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A B S T R A C T   

Governance lies at the heart of instigating, steering, and creating the conditions for mission- 
oriented transitions that potentially help resolve some of our grand societal challenges. In 
doing so, policymakers will need to navigate both epistemic and normative considerations to 
develop, implement, and evaluate missions responsibly. A number of scholars have therefore 
expressed the need for a better conceptualization of responsible mission governance as a proce
dural approach, particularly with the aim of coping with the complexity, uncertainty, and contes
tation that render these wicked problems intractable. In this paper we develop an integrative 
framework for responsible mission governance by taking wickedness dimensions as our entry 
point. Accordingly, we argue that responsible mission governance should integrate various 
complementary governance responsibilities (e.g., reflexivity) and modes (e.g., reflexive gover
nance) that potentially improve the effectiveness and desirability of missions. We conclude by 
discussing urgent avenues for future research   

1. Introduction 

The past years have witnessed a renewed interest in mission-oriented innovation policy (MOIP) as a policy approach to address 
grand societal challenges like climate change, pandemics, and social injustice (Mazzucato, 2018). MOIP uses “an urgent strategic goal 
that requires transformative systems change directed towards overcoming a wicked problem” (Hekkert et al., 2020, p. 1). 

It is precisely the wickedness of societal challenges (Rittel and Webber, 1973) that poses a substantial ‘governability’ issue to 
policymakers (Jentoft and Chuenpagdee, 2009; Wanzenböck et al., 2020). In developing policies, they need to navigate both epistemic 
considerations (e.g., pluralities of knowledges, experiences, insights) and normative considerations (e.g., pluralities of values, con
cerns, and principles such as equity, fairness, justice) in order to promote transformative change that is deemed both effective and 
desirable. 

In this context, the notion of mission governance largely refers to the processes that serve to develop, implement, and evaluate these 
policies, and which set the conditions that are conducive to transitions (Patterson et al., 2017). However, questions such as “who makes 
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decisions, what is considered a desirable future, and (even if we assume consensus) how do we get there[?]” remain unresolved 
(Patterson et al., 2017, p. 8). Simply ‘pulling’ or ‘pushing’ solutions into society without caution, deliberation, and ethical consid
eration risks inducing ‘failures’ and ‘dark sides’ of transitions (Blythe et al., 2018; Turnheim and Sovacool, 2020). In addition, 
transition governance at large has been criticized for under-appreciating normative issues (Kirchherr et al., 2023; Smith and Stirling, 
2010). These struggles raise the question of how missions can be governed more responsibly (Klerkx and Rose, 2020) by better coping 
with the core wickedness dimensions of the problems they intend to address (i.e., complexity, uncertainty, and contestation; Janssen 
et al., 2021; Wanzenböck et al., 2020). 

Such questions are important because these mutually reinforcing wickedness dimensions render problems intractable – that is to 
say, incomprehensible and unmanageable – and commonly lead to ineffective and irresponsible outcomes (Head, 2019; Mueller et al., 
2023; Snowden and Rancati, 2021). Because missions target wicked problems, policymakers are in need of novel mission governance 
frameworks that help them more responsibly cope with wickedness when developing, implementing, and evaluating missions (Hekkert 
et al., 2020). 

This paper aims to address the need for such a framework. In what follows, we will use complexity, uncertainty, and contestation – 
three broadly recognized wickedness dimensions – as our entry points for the development of an integrative framework for responsible 
mission governance. We do so by linking existing governance responsibilities (e.g., inclusion) and governance modes (e.g., partici
patory governance) with these dimensions to help policymakers better cope with wickedness, and to subsequently benefit the effec
tiveness and desirability of missions (Section 2). Hereafter, in Section 3, we argue in favor of integrating these responsibilities and 
modes for mission governance, after which we discuss what this could mean in the multi-level context of missions (Section 4). In 
Section 5, we apply and reflect upon our framework through an illustrative vignette. Lastly, Section 6 proceeds by discussing important 
avenues for future research before we end with concluding remarks in Section 7. 

2. Procedural approaches to coping with wickedness: governance responsibilities and modes 

So-called ‘transformative’ or ‘transformer’ missions target societal challenges that require fundamental socio-technical, institu
tional, and behavioral transformations of our society (Hekkert et al., 2020; Wanzenböck et al., 2020; Wittmann et al., 2021). They 
prioritize bold, clear, and ambitious goals to evoke cross-boundary and distributed responses (Mazzucato, 2018) and aim to set the 
conditions that potentially bring about relatively open-ended and non-linear transitions (Köhler et al., 2019). The European Com
mission has already developed and implemented five of such missions, which collectively represent investments of over a 100 billion 
Euros (European Commission, 2022). Many countries such as Japan, the United Kingdom, and The Netherlands have similarly 
launched their own transformer missions (Larrue, 2021). 

Missions and the associated formulations and strategies are social constructs that are co-produced across policy, science, and so
ciety, and which inscribe performative visions about the future world (Wiarda et al., 2023a). Mission governance will need to mobilize 
and coordinate stakeholders to successfully develop, implement, and evaluate missions (Janssen et al., 2021). In such efforts, it is 
important to pay attention to “the structures, processes, rules and traditions that determine how people in society make decisions and 
share power, exercises responsibility and ensure accountability” (Patterson et al., 2017, p. 3). 

An increased awareness has emerged that the transitions encouraged by mission governance are not value-neutral (Kok and Klerkx, 
2023). The associated mission strategies come with strong normative visions of what future societies should look like, even if this 
normativity is not widely shared by society. As with any attempt to deliberately drive transformative change, pursuing missions may 
lead to potential transition failures, disruptions, and ‘dark sides’ (Blythe et al., 2018; Geels and Schot, 2007; Turnheim and Sovacool, 
2020) and risks generating maladaptive outcomes that reinforce, redistribute, and create vulnerabilities across communities (Blythe 
et al., 2018; Eriksen et al., 2021; Lennon, 2017). For instance, while policy-supported solutions like solar panels play a crucial role for 
the energy transition, resources required for their production tend to be mined by people from low-income countries who suffer from 
poor working conditions (Zehner, 2012). Transitions are moreover associated with creative destruction (Schumpeter, 1934), power 
shifts (Morrison et al., 2017), and labor shifts (Sharma and Banerjee, 2021). Blythe et al. (2018) subsequently ask: “who gains and 
loses, who has agency and who decides about the trajectory, rate and scale of changes?” (p.1218). Similarly, scholars have expressed 
ethical concerns and advocate for fair and just transitions (Moglia et al., 2021; Wang and Lo, 2021; Yalew et al., 2021). For example, 
the abovementioned illustration about solar panels underlines the need for explicit attention to distributive justice, that is to say, 
whether (un)desirable impacts of missions are shared fairly among stakeholders, and according to whose perspective. These questions 
are both of ethical and instrumental nature as the success of missions depends on the trust, legitimacy, input, and broad support from 
stakeholders (Elzinga et al., 2023). 

Many undesirable and unintended consequences of challenge-led policies are the result of the persistent complexity, uncertainty, and 
contestation associated with wicked problems, and which subsequently give rise to intractability (Farrell and Hooker, 2013; Ferraro 
et al., 2015; Head, 2022, 2019; Wanzenböck et al., 2020). Although intractability is neither a wickedness dimension nor a synonym for 
wickedness,1 it is an important consequence of the three wickedness dimensions and therefore requires explicit consideration (Head, 
2022). 

