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Objective: To identify processes to engage stakeholders in healthcare Simulation Modeling (SM), and the impacts of this engagement on model design, model implementation, and stakeholder participants. To investigate how engagement process may lead to specific impacts.

Data Sources: English-language articles on health SM engaging stakeholders in the MEDLINE, EMBASE, Scopus, Web of Science and Business Source Complete databases published from inception to February 2020.

Study Design: A systematic review of the literature based on a priori protocol and reported according to PRISMA guidelines.

Extraction Methods: Eligible articles were SM studies with a health outcome which engaged stakeholders in model design. Data were extracted using a data extraction form adapted to be specific for stakeholder engagement in SM studies. Data were analyzed using summary statistics, deductive and inductive content analysis, and narrative synthesis.

Principal Findings: Thirty-two articles met inclusion criteria. Processes used to engage stakeholders in healthcare SM are heterogenous and often based on intuition rather than clear methodological frameworks. These processes most commonly involve stakeholders across multiple SM stages via discussion/dialogue, interviews, workshops and meetings. Key reported impacts of stakeholder engagement included improved model quality/accuracy, implementation, and stakeholder decision-making. However, for all but four studies, these reports represented author perceptions rather than formal evaluations incorporating stakeholder perspectives. Possible process enablers of impact included the use of models as “boundary objects” and structured facilitation via storytelling to promote effective communication and mutual understanding between stakeholders and modelers.

Conclusions: There is a large gap in the current literature of formal evaluation of SM stakeholder engagement, and a lack of consensus about the processes required for effective SM stakeholder engagement. The adoption and clear reporting of structured engagement and process evaluation methodologies/frameworks are required to advance the field and produce evidence of impact.
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WHAT IS KNOWN ON THIS TOPIC

• Simulation modeling is an effective research methodology to address complex and “wicked” problems in healthcare and public health.

• Involving stakeholders in healthcare simulation modeling is assumed to produce better (and more relevant) models which are more readily accepted by problem owners and thereby more likely to be implemented, but there is limited evidence to guide choices of methods for engaging stakeholders to enhance the design and implementation of these models.



WHAT THIS STUDY ADDS

• We document the large gap in the current literature of formal evaluation of SM stakeholder engagement, and a lack of consensus about the processes required for effective SM stakeholder engagement.

• Processes used to engage stakeholders in healthcare simulation modeling are heterogenous and often ill-defined in the literature, generally involving multiple stakeholder types across multiple simulation modeling stages.

• Possible process enablers of impact are the use of models as “boundary objects” and structured facilitation via storytelling for non-technical communication of model logic. These enablers may work by providing a common language and mutual understanding between stakeholders and modelers.

• Adoption and clear reporting of structured engagement and process evaluation methodologies/frameworks are required to advance the field.



INTRODUCTION

Healthcare decision-makers are facing increasingly “wicked” problems, which have both a technical (complex and uncertain symptoms and solutions) and social (divergent stakeholder perspectives) dimensions (1, 2). Confronting the technical dimension requires research methods which can account for scientific complexity and uncertainty whilst addressing the social dimension requires stakeholders to be engaged in the research process in order to produce solutions with real-world utility (3, 4).

Simulation Modeling (SM) is an established but historically under-utilized methodology in healthcare (5). SM creates a virtual environment which captures dynamic, interdependent and emergent system behaviors in formal models or mathematical representations (5, 6). These models can be used to “advance the understanding of the system or process, communicate findings, and inform management and policy design” (6). SM comprises three methods—system dynamics, discrete event simulation, and agent-based modeling—which Marshall et al. claim are “well suited to healthcare delivery problems” (6).

SM has increasingly been combined with approaches intended to engage stakeholders in the modeling process. Engaging stakeholders, traditionally managers and clinicians in the relevant healthcare field, has been claimed to yield both more technically and socially robust simulation solutions (7) and improve on the poor model implementation that has plagued SM for many years (5, 7–11). Barreteau et al. outline three expected benefits of combining a participatory process with SM: (1) to upgrade the quality of a simulation model, (2) to improve the suitability of the simulation model's use (implementation), and (3) to support participation itself, and account for different perspectives (function of models within participatory process) (12). Despite these expected benefits, SM stakeholder engagement research and practice in healthcare lags behind other sectors (e.g., defense and commerce) (13).

