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Alternative Economic Models (AEMs) are theoretical frameworks that, if implemented, could fundamentally transform economic systems by aligning financial objectives with sustainability goals. Conducting rigorous research on future-oriented AEMs and other complex sustainability systems presents challenges, particularly due to the exploration of largely unverifiable future possibilities. Qualitative models can enhance the completeness, insights, and communications of such research. However, the absence of comprehensive guidelines for ensuring and assessing the quality of future-oriented qualitative models raises concerns about their reliability. The aim of this paper is to improve the quality of qualitative models used in future- and sustainability-focused AEM research by defining three key aspects of model quality: (1) scientific validity; (2) scientific usefulness; and (3) practical usefulness. Drawing on diverse fields, including futures studies, modeling methodologies, and the philosophy of science, we identify 11 Model Quality Considerations (MQCs). These MQCs are tested and refined through two AEM model case applications. We propose a framework for model developers and evaluators to understand their roles and the interactions among MQCs. Our analysis reveals that some MQCs are inherently incompatible, making it impractical to fully satisfy all considerations in a single model. Instead, developing high-quality models requires strategically prioritizing quality aspects, based on the model’s intended purpose. The paper concludes by outlining directions for future research.
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1 Introduction

Alternative Economic Models (AEMs), such as Degrowth and the Circular Economy, have emerged in response to escalating concerns about environmental degradation and social inequality associated with prevailing growth-oriented paradigms (Hickel, 2021; Kirchherr et al., 2023). However, the broader sustainability transition often suffers from a disconnect between aspirational goals (e.g., what policymakers and the public envision for the future) versus concrete understandings of the practical measures needed to achieve such futures, including policy decisions and behavioral changes (Richert et al., 2017). To address this disconnect, researchers have sought to move beyond abstract ideals by developing more concrete notions of realized sustainable AEM futures (e.g., Calisto Friant et al., 2025; Zagonari, 2024; Voulvoulis, 2022). Such future-oriented knowledge offers valuable insights and guidance on complex and uncertain challenges, thereby supporting informed decision-making and the development of shared understandings (Section 2.1). In essence, a deeper grasp of potential futures and pathways toward sustainability facilitates a more dynamically consistent understanding of present actions required for transformative change—supporting the definition of goals and helps prevent the repetition of the shortcomings inherent in the current unsustainable economic model (Bell, 2017; Richert et al., 2017; Quist, 2016; Raudsepp-Hearne et al., 2020). To accomplish this, it is essential to strengthen foresight capacities—referring to the quality of foresights—to better capture and evaluate sustainability-oriented AEMs in their realized forms, such as a Circular Economy (Weigend Rodríguez et al., 2020).

When evaluating AEMs, it is crucial to adopt a broader systemic perspective to ensure that they can produce genuinely environmental, economic, and social sustainability outcomes (Hassan and Faggian, 2023). Qualitative models play a crucial role in this context, as they can capture the complexity of ideas and systems, making the underlying propositions of AEMs more accessible for study and communication (Hanger-Kopp et al., 2024; van Gigch, 1991, p. 176; Moon and Browne, 2021; Checkland, 1995). This capacity likely explains their widespread use and significant influence on both policy and research (e.g., Cairney, 2020).

In this paper, qualitative “model” is broadly defined as encompassing all graphic depictions, including frameworks and diagrams, which have different purposes (e.g., to frame the research process vs. illustrate findings) and characteristics (i.e., capturing only structure vs. structure and relations) (Varpio et al., 2020; Partelow, 2023; McLean and Shepherd, 1976). Common across these models is their capacity to, through simplification and abstraction (Section 2.2), replace the need for large extents of text that would otherwise be required to communicate the information conveyed in the model (Wilson, 1984, p. 10). In addition, the use of qualitative models, primarily for grounding the research, have the ability to: (1) open up the study for inspection of the research process and assumptions made (i.e., increase transparency objectivity), and; (2) increase the accuracy or completeness (i.e., internal validity) of the results (Sale and Carlin, 2025; Gbededo and Liyanage, 2020; Gray, 2018). As such, qualitative models have the capacity to improve the quality of future-oriented AEM research, hence strengthen foresight capacity.

Qualitative models are common in future-oriented sustainability [e.g., the three pillars of sustainability (Purvis et al., 2019)] and AEM research, such as the “Doughnut Economy” (Raworth, 2017)—which we refer to as future-oriented AEM qualitative models (Fo-AEM-QM). These models largely consist of propositions that are yet—or never—to be realized. As such, the claims of “truth” of these models make validation challenging; while some Fo-AEM-QMs are applied to contemporary contexts (e.g., Bocken et al., 2016) as a form of validation, such applications only prove that the model may be useful in the current state, not that it is a valid (e.g., complete and correct) representation of a “nonexistent and nonevidential” (Bell, 2017, p. 191) future realized state of the AEM.

The quality of these models is crucial (see Bell, 2017, pp. 191ff) to avoid compromising “the integrity of science by misusing unvalidated models” (Scholz and Wellmer, 2021, p. 2069; see also Giannetti et al., 2021). However, concrete, comprehensive quality guidelines (e.g., criteria for validity and usefulness) applicable to Fo-AEM-QM models are currently missing.

This quality gap is particularly concerning given the potential influence of Fo-AEM-QMs on contemporary decision-makers and research discourses (e.g., Biermann et al., 2022). Consequently, while Fo-AEM-QM can strengthen research on future-oriented or conceptual AEMs, these models lack explicit considerations for quality. To remedy this, quality assurances relevant for qualitative future-oriented models are needed, which can be achieved by incorporating guidance from different methods, e.g., Futures Studies “as a complementary discipline” (Weigend Rodríguez et al., 2020, p. 529) into the AEM in question to strengthen its foresight capacity. No single set of existing quality considerations is deemed sufficient on its own (see Section 4.1 for the literature review).

This paper aims to advance the quality, and thereby the use, of qualitative models in future- and sustainability-oriented AEM research by providing guidance to model developers and evaluators alike. Thus, the research question consists of defining what “quality” means for Future-oriented Alternative Economic Models Qualitative Models (Fo-AEM-QM). To accomplish this, we first define Fo-AEM-QM quality as consisting of three aspects (i.e., scientific usefulness, practical usefulness, and scientific validity), a concept used to identify eleven (11) model quality considerations (MQCs). Based on these, a Practical MQC Framework is proposed, offering a comprehensive view of how the MQCs interact and what Fo-AEM-QM quality entail for model developers versus evaluators/users. The MQCs and the Framework are the main outcome of a deductive theory-building process, based on: (1) a range of fields and approaches addressing qualitative modeling and model quality, such as soft systems modeling and interdisciplinary research methods; and (2) two case applications (Section 3).

This paper starts by clarifying the importance of future-oriented knowledge, the role of qualitative models in AEM research, and elaborates on fundamental considerations for model quality in qualitative models (Section 2) and then devises a research approach for designing the MQCs (Section 3). The resulting literature review findings are presented (Section 4.1), along with the case application results and the 11 MQCs (Section 4.2). Next, we propose a practical framework on the interrelations between the MQCs and the different implications for model developers versus evaluators/users (Section 5.1). We discuss what the findings mean for Fo-AEM-QM quality (Section 5.2) and conclude with a future outlook (Section 6).



