a study by Davis and colleagues.19

	Sequential Multiple Assignment Randomized Trial (SMART). Sequential Multiple Assignment Randomized Trial (SMART) is a randomized experimental design used to build optimal time varying adaptive interventions whereby treatment is adapted and readapted over time in response to the specific needs of an individual or setting.20-22 The SMART multi-stage design enables researchers to modify the dose, type, or delivery of interventions and strategies based on prespecified decision rules. Participants are randomized to different interventions or strategies at each stage depending on response to previous stage.
	· SMART designs allow study teams to assess the effect of adaptive approaches and to examine specific adaptations to interventions and/or strategies.
· Useful when there is insufficient evidence or theoretical basis to assemble an adaptive intervention or strategy.
· Enables researchers to take into account the order in which adaptations are presented rather than considering each adapted component in isolation.

	· Key considerations in SMART include the need to decide how to assess early response/non-response and what criterion or cut-off should be used, what measure to use to determine response/non-response, and whether the measurement would be feasible to use in real world practice settings.
	Implementation Strategy: Researchers conducted a cluster randomized SMART trial comparing adaptive implementation strategies that begin with a standard or enhanced implementation strategy to improve EBP use and patient outcomes. Community-based outpatient clinics that did not respond to an evidence-based implementation strategy were randomized to receive additional support that included expertise in adapting the EBP in routine practice. This study will help determine the added value of more intensive implementation strategies within sites that need additional support to promote the uptake of EBP. This example is based on a SMART trial conducted by Kilbourne and colleagues.23 

	Multi-phase Optimization Strategy (MOST). MOST is a framework that incorporates the standard RCT, but before the RCT is undertaken MOST includes a method for identifying which components are active in an intervention or strategy, and which doses of each component lead to the best outcomes. After selecting active components of an intervention/strategy and identifying optimal doses in the screening and refining phases of MOST, respectively, the optimized intervention and/or strategy package is evaluated in an RCT.20,24 

	· Applied with the objective of planning and optimizing an intervention or strategy before an RCT, often involves adaptation.
· Applied to adapt intervention or strategy to local context by setting optimization objectives (e.g. identifying active components, optimal dose and most cost-effective combination of factors) tailored to context.

	· Each adapted intervention or strategy component may have a small effect size and therefore, may limit the ability to draw valid inferences based on individual components of an intervention or strategy. 
· Results of the optimization phase may not generalize to other settings because of differences in optimization objectives.

	Implementation Strategy: A research team developed a study protocol to use the MOST framework to optimize and evaluate delivery strategies for a complex, multi-component evidence-based intervention. The team plans to use a multifactorial design to conduct a randomized factorial experiment of specific intervention delivery components. The team will estimate the impact of the delivery strategies on service and implementation outcomes, and perform exploratory analyses regarding interactions between delivery conditions and interactions with patient characteristics. The team will then evaluate the data to develop an optimized model of intervention delivery. This example is based on a study protocol by Broder-Fingert and colleagues.25 

	Quasi-Experimental Studies: Quasi-experimental designs test causal hypothesis without random assignment to an intervention by using a comparison group or time period that reflect a counter-factual (i.e., outcomes if the intervention had not been implemented).2

	Interrupted Time Series (ITS) Design. An ITS design involves a collection of outcome data at multiple time points before and after an intervention/strategy is introduced at a given time point at multiple sites. The pre-intervention and/or strategy outcome data are used to establish a trend (i.e., counterfactual scenario) to which any change in outcome level or trend in the post-intervention period is attributed to the intervention/strategy.26
	· Advantage of an ITS design is that it can use data that are routinely collected on intervention or strategy adaptations with limited research burden.

	· ITS require a clear differentiation of the pre-intervention period and the post-intervention period.
· Requires a large number of observations both before and after an adaptation to permit assessment of the level and slope of the outcome data.
· ITS works best with short-term or proximal outcomes that are expected to change relatively quickly after an intervention/strategy is implemented or after a defined lag.

	Intervention: Researchers used an ITS design to evaluate individual-level outcomes following the introduction of an adapted evidence-based intervention. The approach estimated what the outcomes would have been without the adapted intervention during a multi-year follow-up. The projection was based on the pattern of outcomes during a multi-year baseline period before the intervention was introduced. The difference between actual and projected outcomes provided an estimate of the impact of the adapted intervention. This example of an ITS is based on a study by Bloom and colleagues.27