Knowing how best to involve themselves or others in research is a challenge for clinicians, decision-makers and stakeholders in healthcare, as well as for the researchers. Yet involving frontline clinicians, decision-makers and other relevant stakeholders in research that aims to promote a change in practice is key to translating research “off the shelf and into practice” (14). Several authors have identified barriers to successful stakeholder engagement unique to SM research. Jahangirian et al. determined the primary causal factor of poor engagement as the “communication gap between simulation and stakeholder groups” as simulation modelers may have particularly technical backgrounds (9). Brailsford et al., drawing on their experiences within the UK, discuss commonly encountered barriers, including cultural differences and ethical hurdles (8). Whilst an understanding of barriers to engagement is important, guiding decisions in practice about how to effectively engage different stakeholders in designing healthcare simulation models requires further understanding of who should be engaged, when this engagement should occur, and how this engagement should be done to generate the intended impacts. Several simulation studies in healthcare have provided descriptions, reflections or evaluations of their stakeholder engagement process (15, 16), however, there is no coherent body of literature in this area.

The aim of this review is to systematically synthesize the evidence on how far and by what means stakeholder engagement in SM results in outcomes with more practical utility and prospect of successful implementation. A key objective is to identify the processes used to meaningfully engage stakeholders in SM research and to analyze the impacts of this engagement in enhancing the design and implementation of healthcare simulation models. In order to accomplish this, we analyzed the extent to which these intended purposes or expected benefits of SM have materialized in applications to healthcare problems, and we identify the contribution of engagement processes to facilitating this.



METHODS


Study Design

This systematic review is reported according to the PRISMA statement (17) and used an a priori established protocol (Supplementary Material).



Eligibility Criteria and Search Strategy

Eligible articles were original studies that (1) used dynamic SM (intervention), (2) reported a health-related primary outcome (context), (3) engaged stakeholders during the model design stage (population), and (4) reported stakeholder engagement impact (outcome). The search was not limited to a specific study design and did not include a comparator. English-language articles were searched in MEDLINE, EMBASE, Scopus, Web of Science and Business Source Complete databases published from inception to February 2020. Common keywords included: simulation, system dynamics, discrete event or agent based; health care, healthcare, hospital, primary care, public health, health policy or health service; group model building, stakeholder, client, customer, implementation, focus group, interview, steering group, advisory board, advisory committee, co-design, co-production; and participatory simulation or participatory model. Full details are in Appendix A including the title and abstract screening criteria and the full text inclusion criteria.



Study Selection, Data Extraction and Analysis

Title and abstract, and then full-text screening (see Appendix A for full details) were conducted by TZ (all studies) and KL (25% of studies), with disagreement resolved by discussion. Data were extracted using a data extraction form adapted from Concannon et al. (18) and located in Appendix A.

Data were analyzed using summary statistics, deductive and inductive content analysis, (19) as well as a narrative synthesis approach (20). Summary statistics were used to analyze study characteristics. Content analysis was applied to synthesize qualitative data describing the participatory process and intended or reported impacts of this process. We used matrices to explore the overlap between process characteristics and intended or reported impacts, in order to map how the nature of the process may link to impacts. To obtain a richer understanding of the participatory processes, a narrative synthesis approach was used to analyze the role of stakeholder engagement activities within the SM process. Topic areas were categorized according to Mielczarek and Uziałko-Mydlikowska (21), and stakeholder types were categorized according to an adaptation of the 7P's framework, with purchasers and payers combined into a single category (14). The generic stages of SM lifecycles (Figure 1) were used to represent modeling stages– problem formulation, conceptual modeling, computer modeling, model verification and validation, experimentation and implementation (22). Other stages which engaged stakeholders that didn't fit into the generic stages were inductively coded. The intended and reported benefits of the participatory process were coded within a framework adapted from Barreteau et al., comprising three broad types of benefits for (1) the design of the model, (2) the implementation of the model, and (3) the stakeholder participants (12). Within this framework, inductive content analysis was used to identify and quantify the sub-groups of benefits.