2 Background

First, we explain the characteristics of future-oriented knowledge and how it contrasts with other temporal research approaches (Section 2.1). Next, we examine the nature, development process, and quality challenges associated with qualitative models (Section 2.2).


2.1 On future-oriented knowledge

Studies of AEMs can be divided into five categories: (1) the inevitability of, and need for, making changes related to a particular AEM, based on contemporary challenges related to the economic system (see Klitgaard and Krall, 2012 on the AEM Degrowth); (2) investigations into the current state and identification of barriers and enablers (see, e.g., Camacho-Otero et al., 2019 on user acceptance of Circular Economy consumption practices); (3) investigations into past and contemporary examples to demonstrate viability of the particular AEM (see Kallis et al., 2012 on Degrowth); (4) the formulation of critique of a particular AEM proposition (see, e.g., Corvellec et al., 2022 on the weaknesses in the Circular Economy), and; (5) theoretical or conceptual investigations into what defines the economic model (Morseletto, 2022), and what it might entail in its implemented form (e.g., Degrowth scenarios Svenfelt et al., 2019; Otero et al., 2024; see also Calisto Friant et al., 2025).

Studies pertaining to categories 4 and 5 are purely theoretical, or conceptual, investigations into a future, realized state of an AEM (i.e., fully implemented and normalized)—they are what is referred to in this paper as “future-oriented.” This type of research—along with any type of Futures Studies—cannot make use of empirical observation to test and validate the findings; there are no “truths” or “facts” to discover about a future-oriented AEM, only various forms of possibilities or probabilities to identify, explore, and evaluate (Bell, 2017, p. 148ff). Possibilities in Futures Studies are likened to “dispositionals,” such as the breaking of a glass, were it to be dropped; “The fact that it could be broken remains a real present possibility for its future” (Bell, 2017, p. 76). As such, possibilities are important to identify and plan for to offer relevant guidance to contemporary decision-makers on the issue at hand (Chugh, 2021; Schwarz et al., 1982, p. 6; Wilkinson, 2017; Ramirez et al., 2015). To this end, Futures Studies knowledge is sometimes referred to as “knowledge surrogates” due to its capacity to: “… substitute for the unattainable knowledge of the future that is needed for competent and intelligent action” (Bell, 2017, p. 226). Given how such images of the future are known to impact actors’ aspirational decisions and actions today (Bell, 2017, pp. 84, 142ff), they must be of high quality.



2.2 On models, modeling and quality of qualitative models

While AEMs can constitute a form of theory or concept in that it seeks to explain how an economic system might work under alternative principles, a model seeks to represent the AEM (Bhattacherjee, 2012). As such, qualitative modeling is a process of conceptualization, consisting of simplification or abstractions through which complexity may be “‘hidden from view’, but not eliminated (van Gigch, 1991, pp. 3, 19). In this sense, higher-level abstraction constitutes “aggregated complexity” (van Gigch, 1991, p. 241). The object of study, such as a certain system or part thereof, constitutes an abstract construct (e.g., the “Doughnut Economy”; Raworth, 2017) that is specified into more clearly defined concepts that permit it to be studied by focusing on key system variables, aspects or elements (e.g., actors) and relations, rather than the whole system (Jaccard and Jacoby, 2020, p. 12ff; Sale and Carlin, 2025; van Gigch, 1991; Checkland and Poulter, 2006; LeFebvre, 2017). As such, “abstraction” often consists of the “… choice to conceptualize something in a specific way” (Cornelissen et al., 2021, p. 4). To this end, modeling involves the development of artificial replications of the system under study, such that it functions as a “stand-in” for the study (Grüne-Yanoff, 2009) through the use of assumptions as experimental controls (Mäki, 2005). Due to these limiting assumptions and concepts (i.e., abstraction and simplification), a conceptual model is not “a description of what exists,” but “a view of what exists” (Wilson, 1984 p. 31), or put into other words; the model is not of X but “relevant to debate about” X (Checkland, 1995, p. 47); the model has become “a new reality” (Bell, 2017, p. 215) more amenable to being studied. To this end, the use of models comes with the risk of oversimplifying the issue and limiting the research endeavor, hence, caution and reassessment of the model throughout the research process are necessary (Sale and Carlin, 2025).

The use of qualitative models can present a struggle regarding transparency, both in terms of their development and what constitute suitable applications (Partelow, 2023). Moreover, guidance on what makes qualitative models “good” is scattered (Jakeman et al., 2006; Sale and Carlin, 2025). This is not unique to modeling; in qualitative research overall, there is a lack of a commonly agreed upon definition of scientific validity (Gray, 2018; Rolfe, 2006; Lincoln and Guba, 1986). In addition, the unique characteristics of a system model—which an AEM model inevitably is—put into question the scientific demands on exactness, neutrality, and objectivity of the model; to this effect, social sciences at large, and system modelers in particular, must develop their own “yardstick for rigor” (van Gigch, 1991, p. 12f) or “strategies of acceptance”—referring to ways to ensure and assess the quality of qualitative models (see Jaccard and Jacoby, 2020, p. 24).

System modelers are often proponents of “rigorous testing” of the model’s accuracy and usefulness (see, e.g., Jakeman et al., 2006; van Gigch, 1991). In the case of Fo-AEM-QMs this may be done externally (van Gigch, 1991; Jaccard and Jacoby, 2020, p. 24), e.g., by using expert interviews or a Delphi study. Such practices can be used to gauge the extent to which the model fulfills its purpose (Gbededo and Liyanage, 2020) and is deemed credible (Grüne-Yanoff, 2009, p. 95). A model’s value can also be demonstrated by it being utilized or applied to a specific purpose (Ling and Leng, 2018), such as to develop scenarios (e.g., Svensson-Hoglund et al., 2022). However, the objectives, content, and methods for such testing, particularly for Fo-AEM-QMs, are currently missing in the literature, which reinforces the need for further exploration.




3 Methods

This research follows a deductive theory building approach consisting of three research activities (Figure 1). Starting with the development of a general lens to Fo-AEM QM quality (Section 3.1) used to conduct the literature review (Section 3.2), the findings were tested in two case applications (Section 3.3).
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FIGURE 1
 Research process in this paper.



3.1 Three aspects of model quality: a conceptual framework

The quality of a Fo-AEM-QM adheres to its claims on what the modeled AEM may possibly entail in its realized state. A Fo-AEM-QM can show such possible outcomes regarding: (1) the selected system aspect (e.g., system boundaries); (2) based on the premises and assumptions (e.g., of actor rationality) of the modeling, and; (3) the selected components and relations (e.g., actors, settings or more abstract) (see van Gigch, 1991; Ling and Leng, 2018; Checkland and Poulter, 2006; Grüne-Yanoff, 2009; Mäki, 2005). As such, the claims of “truth” that a Fo-AEM-QM may make relate to possibilities, applicable only within the boundaries of the model parameters (i.e., the abstraction of complexity; van Gigch, 1991), which we refer to as “conditioned possibilities” of the AEM, such as “a CE may be X, assuming Y and Z.” This claim is what the quality assurance and evaluation centers on.