	Natural experiments (NEs). In NEs, the researcher does not control assignment to an intervention/strategy. NEs leverage the naturally occurring variation in exposure to estimate the impact of an event on outcomes of interest.  NEs are often used as a study design when purposeful experimentation by the research team is not possible, such as when an exposure of interest cannot be practically or ethically assigned to research subjects.28 
	· Ability to evaluate the introduction of interventions or strategies as they occur under real-world conditions.
· When data already exist to evaluate a NE, researchers can generate timely evidence about the impact of an intervention or strategy.
· Knowledge of the assignment process enables confounding due to selective exposure to be addressed.
	· A key consideration in NE are the sources of variation in exposure and the expected effects. Intervention or strategies that are introduced abruptly, that affect large populations, and that are implemented where it is difficult for individuals to manipulate their exposure status are optimal for evaluation.
· More complicated NE research designs may be needed where effects are smaller or more gradual.
· Bias due to unmeasured confounding is a concern in NEs because of selective exposure to the intervention or strategy, although use of an instrumental variable can help mitigate some concerns.
· Identifying adequate controls (unexposed groups) may be challenging.
	Implementation: Researchers evaluated the impact of changes to an implementations strategy for school-based body mass index screening on weight status for public school students. The natural experiment involved all school districts in a large state conducting annual BMI screening with optional parental notification of screening results. While rates of BMI screening increased over time, parental notification had no impact on subsequent BMI scores. The authors concluded that parental notification in its current form needed to be improved to have an impact on pediatric obesity. This example of a natural experiment is based on a study by Madsen.29


	Pre-Post Design. Data are collected before an intervention and/or strategy is introduced (“pre” or baseline), and then compared to data collected after exposure to the intervention or strategy (“post” or outcome). A control or comparison group can be added that are not exposed to the intervention or strategy.30 Versions of the pre-post design include comparisons before-and-after intervention or strategy exposure (i.e., pre-post within group) or comparison between groups if a control or comparison group is included (i.e., pre-post between groups). 

	· Strength of temporality (before-and-after) to be able to suggest the outcome is influenced by the adaptation.
· Especially useful for pilot testing an adapted intervention or strategy to identify areas that need refining prior to a larger-scale study.
· Useful design when there are large-scale adaptations (e.g., changes to regulations or policies occurring across different settings).
· Used when randomization not possible.
	· Lack of control over elements that are changing at the same time as the adapted intervention or strategy is being implemented in a pre-post design without a control condition.
· Value increased when there are multiple use cases in each category and results are replicated across settings.





	Intervention and Implementation Strategy: Researchers adapted an in-person intervention to be delivered remotely and added instructional coaching for providers implementing the intervention. The research team assessed the feasibility and acceptability of the intervention and implementation strategy and participant behaviors in a single arm pre-post study. The research team and their community partners used the results to make refinements to the intervention and implementation strategy prior to conducting a randomized pilot trial. This example of a pre-post design is based on a study by Wu and colleagues.31

	Observational Studies: A typed of study in which individuals are observed or outcomes are measured and no attempt is made by researchers to affect the outcome.32

	Cross-sectional Studies. Cross-sectional studies are observational studies that analyze data from a population at a single point in time on both exposure and outcome.33 
	· Cross-sectional studies can be used to describe planned and unplanned adaptations made to an intervention and/or strategy. 
· Can be quickly and efficiently added to an existing study to document and characterize adaptations.
· Allows researchers to examine associations between adaptations and outcomes that can then be more rigorously tested in another design.
· Provides information about the relationship between fidelity and adaptation that can be useful for future implementation research and practice.

	· Cross-sectional studies do not distinguish between cause and effect.  They cannot be used to determine if an adaptation causes an outcome, only if the adaptation is associated with outcomes.
· Confounding may occur in analytical cross-sectional studies when another variable is associated with the exposure (i.e., adaptation) and influences the outcome. 
	Intervention: Researchers measured and evaluated adaptations in the maintenance phase of intervention implementation. The research team rated adaptations as fidelity-consistent or fidelity-inconsistent.  Study results showed that a greater number of adaptations were associated with significantly higher odds of positive health outcomes. With respect to the type of adaptation, the researchers found a significant positive association between the number of fidelity-inconsistent adaptations and health outcomes, which led the team to reevaluate what was considered core fidelity components of the intervention. This example of a cross-sectional study is based on a study by Aschbrenner and colleagues.34 

	Cohort Studies. Cohort studies are used to determine incidence, causes, and prognosis.  A cohort is defined as a group of people who share a common characteristic (e.g., smokers, enrollees in a health insurance plan, city residents exposed to synthetic chemicals).  Cohort studies may be prospective or retrospective.35