[image: Figure 1]
FIGURE 1. Generic stages in SM.


The evidence synthesis concentrated on authors' reporting of the participatory process in SM studies, which meant that outcome measures from the studies were not included. Therefore, no formal assessment of risk of bias was necessary either in individual studies or across studies (23).




RESULTS

The search yielded 1,682 titles and abstracts for initial screening, with 119 articles included for full-text screening. Of full-text articles screened, 29 met the eligibility criteria, with a further three identified and included from included articles reference lists (see Figure 2 PRISMA diagram). The final 32 articles reported on 27 studies (see Table 1 for a summary of included studies).


[image: Figure 2]
FIGURE 2. PRISMA flow diagram of study selection.



Table 1. Summary of studies included in the systematic review (n = 27).
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Study Characteristics

Of the 27 studies included, the majority were conducted in the UK (n = 8, 30%), US (n = 7, 26%) and Australia (n = 4, 15%). The most common topic areas were Health and Care Systems Operation (56%) and Epidemiology, Health Promotion and Disease Prevention (41%), with few studies in Health and Care Systems Design (3%) and Extreme Events Planning (3%). None of the included studies addressed the topic of Medical Decision Making. Years of publication ranged from 2000 to 2019, with 78% published since 2014 (n = 21). There was a change in trend in study topic areas over time: initially dominated by Health and Care Systems Operation, and in recent years by Epidemiology, Health Promotion and Disease Prevention (Figure 3).


[image: Figure 3]
FIGURE 3. Evolution of study topic areas over time.




Stakeholder Participants

The number of studies reporting stakeholder engagement during different stages of SM are shown in Figure 4. The type and number of stakeholders involved in the participatory process varied widely between studies. The most frequently-engaged stakeholders were Providers (n = 23), with less engagement with Policy-makers (n = 7), Purchasers/Payers (n = 9) and Patients/Public (n = 6). Each study, on average, engaged two different types of stakeholder participants. Further details on the numbers and types of stakeholders are in Appendix B. Recruitment methods for stakeholders are also in Appendix B.


[image: Figure 4]
FIGURE 4. Number of studies reporting stakeholder engagement during generic (blue) and openly coded (green) stages of SM. Common stages of engagement aside from conceptual model building were problem formulation (74%). model verification & validation (74%) and experimentation & implementation (59%). It was relatively uncommon for studies to engage stakeholders during the computer model building stage (11%). however, collecting data or parameters through the engagement of stakeholders was used by almost half the studies as a means of quantifying the computer model (41%). Only two studies (7%) engaged stakeholders in evaluating the participatory process in the simulation study.




The Participatory Process: Stakeholder Engagement Stages, Modes and Activities

The stages during which stakeholders were engaged are depicted graphically in Figure 4. All but one study engaged stakeholders in more than one stage of the SM process. In nine studies (33%), stakeholders were engaged in all the generic stages (from the beginning to the end of the SM lifecycle—excluding computer model building). There were four primary modes employed by studies in the engagement of stakeholders: discussion/dialogue (n = 13, 48%), interviews (n = 11, 41%), workshops (n = 8, 30%), and meetings (n = 7, 26%), with some variation across SM stages. Specifically, interviews were most common earlier in the SM process while workshops were commonly used in the mid and late stages of the process. Workshops, discussion/dialogue and meetings generally involved direct model interaction, where the model acted as a communication vehicle (n = 18, 67%), allowing stakeholders to physically manipulate and “play” with the model design. Some studies provided descriptions about how they facilitated this input, which ranged from structured and active methods where stakeholders were asked specific questions (31) or engaged in purposeful storytelling exercises (32), to unstructured and passive methods where stakeholders provided feedback about or annotated an existing model (30, 40). More structured methods of facilitation were used in early stages when studies were engaging stakeholders in designing the model from scratch (24, 31, 32, 36, 37, 44, 53), and more passive methods were used when stakeholders were engaged at a later stage and a draft model had already been designed (16, 30, 35, 38, 40, 48). Further details about the Modes of Engagement & Facilitation are found in Appendix C.