Relevant aspects of model’s quality include the scientific validity (i.e., degree of accuracy), scientific usefulness (i.e., novelty and knowledge-enhancement), and practical usefulness (i.e., for contemporary decision-makers, such as policymakers or practitioners) (Jaccard and Jacoby, 2020; Gray, 2018; Miles et al., 2014; Repko and Szostak, 2021; Figure 2).
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FIGURE 2
 A framework of three aspects of Fo-AEM-QM quality, consisting of scientific validity, and scientific usefulness and practical usefulness (adapted from Jaccard and Jacoby, 2020; Miles et al., 2014; Gray, 2018; Repko and Szostak, 2021).




3.2 A selected literature review for identifying model quality considerations

To populate the three aspects of model quality (Figure 2) with Model Quality Considerations (MQCs), and, as such, develop a “yardstick” (van Gigch, 1991) of Fo-AEM-QM quality, we built upon a range of disciplines and schools of thought. On their own, these sources and traditions do not offer adequate guidance on how to ensure or assess Fo-AEM-QM quality; together, however, they provide more comprehensive guidance. General research methods were used to create a solid foundation (e.g., Miles et al., 2014), along with interdisciplinary research methods (Repko and Szostak, 2021), given the oftentimes interdisciplinary nature of AEM research (e.g., sociology, economics and environmental impact). In addition, literature on a range of qualitative modeling methods was reviewed for applicable MQCs. The literature was selected and reviewed considering conditioned possibilities (Section 3.1). Also, for specific guidance on how to consider the quality of future-oriented models, we consulted principles of Futures Studies (e.g., Bell, 2017) and philosophy of science (e.g., Fumagalli, 2016).



3.3 Case application

To test the resulting MQCs, we applied them to two existing Fo-AEM-QM: the “Butterfly Diagram” (Ellen MacArthur Foundation, 2013a); and Bocken et al.’s (2016) “Framework of Linear and Circular Approaches for Reducing Resource Use”—both depicting the AEM of a “Circular Economy” (CE). The Butterfly Diagram (at the time titled: “The Circular Economy”) was introduced in volume 1 in a series of 3 reports. The model is used in all three reports (Ellen MacArthur Foundation, 2013a, 2013b, 2014). However, only volume 1 is referenced in the case application (Section 4.2) as no additional details relevant to the model quality could be identified in the other two volumes.

These two models were selected due to being highly influential on the CE concept (Velenturf et al., 2019), and distinctly different; while Bocken et al. (2016) introduces a theoretical vocabulary for how a CE works, the Ellen Macarthur Foundation (EMF) model (2013a) depicts a CE system in terms of how products and resources flow and who/what is involved. As such, these two models provide a distinct comparative testing ground for the MQCs.

Both models were evaluated based on their performance against the MQCs, using categories of “missing,” “weak,” “limited,” “acceptable” or “strong” performance.

The findings of this paper are limited to the three aspects of quality (Figure 2), which could have been more granularly defined, such as by splitting accuracy and transparency. However, for their interrelated relationship, see Section 5. Also, different case studies may have produced different refinement of the 11 MQCs, which is why we, in Section 6, encourage future research involving further testing of the considerations to ensure relevance.




4 Results


4.1 Considerations for quality in the literature

In this section, the findings from the review on the three aspects of quality (Figure 2) are presented: scientific usefulness (Section 4.1.1), practical usefulness (Section 4.1.2), and scientific validity (Section 4.1.3).


4.1.1 Scientific usefulness considerations

Scientific usefulness refers to scientific (i.e., theoretical or conceptual) understanding and expansion of knowledge, while practical usefulness (Section 4.1.2) entails guidance on how to address a particular issue (i.e., applicability) (see Jaccard and Jacoby, 2020, p. 24). These two quality aspects (Figure 2) overlap in how they relate to whether the research: “…provides some useful way of describing or coping with the world…” (Jaccard and Jacoby, 2020, p. 24)—referred to as “adequacy” in Futures Studies (Schwarz et al., 1982, p. 6), “progress” in general method studies (Nicholson et al., 2018), and model “relevance” in Soft System Methodology (Checkland, 1995).

We propose that there are two sides to scientific usefulness—the (novel) contribution and its accessibility. First, as to the contribution, it should be knowledge-enhancing or novel, which entails novel connections between multiple key concepts of the AEM (see Morgan, 2018; Jaccard and Jacoby, 2020). For this, model developers must specify the learnings that can be derived from the model and under what conditions those apply (Fumagalli, 2016)—the “conditioned possibilities” (Section 3.1). Such explicitness is aligned with Fawcett’s (2005) criteria of “significance,” meaning that it must be made clear what it is that the model adds to the current AEM understanding or theory. To this end, the modeler needs to position the contribution in existing research, e.g., by conducting a sufficient literature review or grounding of the model in existing work. This overlaps with “validity” (Section 4.1.3) in terms of correctness of the model (i.e., not having overlooked existing knowledge).

Scientifically useful research, unlike practically useful, can consist of a theoretical or conceptual thought experiment or theory exploration, such as envisioning what a realized AEM entails (e.g., Svenfelt et al., 2019), with little to no explicit guidance for decision-makers today on how to approach the AEM transition (see Repko and Szostak, 2021, p. 367ff). To this end, while abstract ideas and patterns can be knowledge-enhancing, practitioners require more concrete applicability (Cornelissen et al., 2021).

The second aspect of scientific usefulness is scientific accessibility, or ease of use of the model primarily for other academics as model users (e.g., the degree of time and effort needed for the model to be understandable) (see Gbededo and Liyanage, 2020). “Parsimony” or “conciseness” refers to the inclusion of as few concepts as possible to achieve the model’s purpose, since overly complicated models might obscure the results and thereby dilute the learnings (Fawcett, 2005). To this end, scientific accessibility requires of the modeler to only include concepts and relations needed to fulfill the model’s purpose (Fawcett, 2005) (i.e., overlapping with model relevance as part of model validity, see 4.1.3). Also, scientific accessibility can also depend on the availability of resources and explanations for understanding the model (see Gbededo and Liyanage, 2020; Fawcett, 2005), such as a glossary. Scientific accessibility expectations depend on the model’s audience, which might vary, i.e., consisting of a smaller group of interdisciplinary experts versus a wider, interdisciplinary community, who will require different levels of explanations.



