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Abstract 

Systems such as energy, food, and mobility are currently organized in unsustainable modes of 

production and consumption, with negative consequences on social justice and planetary health. 

Disruptive and systemic innovations are required, beyond solely improving technologies or 

financial instruments, to address wicked and complex societal and environmental challenges. 

Transformative innovation policy (TIP) is a new generation of innovation policy that promises to 

enable just transitions in these socio-technical systems. The promise is to be able to tackle 

wicked problems and polycrisis of inequities, social injustices, environmental degradations, and 

accelerated impacts of climate change through new policymaking approaches that support, 

nurture, and scale transformative socio-technical innovations.. [**AU: Edit OK?**Yes, thanks. 

I have further shortened it]We review emerging TIP literature to discuss key elements in TIP 

design and implementation, such as experiment, monitoring, and learning through formative 

evaluation; codesigning a systemic theory of change; enhancing policy capabilities; building 

knowledge infrastructure; and empowering communities of practice. Two cases in Spain and 

Indonesia illustrate key aspects of the TIP method. Our major contribution lies [**AU: 

delete?** YES, fine]in articulating what an alternative innovation policy could look like to 

mitigate transformational failures observed in current system change efforts and explore how 

directionalities such as being democratic, elevating decolonial sensibilities, enhancing well-

being, and navigating futures can make innovation policies more transformative. Policymakers 

must adopt new ways of thinking and acting on persistent challenges, beyond the traditional way 

of setting social and climate targets at the beginning of policy process and a summative policy 

evaluation at the very end. TIPs of the future should incorporate multiple directionalities 

negotiated among diverse actors and knowledge systems and by learning from failure in context-

sensitive ways.[**AU: Edit OK?** YES, thanks] 

[**AU: PLEASE ADD CALLOUTS TO FIGURES 1 AND 2 AND TABLE 1 IN TEXT 

WHERE APPROPRIATE (E.G., “(FIGURE 1)”** DONE] 

1. INTRODUCTION 

Transformative innovation policy (TIP) represents a new generation of innovation policy that 
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promises to tackle persistent unsustainability in modern societies, manifested through economic 

inequities, social injustices, environmental degradations, and accelerated impacts of climate 

change (1). Historical approaches to policy and governance of innovation have focused primarily 

on investments in research and development (R&D) and setting up national systems of 

innovation (NSI) focused on building state and entrepreneurial innovation capabilities. The 

emerging field of TIP provides a more purposive and inclusive approach to innovation that could 

harness innovation’s potential in tackling the “polycrisis” (2), the intertwined and causally 

entangled challenges of inequalities, loss of biodiversity, marginalization of communities, and 

major disturbances in peace and harmony of societies across the globe[**AU: Edit OK?**Yes, 

thanks] (3, 4). The new approach to innovation policy foregrounds the need and process of 

changing entire systems of food, energy, mobility, education, and healthcare, as transformations 

toward sustainability require “fundamental changes in structural, functional, relational, and 

cognitive aspects of socio-technical-ecological systems” (5[**AU: Please provide page 

number for quote**Page 2]). The mechanism of such change involves supporting acceleration 

of sustainable socio-technical innovations and shifting away from incumbent unsustainable 

systems such as fossil fuel–dependent energy and car-centric mobility (6). The key premise is 

that to transform unsustainable systems, innovation policy must embrace transformative 

approaches to policymaking, including systems thinking, experimental policy engagements 

(EPE), and formative evaluation (FE), as well as enhancing policy capabilities, building 

knowledge infrastructures (KIs) and empowering CoPs (each elaborated in Section 3 of this 

article) (7–9). 

Innovation: an alternative configuration of new technologies, new actors, and new rules that is 

emerging through protection from markets and through policy and must be mainstreamed to 

replace or reconfigure existing and unsustainable socio-technical systems 

Experimental policy engagements (EPE): organized and transdisciplinary learning experience, 

bounded in time and directed to enhancing policy impact potential for transformative system 

change through an engaged policy process.  