Assessing the Impacts of Stakeholder Engagement

There were four types of impacts reported from stakeholder engagement on model design: (1) increased relevance of the problem addressed (n = 4, 14%), (2) better quality/accuracy of the model for its purpose (n = 9, 33%), (3) improved identification or access to better data (n = 4, 15%), and (4) expertise from a range of perspectives (n = 9, 31%). Across the SM stages, increased relevance of the problem was most reported during problem formulation, while better quality/accuracy of the model was most reported during the conceptual modeling phase.

There were three types of impacts reported from the participatory process on the stakeholder participants: (1) productive discussion or shared understanding of the problem (n = 8, 28%), (2) “learning” (n = 5, 17%), and (3) better problem solving or decision-making (n = 10, 35%). The fact that models require perspectives and assumptions to be made explicit in a graphical representation which imitates the real system meant that several studies found that interacting with the model created productive discussion between stakeholders, particularly those from different disciplines (24–26, 49). There were also three types of impacts reported from stakeholder engagement on model implementation: (1) refined use of terminology (n = 1, 3%) (36), (2) greater acceptance or ownership of the model (n = 5, 17%), and (3) improved implementation or suitable use of the model (n = 8, 27%).

In the overlap between the participatory process and impacts, studies involving direct model interaction were more likely to report benefits for stakeholder ownership of the model (56 vs 11%) and productive discussion & shared understanding (61 vs. 22%), vs. studies without direct model interaction. Read more about the impacts of participatory process on model design, implementation and participants in Appendix D.



Specific Processes Used to Engage Stakeholders in Simulation Modeling

Some studies provided specific details about the process used to combine stakeholder engagement and SM and how to do this well (26, 29, 32, 33, 49). This can provide practitioners and decision-makers, as well as researchers, with useful guides for engaging in such processes. These processes included: the Collaborative Hybridization Process (29), an adapted dynamic synthesis methodology (49), and the Modeling Approach that is Participatory Iterative for Understanding (MAPIU) (26). Descriptions and examples of these processes are outlined in Appendix E.




DISCUSSION

We have systematically reviewed the ways in which studies using SM have engaged stakeholders through participatory processes. We reviewed these participatory processes on their reported abilities to improve the design and use of models in healthcare as well as produce desired impacts on stakeholder participants. The reported processes used to engage stakeholders in healthcare SM were heterogenous, but there were common characteristics in terms of the stages, modes and activities through which engagement is facilitated. Studies mostly commonly involved provider stakeholders, across multiple SM stages, using discussion/dialogue, interviews, workshops and meetings as key modes of engagement. In addition to conceptual modeling, many studies engaged stakeholders in the adjacent stages of problem formulation and model verification and validation, as well as during the later stages of experimentation and implementation. Interviews were mostly used earlier in the SM process while workshops were mostly used in the mid and late stages of the process. Key reported impacts of stakeholder engagement included improved model quality/accuracy, implementation, and stakeholder decision-making.


The Link Between Stakeholder Engagement Process and Impact

The communication gap between stakeholders and modelers has been identified as a primary causal factor driving consistently poor rates of model implementation in healthcare SM (9, 54). This review has identified two possible mechanisms by which engagement processes, via improved model design and stakeholder impacts, may lead to improved model implementation.

Firstly, we found that direct interaction between stakeholders and the model seemed to influence interpersonal communication (between stakeholders themselves and between stakeholders and modelers), leading to stakeholder impacts of more productive discussion and shared understanding, and implementation impacts of greater ownership and acceptance of the model. This is likely because the model operates as a “boundary object” (55), a visual “multi-interpretable, consistent transparent, and verifiable representation of reality” (56). To effectively use models in this way, Rose et al. recommend: using specific conventions to describe model components and interactions to create a common language; using an early simple model to teach stakeholders the model concepts; and allowing hands-on stakeholder exposure to the model user interface (57). As such, using models as “boundary objects” may provide structures around which to base effective communication, providing visual aids for stakeholders to view the whole problem system and better identify areas for solutions.