To understand how policymakers can better cope with complexity, uncertainty, contestation, and intractability, it is important to 
make a distinction between substantive and procedural forms of governance (Head, 2022; Head and Xiang, 2016). Substantive 

1 We recognize that problems can be intractable without being wicked. For instance, relatively tame problems that are characterised by high 
degrees of complexity, but low degrees of uncertainty and contestation. 
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governance generally focusses on outcome-driven policies, whereas procedural governance centres around the underlying and 
continuous processes that lead up to the development, implementation, and evaluation of policies (Bali et al., 2021). Substantive 
governance has been heavily criticized in the wicked problems literature because it tends to merely cure a problem’s symptoms 
without addressing the deeper interrelated constellation of problems (e.g., Churchman, 1967; Dery, 1984; Head and Xiang, 2016; 
Hoppe, 2011; Termeer et al., 2019). In contrast, procedural governance, as a way of ‘working with’ wicked problems, requires pol
icymakers to “enter into a deep, mutual understanding of the untamed aspects of the problem” before defining substantive outcomes 
(Churchman, 1967, p. 142; Head and Xiang, 2016). Accordingly, Wanzenböck et al. (2020) emphasize this importance in their plea for 
a process-oriented view on mission governance, stating that “to find effective solutions for ill-defined societal challenges, more dy
namic, and flexible [policy] approaches are needed” (p.484). 

In what follows, we will use complexity, uncertainty, and contestation and the resulting intractability as our entry points for the 
conceptualization of responsible mission governance as a procedural approach (c.f., Bali et al., 2021; Head and Xiang, 2016). The 
emphasis of this framework lays on helping policymakers ‘cope with’ or ‘work with’ wickedness more responsibly when governing 
missions that are directed toward wicked problems – that is to say, to govern missions in greater accordance with stakeholder values 
and worldviews. After discussing how a given wickedness dimension problematizes mission governance, we will argue which 
particular governance responsibility is most pertinent (i.e., inclusion, anticipation, reflexivity, and responsiveness). This points at the 
relevance of at least four existing governance modes suitable for addressing these governance responsibilities (i.e., participatory, 
anticipatory, reflexive, and tentative governance, respectively). These modes stem from distinct fields of research that specifically 
incorporate the aforementioned responsibilities into governance, but which have not yet been combined into an integrative framework 
for addressing wicked problems. These four governance modes partly overlap (e.g., in how they are enacted), and therefore may also be 
relevant for responsibilities other than the one they were developed for. For each governance mode, we will provide 
implementation-related suggestions and research avenues. 

2.1. Managing complexity with participatory governance 

The complexity of wicked problems stems from their multitude of dimensions, actors, and scales that are constantly changing 
(Wanzenböck et al., 2020). In contrast to complicated problems, complex problems impose an everlasting knowledge deficiency on 
policymakers regarding the problem’s intricacies (Stirling, 2010). Wickedness obscures the division of problems and solutions, as 
solutions both solve and create problems (Kuk et al., 2023). Agricultural innovations, for example, have both significantly benefited 
food production and affordability, while simultaneously giving rise to challenges like soil contamination, air pollution, deforestation, 
and the mutation and spread of infectious diseases. Problems emerge, interact, and co-evolve, and require interventions and coor
dination across multiple levels of governance (e.g., subnational, national, and supranational; Wanzenböck and Frenken, 2020; Wiarda 
and Doorn, 2023). This may include interventions across the niche, regime, and landscape levels (Geels, 2002) and draws attention to 
possible policy coordination failures (Weber and Rohracher, 2012). A major challenge to mission governance is the idea that missions 
are usually implemented within specific geographical borders while complex ‘grand societal challenges’ tend to surpass these (Coenen 
et al., 2015). What is more, wicked problems are so-called ‘problems of many hands’ (Van de Poel et al., 2012) in which “no actor is in 
control, but everyone is implicated, has agency and therefore is responsible” (Macnaghten et al., 2014, p. 195). Such a collective re
sponsibility, however, does not necessarily imply an equally shared responsibility (Muttitt and Kartha, 2020; Young, 2002). 

Coping with complexity calls for inclusive approaches because knowledge, moral judgement, and agency are distributed among 
stakeholders (Ferraro et al., 2015; Head, 2008). Participatory, collaborative, network, and polycentric governance modes are all 
relevant because they focus on identifying and leveraging stakeholder values and worldviews (Ansell and Gash, 2008; Morrison et al., 
2017; Newig and Fritsch, 2009; Sørensen and Torfing, 2009). In practice, these governance modes may take forms of consultation or 
participation (Rowe and Frewer, 2005). There are various normative, substantive, and instrumental rationales that motivate why 
addressing complexity requires mission governance to open up to a more diverse set of stakeholders, such as citizens, (mini-)publics, 
and civil society organizations (Stirling, 2008; Wiarda et al., 2023b). For instance, these stakeholders can provide lived experiences 
and contextual insights in relation to the problem’s local manifestation and the potential solutions’ implementation, all of which will 
benefit the social robustness of mission strategies and outcomes (Nowotny, 2003). In the context of mission governance, such social 
robustness refers to the extent to which decisions “are congruent with, or authentically embody, societally deliberated, publicly 
reasoned values, knowledges, and meanings” (Stirling, 2008, p. 272). In addition, the lack of knowledge that comes with complexity 
provides that conventional science-based policies are inadequate, and therefore require a greater epistemological breadth (Head, 
2019). Policymakers need to draw from other ways-of-knowing to make more inclusive and informed decisions by, for instance, 
drawing from local, cross-cultural, and cross-disciplinary knowledges (Balanzó et al., 2023). Some scholars have nevertheless argued 
that transition strategies commonly exclude certain epistemological frames (Cameron et al., 2015). What is more, while missions act as 
so-called boundary objects by presumably mobilizing stakeholders into a shared direction (Janssen et al., 2023a, 2023b), recent 
findings suggest that missions do not necessarily mobilize a more diverse set of stakeholders than conventional policies (Wiarda et al., 
2023b). While participatory governance helps cope with complexity, this modes also come with limitations. For example, participatory 
modes are resource-consuming and may slow down decision-making processes despite the urgency of complex problems (Bommel 
et al., 2009). Unintended consequences of participatory governance may be caused by unequal stakeholder representation or rein
forced power structures. As Turnhout et al. (2020) put it: “the outcomes of participatory interventions can even be paradoxical, 
reinforcing the problems that they intended to solve but now sanctioned or legitimized by the participatory process” (p.15). 

Having such pitfalls in mind, the literature on participatory governance underlines the need for a more inclusive mission gover
nance to cope with complexity (Rabadjieva and Terstriep, 2021). Future research should examine who is included and excluded in 
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mission-oriented innovation. The inclusion of non-governmental stakeholders can take place in so-called ‘invited spaces’ like mission 
arenas (Wesseling and Meijerhof, 2023), deliberate forums (e.g., citizens’ juries; Rowe and Frewer, 2000), and hybrid forums (Callon 
et al., 2009), all of which could help democratize mission-oriented transitions. A relational and systemic view on such participatory 
spaces could even reveal their interrelated nature and how they co-produce stakeholder involvement in mission-oriented innovation 
systems at large (Chilvers et al., 2018). Policymakers may also leverage certain actors, like intermediaries and platform orchestrators, 
to promote stakeholder inclusion (Ritala, 2023; Wiarda et al., 2023b). The role of such actors in missions has largely been neglected. 
Participatory governance furthermore calls for a better understanding of multi-level mission governance, and how actors on various 
levels (e.g. national and sub-national) are represented, coordinated, and included in missions. Scholars have argued in favor of the 
subsidiarity principle to take decisions as close as possible to the citizen (Wanzenböck and Frenken, 2020). It is unclear, however, what 
the role of local forms of innovation are in the context of missions. Relevant forms include, but are not limited to, grassroots innovation 
(Seyfang and Smith, 2007), open innovation (Chesbrough, 2003), participatory innovation (Buur and Matthews, 2008), and 
user-driven innovation (von Hippel, 2005). In contrast, research could also reveal how specific closing mechanism (e.g., framings) and 
power imbalances serve to exclude certain stakeholders or may lead to forms of tokenism (Arnstein, 1969). Incumbents may, for 
example, leverage institutional strategies to exclude entrepreneurs and ‘keep missions on a leash’ (Smink et al., 2015). 