4.1.2 Practical usefulness considerations

Practical usefulness emphasizes the degree of applicability and practical guidance offered by the model to inform contemporary AEM transition or implementation activities (see Jaccard and Jacoby, 2020, p. 24; Checkland, 1995 on model “relevance”), such as clarifying possible and desirable futures to a (particular) audience, inviting them to reflect on those futures to get short-term insight, and potentially modifying practitioners’ short and long-term behavior in ways that enable achievement of that desirable future (Bell, 2017, pp. 84, 142ff). Such “pragmatic adequacy” (Fawcett, 2005), “effectiveness” or clarity of the model is increased through the explicit outline of practical implications, such as recommendations, based on the model findings, for specific contemporary stakeholders. Relevance for the current state can also apply to academics researching this issue (i.e., non-future-oriented aspects of the AEM), such as the AEM’s implication for business models and product design (Bocken et al., 2016) and can therefore overlap with scientific usefulness (Section 4.1.1).

Another aspect of practical usefulness is the degree of practical accessibility of the model, such as the extent to which practitioners must possess specific knowledge or skills, go through training and/or access to specialized resources before they can effectively interact with the model (Gbededo and Liyanage, 2020; Fawcett, 2005). The practical accessibility expectation entails refraining from being overly abstract or theoretical and instead spelling out any practical implications for different audiences. To this end, ensuring practical accessibility likely varies between audiences, such as academics in the application space (e.g., business models) vs. practitioners in a narrower space, such as product design.



4.1.3 Scientific validity considerations

Scientific validity relates to “the question of the goodness—the quality…” (Miles et al., 2014, p. 276); the higher the validity, the stronger the scientific claim (Miles et al., 2014, p. 300). A distinction can be made between scientific usefulness (Section 4.1.1) and validity in that research can be scientifically valid without furthering the state of knowledge about an AEM (i.e., not being novel). However, invalid research cannot expand upon the existing body of knowledge.

In understanding the validity of conditioned possibilities (Section 3.1) in Fo-AEM-QMs, we focus on: (1) internal validity (i.e., the accuracy of the results) (Section 4.1.3.1); (2) objectivity (i.e., transparency) (Section 4.1.3.2), and; (3) external validity (i.e., generalizability) (Section 4.1.3.3) (Gray, 2018).


4.1.3.1 Internal validity

Internal validity relates to the ability of the method to produce findings in accordance with the model’s purpose, that are accurate and/or representative of the AEM (Thomas and Magilvy, 2011; Gray, 2018, p. 153). As such, the model must be credible (see Lincoln and Guba, 1986) and fulfill its purpose (e.g., as stated in the research question); “In the absolute, a model is neither true nor false, but simply more or less well-suited to a given set of questions” (David, 2001 p. 463). This pertains to model relevance (Checkland, 1995).

In Futures Studies, imagination and creativity are strongly encouraged to facilitate breaking away from contemporary perspectives (Corazza, 2024): “lt involves not only asking what is, but also asking what could be” (Bell, 2017, p. 76). The strength of the possibility depicted by the model (i.e., that it is “presumptively” true) is done by testing the logic of the model (see Bell, 2017, p. 150). In this context, model “correctness” (Gbededo and Liyanage, 2020) can be defined as “internal consistency,” meaning that the model and its elements are congruent and consistent (i.e., logical) (Fawcett, 2005; van Gigch, 1991). Given the conditioned possibilities in a Fo-AEM-QM for a state not realized, such logic assessment can be challenging. However, the qualification of the model to make valid inferences about an AEM relies upon the “conditional credibility judgments” of the audience interacting with the model (i.e., model users and evaluators) (Grüne-Yanoff, 2009, p. 95). Such judgements are based on adherence to stipulated assumptions, theories, and other models that are used, making the model “believable” (or not), e.g., in the ways that a fictional narrative may make sense, based on the premises of the story (Grüne-Yanoff, 2009, p. 95). This sentiment is echoed by Miles et al. (2014, p. 313) on qualitative research in general: “The account rings true, makes sense, seems convincing or plausible and enables a vicarious presence for the reader.” Also, van Gigch (1991) refers to the logic of the model as a subjective impression. As such, a model is credible given that it corresponds to its “theoretical hypothesis” (Grüne-Yanoff, 2009, p. 98) or the “additional information or presuppositions “(Fumagalli, 2016, p. 434), also referred to as the model specifications (Mäki, 2005). The level of adherence to the specifications upon which a model is built is referred to as model defensibility (Checkland, 1995 p. 47, 52f).

Model quality is also an outcome of the quality of the modeling process, referring to the gathering of data used to populate the model (i.e., data collection), the quality of analysis (e.g., coding), and the model testing or application (Ling and Leng, 2018; Gray, 2018, p. 181ff). This requires transparency (objectivity; Section 4.1.3.2), and as such, the line between assessing the modeling process vs. the product (i.e., the model itself) is not always clear (Jakeman et al., 2006). Data gathering in Futures Studies often involve transdisciplinary actors engaging in so-called “participatory foresight” (i.e., involvement of a range of actors in the futuring exercise). This interactive approach is fundamental for mitigating blind spots, which contributes to increased accuracy and/or completeness of the results (Nikolova, 2014; Bell, 2017, p. 155).



4.1.3.2 Objectivity

Traditionally, the expectation of objectivity entails the absence of influence by the researcher to separate out any elements of subjectivity, requiring both transparency and replicability of the method (Gray, 2018, p. 182, 185f). Further, there must be some “corresponding external representation” that can be assessed, and even repeated, by others (Jaccard and Jacoby, 2020, p. 27). Regarding replicability and developing a replicable methodology, Thomas and Magilvy (2011, p. 151) find that “qualitative rigor” constitutes: “… an oxymoron, considering that qualitative research [in general] is a journey of exploration and discovery that does not lend to stiff boundaries.” Instead, to meet the demands of objectivity, researchers engaged in qualitative modeling may focus on presenting the methodology in a way that lends itself to “inspection” or “confirmability” rather than replication (Gray, 2018 p. 182; Lincoln and Guba, 1986 p. 76f.). This is similar to an interpretivist view of validity, which entails the provision of: (1) clear explanations of the ways in which the data has been interpreted (i.e., data collection, coding and analysis), and; (2) access to the raw data in some form, such as using quotes (e.g., Rice and Ezzy, 1999). To this end, biases are unavoidable and must be explicitly stated (Miles et al., 2014, p. 311), particularly with regards to the model specifications (Jaccard and Jacoby, 2020, p. 27f).

Objectivity can also be achieved by sharing rival conclusions and assessing their plausibility (Miles et al., 2014, p. 312). To this end, objectivity may be tested by assessing implicit (i.e., non-disclosed) biases and value-laden assumptions through internal review (van Gigch, 1991), as well as through external expert consultation. Also, in Futures Studies, it is important to disclose any uncertainties about the future state and the assumptions that were made to accommodate said uncertainties (Rinaldi, 2023; Bell, 2017, p. 148ff).

In all, objectivity relates to the ability to assess elements of subjectivity in the model and, as such, the ability to assess the model development process, e.g., for the choices and assumptions made (i.e., model specifications). Achieving the necessary transparency requires: (1) a gradual (i.e., step-by-step) model development, with clearly defined activities, assumptions and outcomes at each step, and; (2) the research process documentation, which must be transparent to enable “inspection” of choices and assumptions (Gray, 2018, p. 182; van Gigch, 1991, p. 92), both of which allow for assessment of accuracy or credibility (i.e., internal validity; Section 4.1.3.1).