More structured methods of stakeholder engagement, i.e., the use of specific questions (31) or purposeful storytelling exercises (32), were also associated with improved quality of models for their purpose and helped to incorporate diverse perspectives and expertise into the model design. Freebairn et al. discussed a particularly effective example of using “storytelling” to facilitate communication of the model structure through clinical case histories of individuals–a thought process familiar to clinical stakeholders (32) During storytelling the modelers are better able to use language that the stakeholders can understand and relate to. Also, having the stories allows stakeholders to give the modelers an increased understanding of the complexity of “wicked” problems and complexities associated with populations affected by these problems. The use of storytelling can exemplify the individual trajectories of agents, communicating the ability of the model to capture the evolution of agents over time. During the process evaluation, participants reported that while the sophisticated and highly technical nature of the model remained a barrier in communicating easy to understand policy messages, the use of storytelling to compliment the model outputs was a “particularly valuable tool” to improve mutual understanding of the model (32). That greater understanding contributes to improving the modeling, confidence in the model and ownership. This example suggests that storytelling may provide a useful addition to the “boundary object” approach, allowing communication of highly technical model elements in a more easily understood way. It's also likely to contribute to successful design, confidence, model ownership and future implementation as stories seem to get the message across people from different disciplines.



Reporting and Evaluation of Stakeholder Engagement in SM in the Literature

Many of the methodological issues faced by this review were due to a lack of standardized or detailed reporting of stakeholder engagement, and insufficient reporting was one of the primary reasons for article exclusion. This lack of reporting comprised the details of the process itself and adequate evaluations of the engagement process. Only five studies provided specific details about the stakeholder engagement process (26, 29, 32, 33, 49), and a mere four studies reported on a process evaluation from the stakeholder perspective (15, 30, 49, 53). For the remaining studies, it was difficult to distinguish between intended and reported impacts that were observed or realized during the process as the reporting was based solely on the authors' reflections.

A recent framework from the environmental model building field provides a possible solution to the lack of standardized reporting of stakeholder engagement that may be equally applicable to healthcare SM. Gray et al. propose a four-dimensional reporting framework (4P) which includes: (1) the Purpose for using a participatory SM approach (i.e., intended impacts), (2) the Process by which stakeholders were involved in model building or evaluation; (3) the Partnerships that were defined and participants that were chosen; and (4) the Products that resulted from these efforts (i.e., actual impacts) (58). A detailed breakdown of each of these dimensions is provided by the authors in addition to 4 exemplar case studies. This could be supported by the adaptation of one of the engagement processes identified in our review. The MAPIU is easily generalizable and provides several frameworks for designing a participatory SM process, including a classification system for stakeholders, and frameworks for how different stakeholder contributions fit into the MAPIU process and what types of communication should be considered (26). Guidance on process evaluation is sparser, with Esmail et al.'s systematic review identifying only two studies reporting quantitative results, with most formal evaluations relying on qualitative, self-reported retrospective accounts of the engagement experience (59). Future research should focus on the development and validation of measures and methods for rigorous evaluation of engagement in healthcare SM which should be an a priori embedded component of the research design.

A limitation of this review is the timeframe, which included studies published until March 2020.The crisis and transformation occurring in health care since February 2020 due to the COVID-19 pandemic is deliberately not captured here. The COVID-19 pandemic has resulted in rapid changes inside health systems including changes in direct care procedures and the adoption of remote care through new technologies, with a corresponding global burden of high health care worker stress. Therefore, health care stakeholder involvement for SM during COVID-19 would involve different, crisis driven approaches, and is the subject of a separate subsequent project.




CONCLUSION

This review explored the process by which studies engaged stakeholders in healthcare SM and the impacts of the engagement process on model design, model implementation and stakeholders. We found that engagement of stakeholders in the SM process was common during multiple stages, involved informal discussion as well as more formal one-to-one interviews or group workshops, and was facilitated by a range of more or less structured activities for model building, with structured activities associated with improved model quality and ability to capture diverse perspectives and expertise. Key enablers reported by authors and stakeholder participants were the use of the evolving model as a “boundary object” to facilitate communication and storytelling to communicate the model logic, complexities and interactions in a non-technical way. We suggest the adoption and clear reporting of structured engagement and process evaluation methodologies/frameworks to enable high-quality stakeholder involvement, improve SM confidence and ownership by healthcare staff and decision-makers, and ultimately lead to implementation of optimal interventions identified by SM that contribute toward better health care systems.
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