	· Prospective cohort studies can be used to track exposure to adaptations and estimate the effect on outcomes.
· If the data is available, retrospective cohort studies can be used to perform post-hoc analysis on exposure to adaptations and effect on outcomes.
· Cohort studies allow researchers to calculate the effect of each adaptation variable (e.g., number, type, fidelity-consistent or fidelity- inconsistent), significance (major or minor) on the probability of developing the outcome of interest.
	· Low incidence of exposure to adaptations will make it difficult to determine effect on outcomes.
· When retrospective cohort studies were originally constructed for another purpose, data on all the relevant information on adaptations may be limited.
	Intervention: Researchers developed an approach to tracking the impact of planned and unplanned adaptations during the implementation of a population-based health screening program with a large cohort of patients.  Adaptations were documented in real time and the data was used in regression models to examine the impact of adaptations on implementation outcomes. This example of a cohort study is based on a study by Allen and colleagues.36 

	Case-Control Studies. Case control studies compare groups retrospectively.  Cases with the outcome of interest are matched with a control group who do not have the outcome of interest.  Researchers seek to identify possible predictors of outcomes which can generate hypotheses that can be studied via prospective cohort studies and other designs.35
	· Case control studies can determine the relative importance of adaptations as predictor variables in relation to the absence or presence of a clinical or implementation outcome.
· Case control studies can also be used to examine hypothesized predictor variables of exposure to adaptations or not (adaptations as the outcome).
· Useful for hypothesis generation.
	· Can only examine one outcome for a given study.
· The cases with the outcome may be a biased sample or the controls may be biased (e.g., more innovative hospitals adapt interventions). 
	Intervention: Researchers conducted a retrospective effectiveness study with matched controls to compare the adapted intervention outcomes against matched cases exposed to a different intervention. Propensity score matching was used to enable case control matching of participants based on available characteristics. The researchers compared clinical outcomes between participants exposed to the adapted intervention versus a different treatment model. There were no significant differences between the two interventions. This example of an adaptive RCT is based on a study by Wakefield and colleagues.37

	Qualitative and Mixed Methods Studies: Qualitative research involves using approaches other than quantitative measurement or statistical analysis to gain in depth understanding of concepts, opinions, experiences, and behaviors.38   Mixed methods research involves collecting and analyzing qualitative and quantitative data, integrating findings, and drawing inferences in a single study for the purpose of breadth and depth of understanding.39 

	Qualitative Methods. Qualitative research involves using approaches other than quantitative measurement or statistical analysis to gain an in depth understanding of concepts, opinions, experiences, and behaviors.38   Qualitative methods in implementation research commonly include individual interviews and focus groups, participant observation, and ethnography.40
	· Adaptations to interventions or strategies can be examined in depth, including exploring the complexities of and rationale for unplanned adaptations.
· Provides a rigorous way to answer “how” and “why” questions in adaptation of interventions or strategies.
· Critical for documenting the context in which adaptations occur and the processes of adaptations.
.
	· Generalizability may be limited due to small sample sizes that focus on depth rather than breadth.
· Data collection and data analysis (e.g., categorization, coding) can be a labor intensive process.
· Confirmation bias is a risk in qualitative research when a study team interprets the data in a biased way that support their hypothesis.
· Some health professionals may not want to participate in an in depth discussion of adaptations that drift from fidelity out of concern doing so will impact employment.
	Intervention/Strategy:  Researchers conducted a qualitative investigation to identify adaptations to the delivery of lung cancer screening interventions.  The research team applied the FRAME to probe process adaptations during interviews with lung cancer screening navigators.  The research team members conducted a content analysis of the qualitative data guided by the FRAME.  The findings identified navigator time and resource considerations for sustainability and scalability of future lung cancer screening interventions.  This example of qualitative methods is based on a study by Strayer and colleagues.41

	Mixed Methods Research. Mixed methods research involves collecting and analyzing qualitative and quantitative data, integrating findings, and drawing inferences in a single study for the purpose of breadth and depth of understanding.39 Integration is essential to mixed methods and may occur during the design and data collection phase in addition to data analysis and interpretation phases.42
	· Sequential explanatory mixed methods design where qualitative data are collected and analyzed to help explain the quantitative results are well suited to investigate the reasons for unplanned adaptations.
· Convergent designs (triangulation) where one type of data is used to validate or confirm conclusions reached from analysis of the other type of data are useful for distinguishing between adaptations to the form vs. function of an intervention or strategy.
	· Integrated mixed methods studies can be costly and time consuming, particularly with sequential designs.
· Requires specific expertise in mixed methods on the research team
· Quantitative and qualitative data can be difficult to integrate and interpret.

	Intervention/Strategy:  Researchers conducted a mixed methods study to gain knowledge about the context-specific adaptation of a digital health intervention.  The research team collected quantitative data using surveys with clinicians and patients while also conducting interviews with patients and focus groups with clinicians to understand how contextual factors influenced experiences with an intervention that was later adapted along with tailoring of its implementation strategies to better fit the context. This example of mixed methods used to investigate context and inform adaptations is based on a study by Valenta and colleagues.43



Note: The examples provided for each study design are informed by the studies cited and may not be exact summaries of the design and/or analytic approach used in the study cited.
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