4.1.3.3 External validity

External validity concerns the applicability or transferability to contexts beyond the modeled one. However, it is the nature of qualitative research in general, and models in particular, to be “context-bound” (Lincoln and Guba, 1986, p. 75; Gray, 2018, p. 185). The model has, after all, been developed for a particular purpose (see above on model “relevance” and “defensibility”; Checkland, 1995). Accordingly, the external validity of a model pertaining to a specific AEM arguably consists of its degree of transferability to other parts/aspects of the AEM (e.g., normalized sharing vs. repair in a CE), and the transferability of findings to other AEMs (e.g., normalized sharing in a CE vs. a Doughnut Economy). As such, the demonstration of external validity consists of examples of other suitable applications of the model (i.e., transferability) outside the model purpose (see Jakeman et al., 2006; van Gigch, 1991; Botha, 1989; Lincoln and Guba, 1986).

Overall, the test of scientific validity will depend on the precise discipline(s), or more specifically, the ontology under which a Fo-AEM-QM has been developed (e.g., sociology vs. economics). On this note, from a Future Studies perspective, a model can be considered “justified” if it is not deemed false or illogical, making it “worthy of belief” (Bell, 2017 p. 210f). According to this perspective, assuring model validity consist of formulating considerations capable of disqualifying a model.

This literature review is synthesized into the resulting 11 MQCs (Table 1).


TABLE 1 The result of model applications for the “Butterfly Diagram” (Ellen MacArthur Foundation, 2013a) (Case A), and “Linear and Circular Approaches for Reducing Resource Use” (Bocken et al., 2016) (Case B).


	Model Quality Considerations (MQCs)
	Case A
	Case B

 

 	A. Scientific Usefulness (Novelty of the Contribution and Accessibility for Academics; Section 4.1.1)


 	A#1. Scientific Contribution(s) to the AEM field
 
	a. The model furthers understanding of the AEM, such as by bringing a new perspective, insights, or contribution to AEM theory.




Overlap with model purpose, C#5 (model relevance) and C (Validity) overall as knowledge enhancement may require a grounding of the model in previous research to demonstrate the novelty and accuracy of the insight(s).

 	Strong 	Strong


 	
	a. The model’s contribution to knowledge is explicitly stated.


 
Overlap C#11.b (stating model specifications) as the condition under which the possibilities captured by the model apply, and C#7 (model transferability).

 	Weak 	Strong


 	A#2. The model is accessible to academics in the field or adjacent fields (i.e., is not overly complicated and does not contain unnecessary jargon and other elements that require time, energy, and background knowledge to understand).
 Overlap with A#1.b (stating contribution) and C#5 (model relevance) in terms of parsimony. 	Strong 	Acceptable


 	B. Practical Usefulness (Practical Applicability and Accessibility for Practitioners; Section 4.1.2)


 	B#3. Practical Applicability
 
	a. The model offers relevant insights for practitioners in the contemporary AEM transition.

	
Potential overlap with C#5 (model relevance) and B#4 on accessibility for practitioners.



 	Strong 	Strong


 	

	a. The practical usefulness of the model is explicitly stated/described (i.e., in what way, and for whom, the model and/or insights generated from the same are useful).

	
Potential overlap with C#11.a (stating model purpose), as the conditions under which the possibilities captured by the model apply, and C#7 (model transferability).




 	Missing 	Strong


 	B#4. The model is accessible to practitioners (i.e., does not contain unnecessary academic jargon and other elements that require time, energy, and background knowledge to understand) and contains practical applications or implications.
 Overlap with B#3.b (stating practical relevance) and C#5 (model relevance) in terms of parsimony. 	Strong 	Limited


 	C. Validity (Internal Validity, Objectivity and Generalizability; Section 4.1.3)


 	The Model


 	C#5. Model Relevance:
 
	a. The model adheres to the stated model purpose (C#11.a) and, if relevant, has the capacity to respond to the research question(s), including the selection of appropriate model specifications (e.g., model scope, assumptions, and theories).


 
Overlaps with A#1 (contribution) and/or B#3 (practical applicability), accessibility (A#2 & B#4) in terms of parsimony, as well as C#10 (Model Testing and/or Utilization).

 	Acceptable 	Strong


 	
	a. The model’s suitability for furthering the desired understanding (i.e., model purpose) is explicitly discussed, considering strengths and weaknesses, and alternative models.


 
Overlap with C#11.a (stating model purpose), A#1 (contribution), and B#3 (applicability).

 	Missing 	Missing


 	C#6. Model Defensibility: The model adheres to the stated model specifications (i.e., model scope, boundaries, assumptions, limitations, conceptualizations, as well as theories and models used in its development), thus determining the “believability” of the model.
 Overlap with C#11.b (disclosure on model specifications).
 Potentially overlap with C#11.c (disclosure on data collection) if any of the data consists of existing concepts and theories that have been incorporated into the model, as the level of adherence to these impacts defensibility. 	Specifications are largely missing (see C#11.b) 	Specifications are missing (see C#11.b)


 	C#7. Model Transferability onto other contexts and/or AEMs (i.e., external validity or generalizability) is outlined.
 Overlap with A#1.b (specifying contribution) and B#3.b (specifying practical application). 	Missing 	Limited


 	The Modeling (determining the Validity of the Model)


 	C#8. The Validity of the Data Collection, such as adequately reflecting the current state of knowledge, given the model purpose and model specifications.
 Overlap with C#11.c (disclosure on data collection) and with A#1 (contribution), B#3 (practical applicability) in terms of grounding the model, and C#6 (model defensibility). 	Weak 	Limited


 	C#9. The Validity of the Coding and Analysis, such as being appropriate, given the model purpose and model specifications.
 Overlap with C#11.c (disclosure on coding & analysis).
 Possible overlap with A#1 (contribution), B#3 (practical applicability), and C#6 (model defensibility). 	Missing 	Limited


 	C#10. The Validity and Appropriateness of the Model Testing (i.e., model accuracy), and/or Utilization (i.e., model capacity to perform a certain task)
 Overlap with A#1 (contribution) and B#3 (practical applicability), and C#5 (Model Relevance). 	Missing 	Acceptable


 	C#11 Transparency provided by the research documentation:
 
	a. The model purpose is clearly stated (i.e., presumably depending on the research question)


 
Potential overlap with A#1.b (stating the contribution) and B#3.b (stating the practical applicability).

 	Limited 	Strong


 	
	a. Model Specifications (i.e., assumptions, limitations, conceptualizations, theories, and models used in its development) are clearly stated.


 
Overlap with C#5 (model relevance) and C#6 (model defensibility).

 	Weak 	Missing


 	

	a. Data Collection (overlap with C#8 on validity of data collection) and Coding & Analysis (overlap with C#9 on validity of coding & analysis) processes are clearly described.



 	Weak/Missing 	Limited


 	

	a. General Transparency and ability to inspect the modeling process, such as how the modeler went from data to the graphic depiction (i.e., model).