2.2. Exploring uncertainty through anticipatory governance 

Wicked problems and their solutions carry with them aleatoric, epistemic, and normative uncertainties that problematize mission 
governance (Head, 2008; Olsson, 2007; Wanzenböck et al., 2020). While problems and solutions may be prone to the statistical 
randomness that comes with aleatoric uncertainty (i.e., uncertainty related to the physical nature of some processes or phenomena), it 
is the nature of the latter two uncertainties that causes wickedness. Epistemic uncertainty refers to the unknowns that policymakers 
face in their ways of understanding problems and solutions. It describes the difficulty of obtaining ‘objective’ knowledge, commonly of 
scientific or technical character. Epistemic uncertainty implies that policymakers cannot predict future mission impacts, their severity 
or their likelihood (Hansson, 2009). For instance, it is impossible to predict the socio-ecological repercussions that climate geo
engineering might have, despite its potential for mission attainment (Pidgeon et al., 2013; Vaughan and Lenton, 2011). In addition, 
policymakers will need to account for (future) gaps in institutionalized norms and rules that will help guide and safeguard the social 
acceptability of mission-oriented innovations and their associated impacts. Such institutional voids (Hajer, 2003) foreshadow the 
normative uncertainty that “there is not one unequivocal right or wrong answer to an ethical question regarding risk” (Taebi et al., 
2020, p. 2). Normative uncertainty thus describes the difficulty of foreseeing what subjective, commonly value-based, considerations 
will be of importance in the future. Epistemic and normative uncertainties also interact. For example, they give rise to forms of 
economic uncertainty – the uncertainty of whether solutions will be technically and economically viable in light of future supply and 
demand. Given these uncertainties, policymakers face a dilemma on a transition scale, similar to that of the Collingridge dilemma 
(Collingridge, 1980; Genus and Stirling, 2018). The Collingridge dilemma conventionally describes how innovators are faced with 
great uncertainties in early phases of development, when their innovations are still malleable, before these become too rigid and too 
socially embedded to control once innovators have more certainties in later phases of development. A similar phenomenon takes place 
for mission governance as policymakers face high degrees of uncertainty in early transition phases when they can still control the 
development of mission formulation and strategies. In later transition phases, however, they may have a greater understanding of the 
implications of their missions, while mission governance itself becomes more problematic due to lock-ins (Arthur, 1989; Unruh, 2000), 
path dependencies (David, 1995), and convergence in the problem-solution space (Wanzenböck et al., 2020). 

Dealing with uncertainty requires forms of anticipation in which policymakers have to move beyond risk-based governance by also 
exploring uncertainties, ambiguities, and unknowns to yield a greater degree of preparedness (Hansson, 2009; Hoffmann-Riem and 
Wynne, 2002; Stilgoe et al., 2013; Stirling, 2010). Such an exploration includes paying attention to how stakeholders are affected in 
different ways and to different extents. Policymakers may yield this preparedness through forms of anticipatory governance (Guston, 
2014; Nelson et al., 2021), revealing pluralities of possible, probable, and desirable futures (Börjesona et al., 2006). Anticipatory 
mission governance recognizes the multitude of performative expectations (Truffer et al., 2008), visions (Grin and Grunwald, 2000) 
and imaginaries (Wiarda et al., 2023a) that draw attention to both hard (i.e. quantitative) and soft (i.e., qualitative) impacts (van der 
Burg, 2009). These ideas about the future are implicitly or explicitly embedded in scenarios (Robinson, 2009; Selin, 2011), technology 
roadmaps (Kostoff and Schaller, 2001), narratives (Roßmann, 2021), and even science fiction (Stahl et al., 2014) and have discursive 
and performative power. Their influence on present developments warrants forms of constructive (Schot and Rip, 1997), real-time 
(Guston and Sarewitz, 2002), and participatory technology assessments (Kaplan et al., 2021) that could help shape 
mission-oriented transitions in accordance with the values and worldviews of stakeholders. 

In light of the importance of anticipatory mission governance, a better understanding is needed of how possible, probable, and 
desirable impacts of missions are defined, foreseen, and evaluated under high degrees of uncertainty. We wonder what ideas about 
mission futures are deemed valid and are taken up in mission strategies, and what ideas are excluded instead. In particular, we need 
insights into how missions and intended outcomes are defined as the ‘right’ outcomes, given the plurality of (evolving) visions for the 
future that stakeholders hold. Scholars also argue for a greater focus on alternative, more desirable, transition scenarios (Klerkx and 
Rose, 2020). 

2.3. Embracing contestation with reflexive governance 

Wicked problems and potential solutions are contested because society is inherently pluralistic, while problems and solutions can 
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be explained, framed, prioritized, and tended to in myriads of ways (Rittel and Webber, 1973; Wanzenböck et al., 2020). Missions 
likewise suffer from interpretative flexibility (Janssen et al., 2023a, 2023b) and can meet the preferences of one stakeholder while 
opposing those of others (Pesch and Vermaas, 2020). Value change (Van de Poel et al., 2022), value pluralism (Anderson, 1993), and 
value conflicts (Friedman et al., 2006) exacerbate contestation in the problem-solution space, commonly leading to unsound responses 
by policymakers (Wanzenböck et al., 2020; Wiarda et al., 2023a). Mission governance can therefore not assume and expect consensus, 
but “thrives on the need to identify and work with diversity, dissension and conflicting worldviews” (Schot and Steinmueller, 2018, p. 
1564). Policymakers may draw from constructive approaches that aim to create mutual understanding (Cuppen, 2012; Ligtvoet et al., 
2016). While this is helpful, wicked problems are to some extent irreconcilably contested because disagreement tends to be rooted in 
fundamentally opposing values and worldviews. As a result, policymakers will have to make decisions, knowing that they will not meet 
everyone’s preferences (Popa et al., 2021; Scott, 2021). Such wicked circumstances raise questions of what decisions are deemed fair, 
just, and responsible. Insights from fields like Science and Technology Studies and Ethics of Technology underscore that there is not a 
one-size-fits-all answer to these matters, and that such principles will need to be carefully considered in each context. 

To deal with contestation, reflexive governance is needed to promote collective sensemaking because policymakers rarely “know 
best” or “act best” when governing missions (Garud and Gehman, 2012; Kirchherr et al., 2023, p. 4; Voß and Bornemann, 2011). They 
can stimulate both first and second-order reflexive learning by “holding up a mirror” to become aware of their own values and 
worldviews and that these are not universally held (Stilgoe et al., 2013, p. 1571). First-order reflexivity refers to learning “within 
boundaries of a value system and background theories” (Van de Poel and Zwart, 2010, p. 180). For instance, policymakers may learn 
what mission strategy formulations and associated problem-solution configurations help achieve missions most effectively. First-order 
reflexivity may also refer to the continuous monitoring and evaluation of missions (Penna et al., 2023; Weber and Rohracher, 2012). In 
second-order reflexive learning, however, underlying assumptions and values are to be challenged (Schuurbiers, 2011). For example, 
policymakers may reflect on what type of values and epistemologies are reflected in missions, formulations, and strategies. As a result, 
reflexivity failures could be prevented through the consideration of a broader set of problem understandings and solution pathways 
(Weber and Rohracher, 2012; Wesseling and Meijerhof, 2023). 