 	Weak 	Limited




 





4.2 Case applications of the MQCs

The case study results are presented below in Table 1, together with the refined MQCs in Column 1. The MQCs are numbered #1–11, with the letter of the quality aspect they pertain to (i.e., A—Scientific Usefulness, B—Practical Usefulness, and C—Scientific Validity). References across MQCs (i.e., overlaps) are denoted in italic.

The performance assessment of the case models included model content (i.e., visual depiction), as well as manuscript text.

The two case applications (Table 1) performed rather differently across the MQCs (Figure 3), speaking to their differing natures and purposes.

[image: Bar chart comparing the scientific usefulness, practical usefulness, and scientific validity of two cases, A (EMF) and B (Bocken et al). Categories include scientific contribution, accessibility, practical applicability, adherence to model purpose, model transferability, and transparency. Ratings range from Missing to Strong. Case A and Case B are color-coded in purple and blue, respectively, with varying ratings across categories.]

FIGURE 3
 The two model case studies performance across the 11 MQCs.


See Appendix A for detailed case application results, including motivations for model performance assessment, and an outline of the resulting refinements to the MQCs (Column 1; Table 1) following the case applications.




5 Discussion

In this section we propose a framework on the interrelations between the MQCs and their different implications for model developers versus evaluators/users (Section 5.1). Next, we discuss what the findings mean for Fo-AEM-QM quality (Section 5.2).


5.1 Proposition of a MQC framework for Fo-AEM-QM

The MQC Framework for Fo-AEM-QM developers and evaluators/users (Figure 4) capture the interrelations between the MQCs (Table 1), and the different implications for model developers versus evaluators/users.

[image: Flowchart illustrating Model Quality Criteria (MQCs) from basic to complex, emphasizing performance and information MQCs. Basic MQCs address data collection and coding validity. Blended MQCs include hybrid and transparency-dependent criteria focusing on validity and adherence. Complex MQCs highlight explicitness, scientific, and practical applicability. Developers ensure transparency and achieve models; evaluators assess and estimate models.]

FIGURE 4
 A practical MQCs framework for Fo-AEM-QM developers and evaluators/users.


The 11 MQCs (Table 1) are categorized into two overarching types: Information MQCs and Performance MQCs (left hand side; Figure 4).

Information MQCs pertain to the disclosure and communication of information within the model or accompanying text. They are divided into “transparency,” which involves revealing the modeling process (e.g., data collection methods; C#11.c), and “explicitness,” which concerns clearly communicating the model’s qualities (e.g., statements about the model’s knowledge contribution; A#1.b). For model developers, these MQCs imply that they must provide this information (i.e., meet the information MQCs). Model evaluators/users, on the other hand, verify its presence in the model and manuscript.

Performance MQCs address actual outcomes of the model or modeling process, such as the validity of the data and analysis (C#8 and C#9) and accessibility of the model to practitioners (B#4). While related, Information and Performance MQCs serve distinct roles; for example, transparency with regards to the data collection process (C#11.c) may be high, while the validity of that data (C#8) is low. Similarly, a well-articulated knowledge contribution statement (A#1.b) (i.e., high explicitness) might contain overstatements of the model’s actual impact (A#1.a). This interplay illustrates the synergy between objectivity (i.e., information MQCs) and internal validity (i.e., some of the performance MQCs), discussed in Section 4.1.3.

To understand the implications for model developers and evaluators/users in the context of performance MQCs, we organize the performance MQCs on a spectrum from “basic” to “complex,” based on technical difficulty, measurability, and the need for subject-matter expertise, and interconnections of the MQCs (Figure 4). Technical validity criteria tend to be clearer and more objective in their measurement, while elements, such as knowledge contribution and model accessibility, demand nuanced, qualitative judgment. Also, more basic MQCs (e.g., the validity of the data collection) typically requires general research skills, whereas complex MQCs (e.g., assessing knowledge impact) often necessitate deeper subject-matter expertise. This may include familiarity with the model type (e.g., dynamic systems modeling; de Gooyert et al., 2024), the AEM, and its domain (e.g., governance or lifestyles). Also, the employment of complex and/or less well-known modeling methods (e.g., to test the model) may also increase the complexity of a MQC. Also, interdependencies between MQCs amplify complexity, such as how achieving knowledge contribution (A#1.a) depends on validity and transparency criteria (C#5–11). Thus, success in one MQC may rely on others—complicating quality assurance.

Blended Performance MQCs (Figure 4) contain both basic and complex elements. For example, validity and appropriateness of model testing (C#10) comprise general methodological components and specialized subject-matter considerations (e.g., practitioner involvement), all of which vary in complexity. Some MQCs (e.g., adherence to model purpose; C#5.a) critically depend on corresponding transparency MQCs (statement on model purpose; C#6).

Depending on their position along the complexity span, performance MQCs demand varying effort from model developers to deliver and evaluators to ascertain. More basic MQCs (e.g., valid data analysis; C#9), require developers to ensure outcomes and evaluators to assess results, based on provided research documentation and standard research principles. More complex MQCs (e.g., model applicability; B#3) necessitate developers’ higher achievement efforts and evaluators’ estimations in the form of demanding judgments and interpretations.

The relative complexity of each performance MQC is indicated in Figure 4, though this placement is context-dependent. Well-documented modeling processes (C#11.d) facilitate quality evaluations, while insufficient information provisioning increases complexity, hence shift validity MQCs toward increased estimation effort. Explicitness MQCs support model evaluators or users in making informed estimations; for example, explicit statements about a model’s knowledge contribution (A#1.b) assist model evaluators and users in estimating its novelty (A#1.a). Nevertheless, these claims require critical evaluation rather than acceptance at face value, hence they remain rather complex. Consequently, the degree to which model developers adhere to transparency and explicitness MQCs can either simplify or complicate model evaluators’/users’ evaluation of their performance MQC counterparts. Also, the inclusion of any needed background information (e.g., on the aspect of the AEM being modeled), or at least references to the same, may boost the subject-matter knowledge of the model evaluator, and shift the MQC towards the left (Figure 4).

While insufficient adherence to information MQCs may deter accessibility (A#2 and B#4) by increasing user effort and required expertise, excessive provision of information may overwhelm evaluators with superfluous information, thus decrease accessibility. To balance accessibility and the provision of information, it may be worthwhile to only include model-relevant information in the manuscript (i.e., explicitness MQCs) and put documentation related to transparency MQCs (i.e., the modeling process) in a supplementary material. Also, the MQCs may need to be prioritized based on the specific model purpose, thus the quality profile of the model (see Section 5.2 for more on this).

In summary, the Framework’s (Figure 4) categorization of MQCs into information and performance, and the organization of the performance MQCs on a complexity spectrum, clarifies how information MQCs support their performance counterparts; transparency MQCs support more basic performance MQCs, while explicitness MQCs support the more complex MQCs. The Framework also clarifies the implications of the 11 MQCs for model developers (i.e., to provide quality-related information and ensure versus achieve model quality outcomes) and evaluators/users (i.e., to verify the presence of quality information and assess versus estimate model quality outcomes). The Framework particularly emphasizes the role that model developers play in model evaluators’/users’ evaluation, and points at some of the trade-offs and priorities model developers may consider. We discuss this more in Section 5.2.



5.2 The meaning of model quality for Fo-AEM-QMs

To understand what might constitute relevant MQCs for a Fo-AEM-QM, it is helpful to consider the intersections between the three aspects of model quality and the model’s contribution(s) (Figure 5).

[image: Triangle diagram illustrating the interrelation of scientific usefulness, scientific validity, and practical usefulness. The apex is labeled "Scientific Usefulness," indicating novelty. The base corners are "Scientific Validity," indicating correctness, and "Practical Usefulness," for decision-makers. Inside, it shows "Novel Practically Useful and Valid Contribution" at the center, with related concepts in adjacent boxes: "Novel Scientific Contribution," "Novel Practically Useful Contribution," and "Valid Practical Application."]

FIGURE 5
 A framework of three aspects of Fo-AEM-QM quality, considering the intersections between the aspects and various combinations of quality emphasis within the triangle.


Each of the intersections—or bridging spaces—in which the three model quality aspects are combined constitute different “quality profiles” of Fo-AEM-QMs (Figure 5), depending on the model purpose. These zones consist of possible methodological synergies, as well as tension, that must be intentionally navigated.

Any scientific and/or practical usefulness that may be derived from a Fo-AEM-QM has limited explanatory powers due to the intrinsic limitations of models in general, and of future-oriented AEMs in particular (i.e., “conditions possibilities; Section 3.1). To this point, the claims on scientific and/or practical usefulness (i.e., the proposition articulated by the model) constitute the primary subject of to the scientific validity assessment. As such, particularly if scientific validity constitutes a goal, it is important to clearly state what the “claim of truth” consists of (e.g., Fumagalli, 2016). As such, the limitations of the model should be acknowledged, not minimized. This is important, not least, to avoid giving rise to distorted and reductionist conclusions (Botha, 1989), but also to focus the quality efforts of the modeler and facilitate, or target, the model evaluators efforts.

“(Novel) Scientific Contribution” bridges the intersection of scientific validity and scientific usefulness aspects (yellow and green; Figure 5). Herein, scientific validity is an expectation of, and precursor to, scientific usefulness—hence, in this regard, the aspects are synergistic. First of all, a model’s ability to contribute to the AEM field or theory (i.e., theory building) (A#1.a) is determined by the gap on which the model’s purpose is based; this may be the same as the research question, or may serve a narrower purpose (see, e.g., Bocken et al., 2016). Naturally, the model must also be relevant, meaning that it adheres to its purpose and is suited, compared to other models, to make this contribution (C#5.b).

A further synergy between scientific usefulness and validity lies in the models’ degree of alignment with, or adherence to, relevant conceptual definitions related to the AEM being modeled (e.g., CE and/or degrowth), without which the model can hardly make claims on knowledge-enhancement, let alone theory building (A#1.a). This concerns the selection of appropriate model specifications (e.g., model scope, assumptions, and theories; C#5.a). An example of such a specification in the development of a model of a CE pertains to the chosen definition of a CE, for instance, whether it is conceptualized as incorporating principles of degrowth (e.g., Schröder et al., 2019) or decoupled growth (Ellen MacArthur Foundation, 2015). Also, validity in terms of model defensibility (i.e., actual adherence to model specifications; C#6) determines the scientific contribution. Lastly, assessing the accuracy of the model and its contribution to knowledge requires the appropriate model testing or utilization (C#10), transparency, and validity (#8–9 & 11), as dictated by the model’s purpose. Consequently, scientific usefulness and validity are highly synergistic.

“Valid Practical Application” bridges the intersection of practical usefulness and scientific validity (blue and yellow; Figure 5), evaluating the extent to which a model offers contextualized, applied, and concrete guidance to decision-makers, whilst being scientifically valid (i.e., transparent reasoning and methodological soundness). A Fo-AEM-QM of such a quality profile is unlikely to be stand-alone; instead, it relies on further model analysis, application or utilizing (C#10), such as employing the model in backcasting (Quist and Vergragt 2006) to understand ways to reach (or avoid) the future-oriented modeled state (i.e., the practical guidance; B#3.a).

Solid grounding of the model in previous research (i.e., through a review of existing knowledge) can improve its scientific validity as it ensures that no relevant existing knowledge is overlooked, thus affirming model accuracy and completeness (c.f. Nicholson et al., 2018). Such an outcome also has the benefit of ensuring that the guidance derived from the model to policymakers and strategic foresight practitioners is correct, based on the conditioned possibilities of the model. In this regard, practical usefulness and scientific validity are synergistic. However, especially a large amount of transparency information (C#11) (Figure 4) to support model validity may decrease practical accessibility (B#4), thus lower wider applicability of the model (B#3.a) outside of any practical insights explicitly stated by the modeler (B#3.b)—representing a tension between the two quality aspects (Figure 5). However, certain model formats (e.g., visuals, interactive tools, and summaries) may allow for high model accessibility, without compromising validity, similar to the appending of transparency information (Figure 4) in supplementary material (Section 5.1).

A “(Novel) Practically Useful Contribution” bridges the intersection of scientific and practical usefulness (blue and green; Figure 5). This type of contribution can be seen in Case #B (Table 1) as the clarification of (conceptual) CE vocabulary (i.e., scientifically useful), which was then used to formulate strategies for practitioners (i.e., practically useful). The value of this model for practitioners is likely to be derived from applications of the model, similar to the model quality profile of “Valid Practical Application” discussed above.

Practical usefulness is often the strength, and some may even say the very purpose, of Futures Studies in terms of the generation of ideas about the future with the purpose of supporting contemporary decision-makers (Bell, 2017; Schwarz et al., 1982; Chugh, 2021; Ramirez et al., 2015). This type of contribution prioritizes “learning” (i.e., creating a common understanding) among academics and practitioners, which is less concerned with validity. On this note, while Case #A was found to lack validity (Table 1), that model was used in the report to create a common point of reference regarding what a CE consists of, and was used throughout the report series to illustrate practical implications of a CE, such as employment effects (Ellen MacArthur Foundation, 2013a, p. 69), and was also partially unpacked (see, e.g., Figure 14 zooming in on the biological material “wing” of the Butterfly; Ellen MacArthur Foundation, 2013a, p. 52). This is a form of model use in which conceptual clarity is refined through the translation of abstract knowledge into operational or policy language—representing the synergistic nature between scientistic usefulness (i.e., theory) and practical usefulness (i.e., practice).

Nonetheless, tension may arise between these two aspects, as theoretical work tends to seek generalizability, whereas practice demand more contextual specificity (Sections 4.1.1 and 4.1.2). In this regard, the modeler must decide which aspects to prioritize or strike a balance between them. An illustrative example of the latter is a model of a common language for both academics and practitioners around “CE Loop Strategies.” This model does not necessarily offer a novel theoretical perspective on a CE, but instead established a common language for academics and practitioners to describe material loops in a realized CE (Svensson-Hoglund et al., under review).