To reflexively govern missions under contestation, future research should answer questions such as: how can policymakers identify, 
describe, and compare divergent views on problem-solution configurations (Wanzenböck et al., 2020)?; how should conflicting ideas 
surrounding these missions be navigated and reflected upon (Wiarda et al., 2023a)?; how do policymakers make sure that they do not 
exclude viable alternative problem-solution configurations (Wesseling and Meijerhof, 2023)?; and what approaches enable them to 
reflect on missions and mission-oriented transitions (Coenen et al., 2023)? We may also ask how mission governance promotes 
collaborative, organizational, interactive, and social (un)learning (van Mierlo and Beers, 2020) and challenges the status quo (Elzinga 
et al., 2023). Undeniably, dealing with contestation draws attention to the politics of missions (Janssen et al., 2021), and to how 
frameworks on fairness, justice and responsibility fit in. 

2.4. Responding to intractability with tentative governance 

Complexity, uncertainty, and contestation make wicked problems intractable1 (Head, 2022). As discussed, we do not view this 
incomprehensibility and unmanageability as a wicked dimension, but rather as a culmination of the other wickedness dimensions. 
Intractability strongly relates to how situated stakeholders, like policymakers, experience wickedness in their daily work and how they 
“cannot find meta-positions overlooking or unifying perspectives” (Termeer et al., 2019, p. 175). Intractability commonly leads to 
‘non-decisions’ because of impasses (Inghelbrecht et al., 2014), ‘analysis paralysis’ (Conklin, 2012), negligence (Norgrove, 2021), or 
incumbent strategies that justify business-as-usual (Blythe et al., 2018; Smink et al., 2015). In some cases, this inaction may exacerbate 
wickedness because it can be seen as favouring the demands of certain stakeholders while disregarding those of others. Moreover, 
transformative action may be hampered by constraints in their political, social, and legal feasibility. Even if policymakers are 
responsive, they are facing path-dependencies (David, 1995) and lock-ins that limit agency and create inertia (Arthur, 1989; Unruh, 
2000). Policymakers also run the risk of generating misaligned (te Kulve and Rip, 2011), illegitimate (Mena and Palazzo, 2012), 
maladaptive (Magnan et al., 2016), and ‘irresponsible’ outcomes (Von Schomberg, 2013) in case they inadequately navigate or un
soundly respond to stakeholder values and worldviews (Head, 2019). This is particularly the case once wicked problems are treated as 
‘tame’ (Rittel and Webber, 1973) and when societal concerns are neglected in the pursuit of ‘purely’ science-based interventions 
(Head, 2019). 

Scholars hint that mission governance requires continuous interventions (Jentoft and Chuenpagdee, 2009) that aim to ‘manage’, 
‘resolve’, and ‘cope with’ wickedness (Head and Xiang, 2016; Xiang, 2013). This procedural perspective is important because wicked 
problems do not have a ‘stopping rule’ and are continuously changing (Rittel and Webber, 1973). Despite the impression that mission 
goals can give, there is no moment in which problems can unambiguous be viewed as ‘solved’ by stakeholders. A significant part of 
governance can therefore better focus on the procedures that help incrementally align policies with society (Metze et al., 2023). Hence, 
Janssen et al. (2021) portray MOIPs as embedded and evolving coordination devices. Mission governance needs to respond to insights 
that emerge from aforementioned participatory, anticipatory, and reflexive governance to obtain “a capacity to change shape or di
rection in response to stakeholder and public values and changing circumstances … while recognizing the insufficiency of knowledge 
and control” (Stilgoe et al., 2013, p. 1572). Mission governance thus resonates with the notions of tentative and adaptive governance 
(c.f., Fisher, 2019; Folke et al., 2005; Kuhlmann et al., 2019) because transformative policies like MOIP embody “a strategy of in
cremental change with a [long-term] transformative agenda” (Patterson et al., 2017, p. 4). It centers around experimentation and 
probing and is therefore “a process which is alive and changing as additional learning takes place”(Gilmore and Camillus, 1996, p. 
878). Tentative governance can draw from strategic niche management (Kemp et al., 1998) and small wins (Bours et al., 2021; Termeer 
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and Dewulf, 2019) to incrementally promote, assess, and steer mission-oriented transitions while learning from stakeholder values and 
changing circumstances. 

While such a responsiveness is needed to address wicked problems, it is argued to be a substantially overlooked form of re
sponsibility (Pellizzoni, 2004). We do not yet fully understand how mission governance can foster path-creation (Karnøe and Garud, 
2001) to escape lock-ins (Unruh, 2000), path-dependencies (Arthur, 1989; David, 1995), and so on. The notion of responsiveness also 
raises questions about how mission governance responds to diverse interests (Janssen et al., 2021), fosters alignment (Grillitsch et al., 
2019; Metze et al., 2023), and can promote convergence in light of contestation (Janssen et al., 2023a, 2023b; Wanzenböck et al., 
2020). Disagreements likely require policymakers to draw from both constructive and agonistic approaches, with the former approach 
focusing on bridging stakeholder values through mutual understanding, and with the latter approach intended to make difficult de
cisions under irreconcilable disagreements (Ligtvoet et al., 2016; Popa et al., 2021). Alternatively, governance could promote multiple 
pathways that are responsive to a plurality of values and worldviews (Scoones et al., 2015). Such an approach nevertheless runs the 
risk of inviting policy coordination failures across localities and governance levels (Weber and Rohracher, 2012). 

3. Towards responsible mission governance: an integrative framework 

Up to now, we have discussed how wickedness dimensions, or challenges, require governance to embody certain responsibilities (e. 
g., uncertainty demands for forms of anticipation). We have also discussed several governance modes that are dedicated to incor
porating these responsibilities (e.g., anticipatory governance promotes anticipation). Table 1 synthesizes these linkages into an 
integrative framework, also including which outcomes can result from implementing the various governance modes. 

As the governance modes largely originate from different debates, little attention has been paid to how they might complement 
each other. One of the few exceptions is Kivimaa (2022), who discusses how forms of inclusion are helpful in formulating and 
co-creating visions for the future. Participatory governance thus contributes to anticipatory governance, as pluralistic input helps 
formulate more inclusive visions for the future. Upon closer inspection, most governance modes have the potential of contributing to 
multiple wickedness challenges. Table 2 provides an overview of how these modes help to address the wickedness dimension they are 
originally most associated with (on the diagonal), as well as how they can be relevant for dealing with the other wickedness challenges. 

What is more, for truly wicked problems, the complexity, uncertainty, contestation, and subsequent intractability reinforce each 
other substantially. For instance, complexity implies that causalities between problems, solutions, and impacts are difficult – if not 
impossible – to foresee, which hence gives rise to uncertainties (Renn et al., 2011). Contestation may follow because stakeholders can 
disagree on what levels of these uncertainties are deemed acceptable (Taebi et al., 2020). Such illustrative dynamics highlight that 
wickedness dimensions interact, and that the meaningfulness of a single governance responsibility and governance mode is limited. As 
a result, policymakers will need to integrate various complementary responsibilities and modes to create a more comprehensive and 
responsible form of mission governance that is able to meaningfully cope with wickedness dimensions. Although there are abundant 
studies that implicitly demonstrate that such integration is needed, only rarely are these explicitly combined. Klerkx and Rose (2020) 
make a similar, but implicit, plea as they argue that “until we articulate inclusive visions of the future, it is difficult to start to anticipate 
what the impacts of the [mission-oriented] transition will be, and how they can be made more responsible” (p.5). Taking such claims 
seriously, we draw inspiration from Stilgoe et al. (2013) by suggesting that responsible mission governance entails an integrative and 
procedural approach to developing, implementing, and evaluating missions that potentially conduce transitions. It embodies the re
sponsibilities of inclusion, anticipation, reflexivity, and responsiveness as a form of mission stewardship to help address wicked 
problems without disregarding stakeholder values and worldviews. This can be done through the integration of the four governance 
modes that we have discussed, but we recognize that there are other, yet similar, governance modes that may also do this. We suggest 
that the responsible mission governance framework could contribute to more desirable transitions, potentially safeguarding principles 
of fairness, justice, and equity. 

4. Responsible mission governance in a multi-level context 

In practice, responsible mission governance takes place in a multi-level and multi-scalar context. However, the ways in which 
missions can be governed responsibly across such levels has largely been neglected (Uyarra et al., 2023). On the one hand, re
sponsibilities and authorities are distributed vertically, across multiple levels of (existing) governance structures (i.e., subnational, 
national, and supranational; Hooghe and Marks, 2003; Uyarra, 2024; Wanzenböck and Frenken, 2020). On the other hand, wicked 
problems emerge, evolve, and interact across various scales (Wiarda and Doorn, 2023). 

Table 1 
An integrative framework for responsible mission governance.  

An integrative framework for responsible mission governance 

Challenges Responsibilities Modes Outcomes 

Complexity Inclusion Participatory governance Social robustness 
Uncertainty Anticipation Anticipatory governance Preparedness 
Contestation Reflexivity Reflexive governance Awareness 

Intractability Responsiveness Tentative governance Alignment  
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It is commonly assumed that wicked problems are best dealt with on high governance levels where economies of scale, comple
mentarities, and vast resources can be found (Uyarra et al., 2023). Nevertheless, high-level, scalable, and standardized approaches 
generally neglect and obscure context-specific considerations (Pfotenhauer et al., 2022). Regions embody unique values, worldviews, 
and other considerations, while simultaneously “challenges do not present themselves as the same for every region or nation, as 
underlying problems affect places in different ways and to different extents” (Wanzenböck and Frenken, 2020, p. 56). Subsequently, 
there is an increasing awareness of the importance of addressing wicked problems in context-specific ways (Brett et al., 2023; Flanagan 
et al., 2021; Wanzenböck and Frenken, 2020; Wiarda and Doorn, 2023). For example, drawing on the small wins framework (Termeer 
and Dewulf, 2019), Bours et al. (2021) observe the importance of ‘small’ bottom-up initiatives for missions that address ‘grand’ societal 
challenges. 

Despite the importance of a context-specific implementation of missions, the formulation of missions tends to occur at high- 
governance levels (Reid et al., 2023). To foster top/down integration, responsible mission governance will need to formulate mis
sions that can be translated in alignment with a region’s local context (Coenen et al., 2015; Uyarra, 2024). Responsible mission 
governance may do so by leveraging the boundary object characteristic of missions (Janssen et al., 2023a, 2023b). This means 
formulating missions that are “plastic enough to adapt to local needs …, yet robust enough to maintain a common identity across sites.” 
(Star and Griesemer, 1989, p. 393). Such missions thus promote cross-level translation, communication, and collaboration because 
they can be viewed and implemented in context-specific ways. 

A possible pitfall for place-based approaches to missions is a vertical coordination failure, in which efforts across governance levels 
are misaligned. For example, strategic high-level debates may not reflect the normative considerations of local settings (Brett et al., 
2023). Responsible mission governance could remedy this challenge by reflecting on cross-level relationships to promote synergies. 
Approaches to responsible mission governance (e.g., deliberations) should therefore be applied and compared across different 
governance levels to implement multi-level responsibilities in mission-oriented innovation systems (Fisher and Rip, 2013; Wiarda and 
Doorn, 2023). 

In other words, responsible mission governance requires the integration of participatory, anticipatory, reflexive, and tentative 
modes across levels of governance to respond to stakeholder values and worldviews, without losing sight of lower/higher level 
governance efforts. 

5. Applying the responsible mission governance framework: a vignette 

The responsible mission governance framework introduced in Table 1 is the result of reviewing and integrating different strands of 
literature. While largely conceptual in nature, this analytical work was conducted in the context of various missions that were 
implemented by the Dutch government. In what follows, Section 4 uses a vignette to illustrate how the framework was implemented 
and tested in one of these missions. 

We will first describe the mission context in which this implementation took place, namely, the Dutch mission ‘Circular con
struction by 2050′ (Section 5.1). We proceed in Section 5.2 by elaborating how we applied the responsible mission governance 
framework in this context via a so-called ‘mission-oriented transition assessment’ (MOTA). The focus of the vignette lays on describing 
how governance responsibilities and modes were implemented in practice. The development of the MOTA approach and the case- 
specific insights have been reported elsewhere (Coenen et al., 2023). Lastly, we provide a brief reflection on the framework’s 
implementation, and discuss some of its key strengths and challenges (Section 5.3). 

5.1. The mission ‘Circular construction by 2050′ 

In 2016, the Dutch government launched the mission Nederland circulair in 2050 (in English: Circular Dutch economy by 2050; 
Ministerie van Infrastructuur en Waterstaat, 2016). The mission strategy outlined the mission’s boundaries in scope and time, a 
portfolio of related projects and strategies, an overview of presumably relevant stakeholders, and an envisioned participatory 
governance approach through a so-called ‘Transition Team’. The strategy report, in which the formal mission was presented, explained 

Table 2 
Possible complementarities between governance modes in addressing challenges of wicked problems.   

Responsible mission governance  

Participatory governance Anticipatory governance Reflexive governance Tentative governance 

Complexity Reaps distributed knowledge, moral 
judgement, and agency through 
inclusion 

Envisions alternative futures 
that account for complexity 

Challenges assumptions and 
biases 

Experiments with and learns from 
complexity for socially robust 
outcomes 

Uncertainty Yields pluralistic ideas about the 
future 

Identifies various futures 
through anticipation 

Unveils alternative, but 
possible, scenarios 

Mitigates and prepares for future 
scenarios as they are envisioned 

Contestation Generates conflicting values and 
worldviews 

Yields opposing ideas about 
the future 

Creates awareness of 
disagreement through 
reflexivity 

Adjusts efforts in response to 
contestation 

Intractability Opens up decision-making Informs about consequences 
of possible decisions 

Helps take in meta-positions 
for overlooking perspectives 

Responds to insights despite the 
insufficiency of knowledge and 
control  
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that: “The idea of the circular economy as a fully closed system is a mobilizing ideal image. The use of primary raw materials and the 
creation of residual streams can probably never be completely avoided” (Ministerie van Infrastructuur en Waterstaat, 2016, p. 13). 