As to validity in the context of modeling focusing on scientific and practical usefulness, model specifications (e.g., clear delimitations and scope) (C#5.a) and other validity MQCs may defeat the purpose of keeping the model “open” for further exploration and applications—as was done by Ellen MacArthur Foundation (2013a, 2013b, 2014)—and ensure high model transferability (C#7). Nevertheless, to effectively use a model as a foundation or framing in this way, the scientific and practical usefulness of the future-oriented research overall (i.e., beyond the model) is arguably increased through the (explicit) specification of what the research framing consists of (i.e., model specifications; C#11.b). Also, to ensure the targeted quality outcome of practical and scientific usefulness, the model should preferably be appropriately tested (C#10), e.g., in a Delphi study with both academics and practitioners (Svensson-Hoglund et al., under review), which brings us to the center of Figure 5.

“(Novel) Practically Useful and Valid Contribution” (center of Figure 5) target all 11 MQCs (Table 1) across the three aspects. Although such a model may demonstrate high “utility” (Jaccard and Jacoby, 2020, p. 35), which all models should ideally aim for, the model case applications (Section 4.2) and the Practical MQCs Framework (Section 5.1) reveal that achieving such an all-encompassing quality profile is unrealistic. This is due to how, as discussed above, the three quality aspects might not always be compatible with one another, and some MQCs are contradictory, such as the inclusion of a detailed description of the knowledge contribution (A#1.b), the specification (C#11.b), as well as the modeling process (C#11.c–d), whilst also ensuring model accessibility (A#2 & B#4). Publication word limits may also constrain the extent of transparency that is possible to include in a publication, especially in combination with a detailed discussion on model applications. In addition, some models are intended to be quite general (i.e., have a more all-encompassing AEM scope), making it less relevant to specify which type of practitioner the model is useful for (B#3.b), or the specific conditions under which the scientific usefulness is applicable (A#1.b, based on C#11.b—model specifications). These tensions constitute fundamental challenges for researchers seeking to design rich, yet accessible models.

As it is improbable that a model could fully address all MQCs, the design and assessment of Fo-AEM-QM quality inevitably requires trade-offs, such as the choice between having a model that is detailed (i.e., valid) versus accessible (i.e., scientifically and especially practically useful). The center space of Figure 5 should therefore be regarded as emphasizing the three aspects to a varying degree. A model combining practical usefulness with scientific usefulness (green and blue; Figure 5) may settle on introducing a novel perspective of the AEM (i.e., weaker novelty; A#1.a) that is informative to practitioners (B#3.a), not develop the underlying AEM theory (i.e., stronger novelty; A#1.a)—all the while ensuring the appropriate validity to support such a claim. A model focusing on scientific usefulness and validity (green and yellow; Figure 5) is unlikely to have word space to thoroughly demonstrate practical usefulness; instead, the authors may choose to only lightly address practical usefulness by outlining a few sentences on “practical implications” in the conclusion section. On the other hand, a model with a quality profile emphasizing practical usefulness, combined with validity (blue and yellow; Figure 5), would, instead, devote a substantial portion of its content to the elaboration of the practical implications of the work, for instance, by discussing how policy frameworks and business strategies can be formulated to achieve specific objectives (see Bocken et al., 2016).

In summary, the quality aspect constellation of any F-AEM-QM (Figure 5) should be strategically considered, depending on the model developer’s goal and model purpose (i.e., the model’s quality profile), and communicated to model evaluators and users to set the right expectations. More research is needed on model quality profiles.

Overall, the 11 MQCs (Table 1), the Practical MQCs Framework (Figure 4), and the analysis of overlaps and quality profiles (Figure 5 and Section 5.2) advance existing knowledge by consolidating scattered quality considerations (Section 4.1) into comprehensive, structured, and purpose-driven quality guidance (cf. Mäki, 2005; Checkland, 1995; Gray, 2018). The considerations are specifically designed to address the complexities of future-oriented qualitative modeling of alternative economic models, systematically and strategically integrating scientific validity, scientific usefulness, and practical usefulness.

The limitations include the select literature review (Section 4.1) conducted by the authors based on relevance, which may have excluded other valuable quality guidance unknown to the authors that could enhance future-oriented qualitative models. Additionally, context-specific factors may affect the applicability of the proposed considerations. Furthermore, the framework’s focus on purposeful, strategic quality profiles might constrain exploratory or innovative modeling approaches that fall outside established considerations. Lastly, the potential for flexibility in quality emphasis, based on the model’s quality profile, particularly in future-oriented qualitative modeling (Figure 5), may complicate the use of the MQCs when a model may need to be disqualified, e.g., as being unworthy of belief, as it could invite grey zones and subjective judgment. Nevertheless, the MQCs, particularly the three aspects, provide a thoughtful and beneficial starting point. Further research is necessary to test, validate, and refine the considerations (Table 1) and frameworks (Figures 4, 5) presented. Future research is discussed below.




6 Conclusion

This paper set out to advance the quality, and thereby the use, of qualitative models in future- and sustainability-oriented AEM research, considering the quality guidance needs of both model developers and evaluators/users. The research question consisted of defining what “quality” means for Future-oriented Alternative Economic Models Qualitative Models (Fo-AEM-QM). This was accomplished by: (1) Defining three key aspects of qualitative model quality—scientific usefulness, practical usefulness, and scientific validity; (2) Introducing 11 Model Quality Considerations (MQCs) that act as a practical checklist and guidance tool for model developers and evaluators/users; (3) Outlining how the MQCs relate to one another and the implications for model developers and evaluators, captured in a Practical Framework for Fo-AEM-QM developers and evaluators (Section 5.1); (4) Emphasizing the need for model developers to strategically prioritize which quality aspects to emphasize depending on the model’s purpose, thereby promoting intentional and transparent modeling choices; and (5) Encouraging model evaluators to critically assess model quality using the MQCs, while recognizing the need for model developers’ to purposefully mange trade-offs and strategically prioritize quality outcomes, rather than expecting all quality criteria to be met.

Overall, this work advances the use of qualitative models in future- and sustainability-oriented Alternative Economic Models (Fo-AEM-QMs) research by providing practical, purpose-sensitive guidance for both model development and evaluation. This is crucial for making qualitative models more reliable and trustworthy for scientific and practical applications and guidance, such as policymaking, education and business development.

Future research should explore the implications of model quality as it depends (or not) on the model’s purpose or quality profile, such as for framing research scope versus illustrating research findings, as well as for theory-building versus practical usefulness. To this end, in addition to testing the MQCs on diverse types of qualitative AEM models to facilitate further refinement or adaptation and to ensure relevance of the MQC, future research should explore the role of Fo-AEM-QMs in AEM theory development and the implications for the MQCs. Finally, as model quality requires the formulation of a plan made up of concrete measures, we recommend the development of step-by-step modeling approaches in which the application of the MQCs may be systematically incorporated.
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