As part of this circular economy mission, four priority domains and corresponding sub-missions were introduced. One of these 
domains includes construction for which the Transition Team Circular Construction advanced the sub-mission ’Circular construction 
by 2050′ in 2018 (Transitieteam Bouw, 2018). The associated strategy report stated that the construction sector should procure 100 % 
circular in 2023; reduce its use of virgin resources by 50 % in 2030; ‘work circular’ while reducing its CO2 emissions by 49 % in 2030; 
and ‘be circular’ in 2050. The transition agendas published in 2018 formed the starting point for the formal transition efforts. While 
these overarching agendas were primarily shaped at a national level, the goals and strategies were adopted and operationalized by 
several public bodies such as municipalities and provinces. 

One of the public bodies that is subjected to the mission is Rijkswaterstaat – the executive agency of the Ministry of Infrastructure 
and Water Management in the Netherlands – and is primarily responsible for the construction and maintenance of infrastructure in the 
Netherlands. In response to the circular economy mission, Rijkswaterstaat launched various research projects. One of these aimed to 
provide insights about how to govern and manage a transition that is required for achieving the stated goals. The responsible mission 
governance framework was illustrated and tested as part of this project. 

5.2. Implementing the framework with a mission-oriented transition assessment 

Based on our responsible mission governance framework, the MOTA approach was developed specifically as a means to help govern 
mission-oriented transitions through reflexive and anticipatory deliberations with stakeholders. The approach aims to provide 
decision-makers with insights that emerge from collective reflections on missions, mission strategies, and on transitions that these 
missions may conduce, ultimately with the goal of yielding a greater responsiveness to heterogeneous stakeholder values and 
worldviews. Coenen et al. (2023) defined MOTA as “a collective appraisal of current and future socio-technical changes to inform 
stakeholders, particularly policymakers, on how to govern missions” (p.1). MOTA is thus largely procedural by nature, and aspires to 
bring stakeholders together to jointly reflect on missions and anticipate associated futures (e.g., potential impacts and transition 
barriers). There are a wide variety of ways in which such deliberations can be structured, but in this context we used socio-technical 
mission scenarios as our objects of reflection. These scenarios were developed on the basis of two recent studies on the Dutch circular 
construction mission, conducted by Coenen et al. (2022) and Bours et al. (2022). One scenario contained a strong centralized 
governance approach, while the other scenario presumed a decentralized approach. Each scenario was written in such a way that they 
emphasized the wickedness of the mission’s problem-solution space. 

The MOTA was conducted in April 2023. The two scenarios were introduced in half-day long focus groups with 17 stakeholders 
linked to the construction mission, including government representatives, researchers, market parties, and consultancies. Two dis
cussion rounds were held, with each round consisting of four discussion groups. In the first discussion round, each group reflected on 
one of the two scenarios. The discussions focused on identifying possible implications of mission scenarios for the stakeholders 
themselves, and how they could cope with the potential challenges that are associated with these implications. The groups were 
subsequently reshuffled for the second discussion round in which both scenarios were compared, and stakeholders were asked to 
collectively lay out their views on the most desirable short term (0–3 years), medium term (3–10 years), and long term (10+ years) 
transition steps. The groups were also asked who they deem responsible for these next transition steps. 

At the end of the workshop, the discussion outcomes of all groups were compared in one single plenary session. This session 
moreover discussed the validity and usefulness of the MOTA exercise. Stakeholders were also asked to provide their feedback through 
an anonymous survey. 

5.3. A brief reflection 

Although the vignette above does not serve as a robust analysis, it does illustrate how anticipatory and reflexive deliberations with 
a diverse set of stakeholders can help integrate mission governance responsibilities and modes as presented in Table 1. Besides 
reflecting on those responsibilities (R) and modes (M), we also address the outcomes (O) they engendered. 

MOTA centres around stakeholder deliberations (R: inclusion; M: participatory governance) to appraise missions and mission 
strategies (R: reflexivity; M: reflexive governance) and to explore possible futures, for example impacts and transitions barriers (R: 
anticipation; M: anticipatory governance). Although, unsurprisingly, the MOTA did not result in consensus on the problem definition 
and the most desirable solution pathway, it did help converge this problem-solution space, and resulted in several concrete to-be-taken 
actions (O: social robustness; O: awareness). For instance, many groups concluded that standardization efforts are needed to 
harmonize the notion of circularity before investments can be made and radical actions can be taken. The discussions also helped 
identify various current and future transition barriers (O: preparedness; O: awareness). 

However, the MOTA also revealed some serious challenges. In bringing stakeholders together, we tried to assemble a diverse set of 
stakeholder representatives. It proved difficult to include civil society organizations and NGOs because very few of them were 
interested or able to partake in the MOTA exercise. As a result, not all stakeholders were represented (R: inclusion; M: participatory 
governance). 

In addition, discussions revealed conflicting visions for the transition, with different ideas emerging regarding who should bear 
certain responsibilities, who holds power, and what political views are most helpful in the context of the mission. These discussions 
also demonstrated how minority views were occasionally regarded as irrelevant or irrational by others, hence disregarding certain 
perspectives and underlying values. This dynamic suggests that the act of stakeholder inclusion, and especially the act of reflection, 
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requires more than then the mere inclusion of stakeholders in the physical sense (R: reflexivity; M: reflexive governance). 
Stakeholder groups were asked to plan desirable transition steps for the short, medium, and long term. In doing so, the participants 

often claimed to take a back-casting approach by using the mission goal as an entry point. However, high degrees of uncertainty nearly 
always forced them to start this planning process with short term actions, demonstrating how difficult it is for stakeholders to foresee 
futures (R: anticipation; M: anticipatory governance). 

Perhaps most crucial of all, although insights were provided to Rijkswaterstaat, it is unclear if, and to what extent, the insights of 
the MOTA-based dialogues are taken up by policymakers. This raises serious questions about whether participatory, anticipatory, and 
reflexive forms of governance actually feed into tentative actions that aim to align missions with stakeholder values and worldviews (R: 
responsiveness; M: tentative governance). 

6. Proposing a research agenda for responsible mission governance 

Our framework for responsible mission governance opens up new directions for future research (Table 3). While the governance 
challenges, responsibilities, modes, and outcomes are extensively taken up in academia and even form dedicated research fields on 
themselves, their integrated application and validity in the context of mission governance requires further investigation because 
responsible mission governance certainly come with challenges as illustrated by our vignette on the Dutch ‘Circular construction by 
2050′ mission. 

For example, we speculate that there may be a tension between the urgency of wicked problems (Lazarus, 2009; Levin et al., 2012) 
and the time-consuming nature of participatory governance (Wang and Lo, 2021) and reflexive governance (Steen, 2021). Partici
patory governance may furthermore obscure the division of moral labor, potentially leading to organized irresponsibility (Beck, 1992). 
Understanding such tensions requires empirical research that studies integrative forms of responsible mission governance in practice. 

A number of (emerging) approaches offer a promising point of departure. For instance, Sustainability Foresight (Truffer et al., 2008; 
Voß et al., 2006), MOTA (Coenen et al., 2023), and the TransMission approach (Simons et al., 2023) deploy anticipatory and reflexive 
deliberations that can inform policymakers on how to govern (mission-oriented) transitions. Our MOTA, as illustrated above, provided 
various valuable insights that stakeholders believe should be taken up by policymakers. However, it remains unclear to what extent 
this has actually been the case. In accordance with our framework, we therefore ask whether such approaches to responsible mission 
governance contribute to more effective and desirable outcomes. More generally, we ask who is included and excluded in mission 
governance?; how are pluralities of mission outcomes foreseen, defined, and evaluated?; how do policymakers deal with contested 
problem understandings and solution pathways?; and how should policymakers respond to new and conflicting insights? 

Table 3 
A research agenda for responsible mission governance.  

Challenges Premises Research questions 

Complexity Dealing with complexity requires participatory mission 
governance to explore stakeholder values and worldviews for 
socially robust outcomes.  

• Who is included and excluded in mission-oriented 
innovation?  

• How do deliberate forums and hybrid spaces (e.g., mission 
arenas) help democratize mission-oriented transitions?  

• How are closing mechanisms and power imbalances used to 
exclude stakeholders? 

Uncertainty Uncertainty warrants anticipatory mission governance to 
identify, manage, and prepare for (un)desirable impacts.  

• How are possible, probable, and desirable impacts of 
missions defined, foreseen, and evaluated?  

• How do utopian and dystopian visions of the future 
influence transitions in the present? 

Contestation Contestation calls for reflexive mission governance to yield 
awareness of stakeholder values and worldviews and to identify 
viable alternative problem understandings and solution 
pathways.  

• How can policymakers identify, compare, and describe 
divergent views on problem-solution configurations?  

• How should conflicting ideas surrounding missions be 
navigated and reflected upon?  

• How do policymakers ensure that they do not exclude any 
viable alternative problem-solution configurations?  

• What approaches enable policymakers to reflect on their 
own values and worldviews? 

Intractability Intractability demands for tentative mission governance to 
respond to participatory, anticipatory, and reflexive governance 
insights.  

• How can policymakers align and converge values and 
worldviews of stakeholders?  

• How can policymakers foster collective action while leaving 
room for polycentric responses that are sensitive to 
localities of ‘grand societal challenges’?  

• How are undesirable impacts prevented, mitigated, and/or 
adapted to? 

How to integrate governance 
responsibilities and 
modes? 

Combined forms of participatory, anticipatory, reflexive, and 
tentative governance are necessary to cope with wickedness 
responsibly.  

• How do governance responsibilities and modes interact?  
• What approaches/instruments integrate the various mission 

governance responsibilities and modes?  
• What are the roles of anticipatory and reflexive 

deliberations in mission-oriented transitions?  
• How can responsible mission governance by different 

authorities be coordinated in a multi-level context?  
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We would also like to stress the non-exclusive and non-exhaustive nature of the proposed framework. For example, while 
participatory governance may help cope with complexity, there are other governance modes that are likewise helpful for this chal
lenge, such as collaborative and network governance (Ansell and Gash, 2008; Sørensen and Torfing, 2009). Our framework is therefore 
not meant as a rigid conceptualization, but rather as a guiding frame that emphasizes the underlying governance responsibilities that 
are needed to address wickedness challenges, e.g., the responsibility of ‘inclusion’ needed to deal with the challenge of ‘complexity’. 
Future contributions could also identify additional governance challenges, responsibilities, modes, and outcomes improve the effec
tiveness and desirability of mission governance. For instance, backwards-looking forms of responsibility, like transparency, may 
arguably lead to more accountable and trustworthy decision-making and could therefore be an interesting point of departure. 
Follow-up research could also consider the need for certain capabilities and institutions in promoting responsible mission governance. 
Authors have argued that the effectiveness of missions largely dependent on the government’s ability to develop certain capabilities, e. 
g., bottom-up engagement to “leave enough space for contestation and adaptability” in developing, implementing, and evaluating 
missions (Kattel and Mazzucato, 2018, p. 797). To what extent these capabilities can be developed requires more insights in, for 
instance, the possibilities and constraints found in the policy system in which policymakers operate (Braams et al., 2021). 

7. Concluding remarks 

In this paper, we have discussed how the uptake of MOIP, as a procedural means to address wicked problems, calls for an explicit 
scrutiny of governance responsibilities and governance modes that are needed to better cope with the complexity, uncertainty, 
contestation, and the subsequent intractability associated with these wicked problems. Although we used wickedness as our entry 
point, we coupled insights from various other traditions, notably sustainability transitions, innovation policy, and responsible inno
vation for the conceptualization of our framework. This framework was primarily designed to promote more desirable transitions. In 
addition to developing and briefly illustrating this provisional and integrative framework, we have provided a research agenda with 
the aim of opening up the debate on responsible mission governance. We advocate future research on the validity and usefulness of our 
work because this may prevent the common pitfall of assuming that novel approaches like ours can meaningfully address wicked 
problems (Termeer et al., 2019). We also draw attention to the non-exclusive and non-exhaustive nature of our framework, as other 
dimensions may be of importance as well. For example, the role of backward-looking forms of responsibility like transparency could be 
a promising point of departure. In addition, developing appropriate capabilities and institutions could support responsible mission 
governance. To conclude, we call for a better understanding of responsible mission governance, in particular of the governance 
challenges, responsibilities, modes, and outcomes that are relevant for promoting more effective and desirable missions. 
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Flanagan, K., Uyarra, E., Wanzenböck, I., 2021. Towards a problem-oriented regional industrial policy: possibilities for public intervention in framing, valuation and 

market creation. Reg. Stud. 
Folke, C., Hahn, T., Olsson, P., Norberg, J., 2005. Adaptive governance of social-ecological systems. Annu. Rev. Environ. Resour. 30, 441–473. https://doi.org/ 

10.1146/annurev.energy.30.050504.144511. 
Friedman, B., Kahn Jr., P.H., Borning, A., 2006. Value sensitive design and information systems: three case studies. In: Zhang, P., Galetta, D. (Eds.), Human-Computer 

Interaction and Management Information Systems: Foundations. M.E. Sharpe, Inc, New York.  
Garud, R., Gehman, J., 2012. Metatheoretical perspectives on sustainability journeys: evolutionary, relational and durational. Res. Policy 41, 980–995. https://doi. 

org/10.1016/j.respol.2011.07.009. 
Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes: a multi-level perspective and a case-study. Res. Policy 31, 1257–1274. 
Geels, F.W., Schot, J., 2007. Typology of sociotechnical transition pathways. Res. Policy 36, 399–417. https://doi.org/10.1016/j.respol.2007.01.003. 
Genus, A., Stirling, A., 2018. Collingridge and the dilemma of control: towards responsible and accountable innovation. Res. Policy 47, 61–69. https://doi.org/ 

10.1016/j.respol.2017.09.012. 
Gilmore, W.S., Camillus, J.C., 1996. Do your planning processes meet the reality test? Long Range Plann. 29, 869–879. https://doi.org/10.1016/S0024-6301(97) 

82824-5. 
Grillitsch, M., Hansen, T., Coenen, L., Miörner, J., Moodysson, J., 2019. Innovation policy for system-wide transformation: the case of strategic innovation 

programmes (SIPs) in Sweden. Res. Policy 48, 1048–1061. https://doi.org/10.1016/j.respol.2018.10.004. 
Grin, J., Grunwald, A., 2000. Vision Assessment: Shaping Technology in 21st Century Society. Springer. 
Guston, D.H., 2014. Understanding “anticipatory governance. Soc. Stud. Sci. 44, 218–242. https://doi.org/10.1177/0306312713508669. 
Guston, D.H., Sarewitz, D., 2002. Real-time technology assessment. Technol. Soc. 24, 93–109. https://doi.org/10.1016/S0160-791X(01)00047-1. 
Hajer, M., 2003. Policy without polity? Policy analysis and the institutional void. Policy Sci. 36, 175–195. https://doi.org/10.1023/A:1024834510939. 
Hansson, S.O., 2009. From the casino to the jungle: dealing with uncertainty in technological risk management. Synthese 168, 423–432. https://doi.org/10.1007/ 

s11229-008-9444-1. 
Head, B.W., 2022. Wicked Problems in Public policy: Understanding and Responding to Complex Challenges. Wicked Problems in Public Policy. 
Head, B.W., 2019. Forty years of wicked problems literature : forging closer links to policy studies. Policy Soc. 38, 180–197. https://doi.org/10.1080/ 

14494035.2018.1488797. 
Head, B.W., 2008. Wicked problems in public policy. Public Policy 3, 101–118. 
Head, B.W., Xiang, W., 2016. Landscape and Urban Planning Why is an APT approach to wicked problems important? Landsc. Urban Plan. 154, 4–7. https://doi.org/ 

10.1016/j.landurbplan.2016.03.018. 

M. Wiarda et al.                                                                                                                                                                                                       

https://doi.org/10.1080/14494035.2021.1965379
https://doi.org/10.1080/14494035.2021.1965379
https://doi.org/10.2307/143601
https://doi.org/10.1111/anti.12405
https://doi.org/10.1002/eet.526
https://doi.org/10.1002/eet.526
https://doi.org/10.1016/j.futures.2005.12.002
https://doi.org/10.1016/j.futures.2005.12.002
https://doi.org/10.1080/09654313.2021.1980502
https://doi.org/10.1016/j.eist.2021.04.004
https://doi.org/10.1016/j.eist.2021.04.004
https://doi.org/10.1093/scipol/scad010
https://doi.org/10.1142/S1363919608001996
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0016
https://doi.org/10.1080/00045608.2014.973006
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0018
https://doi.org/10.1016/j.erss.2018.03.020
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0020
https://doi.org/10.1111/gec3.12231
https://doi.org/10.1111/gec3.12231
https://doi.org/10.1080/01446193.2022.2151024
https://doi.org/10.1080/01446193.2022.2151024
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0024
https://doi.org/10.1201/b13086-7
https://doi.org/10.1007/s11077-011-9141-7
https://doi.org/10.1007/s11077-011-9141-7
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0027
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0028
https://doi.org/10.1016/j.eist.2023.100745
https://doi.org/10.1016/j.worlddev.2020.105383
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0031
https://doi.org/10.1016/j.destud.2013.05.001
https://doi.org/10.1177/0170840614563742
https://doi.org/10.1177/0170840614563742
https://doi.org/10.1016/j.respol.2019.01.010
https://doi.org/10.1016/j.respol.2019.01.010
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0035
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0035
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0036
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0036
https://doi.org/10.1146/annurev.energy.30.050504.144511
https://doi.org/10.1146/annurev.energy.30.050504.144511
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0038
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0038
https://doi.org/10.1016/j.respol.2011.07.009
https://doi.org/10.1016/j.respol.2011.07.009
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0040
https://doi.org/10.1016/j.respol.2007.01.003
https://doi.org/10.1016/j.respol.2017.09.012
https://doi.org/10.1016/j.respol.2017.09.012
https://doi.org/10.1016/S0024-6301(97)82824-5
https://doi.org/10.1016/S0024-6301(97)82824-5
https://doi.org/10.1016/j.respol.2018.10.004
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0045
https://doi.org/10.1177/0306312713508669
https://doi.org/10.1016/S0160-791X(01)00047-1
https://doi.org/10.1023/A:1024834510939
https://doi.org/10.1007/s11229-008-9444-1
https://doi.org/10.1007/s11229-008-9444-1
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0050
https://doi.org/10.1080/14494035.2018.1488797
https://doi.org/10.1080/14494035.2018.1488797
http://refhub.elsevier.com/S2210-4224(24)00011-X/sbref0052
https://doi.org/10.1016/j.landurbplan.2016.03.018
https://doi.org/10.1016/j.landurbplan.2016.03.018


Environmental Innovation and Societal Transitions 50 (2024) 100820

12

Hekkert, M.P., Janssen, M.J., Wesseling, J.H., Negro, S.O., 2020. Mission-oriented innovation systems. Environ. Innov. Soc. Trans. 34, 76–79. https://doi.org/ 
10.1016/j.eist.2019.11.011. 

Hoffmann-Riem, H., Wynne, B., 2002. In risk assessment, one has to admit ignorance. Nature 416, 123. https://doi.org/10.1038/416123a. 
Hooghe, L., Marks, G., 2003. Unraveling the central state, but how? Types of multi-level governance. Am. Polit. Sci. Rev. 97, 61–71. https://doi.org/10.4324/ 

9781315254234-12. 
Hoppe, R., 2011. The Governance of Problems: Puzzling, Powering and Participation. Policy Press, Bristol.  
Inghelbrecht, L., Dessein, J., Van Huylenbroeck, G., 2014. The non-GM crop regime in the EU: how do Industries deal with this wicked problem? NJAS - Wageningen 

J. Life Sci. 70, 103–112. https://doi.org/10.1016/j.njas.2014.02.002. 
Janssen, M.J., Torrens, J., Wesseling, J.H., 2021. The promises and premises of mission-oriented innovation policy - a reflection and ways forward. Sci. Public Policy. 

https://doi.org/10.1093/scipol/scaa072. 
Janssen, M.J., Wesseling, J., Torrens, J., Weber, M., Penna, C., Klerkx, L., 2023a. Missions as boundary objects for transformative change: understanding coordination 

across policy, research and stakeholder communities. Sci. Public Policy 00, 1–18. 
Janssen, M.J., Wesseling, J.H., Torrens, J., Weber, K.M., Penna, C., Klerkx, L., 2023b. Mission as a boundary objects for transformative change: understanding 

coordination across policy, research, and stakeholder communities. Sci. Public Policy scac080.  
Jentoft, S., Chuenpagdee, R., 2009. Fisheries and coastal governance as a wicked problem. Mar. Policy 33, 553–560. https://doi.org/10.1016/j.marpol.2008.12.002. 
Kaplan, L.R., Farooque, M., Sarewitz, D., Tomblin, D., 2021. Designing participatory technology assessments: a reflexive method for advancing the public role in 

science policy decision-making. Technol. Forecast. Soc. Change 171, 120974. https://doi.org/10.1016/j.techfore.2021.120974. 
Karnøe, P., Garud, R., 2001. Path creation as a process of mindful deviation. In: Garud, R., Karnøe, P. (Eds.), Path Dependence and Creation. Lawrence Earlbaum 

Associates. 
Kattel, R., Mazzucato, M., 2018. Mission-oriented innovation policy and dynamic capabilities in the public sector. Ind. Corp. Chang. 27, 787–801. https://doi.org/ 

10.1093/icc/dty032. 
Kemp, R., Schot, J., Hoogma, R., 1998. Regime shifts to sustainability through processes of niche formation : the approach of strategic niche management. Technol. 

Anal. Strateg. Manag. 10, 175–198. https://doi.org/10.1080/09537329808524310. 
Kirchherr, J., Hartley, K., Tukker, A., 2023. Missions and mission-oriented innovation policy for sustainability : a review and critical reflection. Environ. Innov. Soc. 

Trans. 47, 100721 https://doi.org/10.1016/j.eist.2023.100721. 
Kivimaa, P., 2022. Transforming innovation policy in the context of global security. Environ. Innov. Soc. Trans. 43, 55–61. https://doi.org/10.1016/j. 

eist.2022.03.005. 
Klerkx, L., Rose, D., 2020. Dealing with the game-changing technologies of Agriculture 4.0: how do we manage diversity and responsibility in food system transition 

pathways? Glob. Food Sec. 24, 100347 https://doi.org/10.1016/j.gfs.2019.100347. 
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