Formative evaluation (FE): real-time, inclusive, flexible, and reflexive monitoring aimed at 

improving the definition, design, and implementation of an innovation policy intervention 

through generating both first- and second-order learning  

Knowledge infrastructure (KI): sensemaking platforms that contain specific assets (e.g., 

reading materials, tools, physical and virtual meeting, exchange and collaboration spaces), aimed 

toward individual and collective capacity building for specific purposes (e.g., justice, 

sustainability, regional development) and translated into actions, synthesizing diverse 

knowledgeknowledge domains 
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Despite its strong foundation in science, technology and innovation (STI) studies and 

sustainability transitions theory, policymakers and practitioners face severe challenges in 

designing and implementing TIP in the real-world contexts.[**AU: Edit OK?** I have made it 

simpler] Several policy paradoxes underpin this challenge, such as conflicting interests in policy 

and politics, science- -driven, evidence-informed actions with potential unintended 

consequences, and transition tensions between low-carbon transition pathways and social justice 

(10, 11). Although TIP’s key focus is supporting innovation with directionality, the emerging 

literature holds gaps in elucidating which directionalities are nonnegotiable and which 

conceptual and methodological tools might help TIP to embrace these directionalities. “Being 

democratic” is a key directionality of TIP, but more research is needed on how experimental 

policy engagements (EPEs), which are so central to the TIP method, could democratize 

innovations. Decoloniality, well-being, and desired futures are other directionalities implicit in 

TIP literature that require unpacking in and through TIP implementation methods; for example, 

could second-order learning (a key aspect of FE) elevate decolonial sensibilities, to avoid 

perpetuating colonial trends of extractive and exclusionary pathways to economic growth and 

industrial modernity (12)? Furthermore, how can processes such as experimentation, learning, 

and capability development, which are central to TIP, deliver holistic well-being and navigate 

plurality and contestation over desired futures? [**AU: Edit OK?**Yes thanks]These four 

directionalities, namely, being democratic, elevating decolonial sensibilities, enhancing holistic 

well-being, and navigating desired futures, are pertinent to guide transformative change through 

innovation policy.[**AU: Edit OK?** Yes thanks] Our key contribution is to highlight three 

major areas of conceptual and methodological gaps, namely, societal engagement, context 

sensitivity, and epistemic justice (see Section 4). By considering the directionalities upfront and 

deeply engaging with them, future research on TIP can address these gaps through paying more 

attention to the intentions, purposes and impact of various processes, outcomes, and in creating 

long-term enabling conditions for system change. 

Decoloniality: a transformative approach that centers on valuing diverse, marginalized ways of 

knowing and dismantling colonial legacies through relationality, humility, and ethical action 

Second-order learning: a process that challenges and alters underlying collective assumptions, 

beliefs, and values and ultimately leads to changes in shared routines and practices, reframing 

both knowing what and knowing how, and enhancing cognitive and behavioral flexibility 

Section 2 explains the rationale of TIP in the context of innovation policy’s different 
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framings and roles throughout history, especially how TIP sits in the wider family of missions, 

challenge-driven innovation policy, and Responsible Research and Innovation (RRI). The eight 

subsections in Section 3 describe the core of TIP theory and analytical framework, comprising 

key methods, processes, and enablers of TIP. Section 4 introduces four key directionalities of 

TIP discussing what a democratic, decolonial, well-being, and contested desirable futures–

oriented TIP could look like. Section 5 highlights key challenges and methodological gaps and 

explains how these challenges encountered in TIP design and implementation can be sufficiently 

addressed through paying sincere attention to the directionalities. We draw conclusions and 

suggest summary points and future issues in Sections 6, 7, and 8, respectively. 

2. TIP: STATE OF THE ART 

The literature on TIP has evolved rapidly in the past seven years (since 2018), advancing the 

theory through applications in diverse empirical contexts on one hand (see 13–15) and through 

critiques on the other (see 16, 17). Reviewing the history of STI policy since World War II, 

Schot & Steinmueller (3[**AU: Please add page number for quote**Page 1554]), in their 

seminal paper, argued that “it is time to articulate more forcefully and to experiment in practice 

with a framing for science, technology and innovation policy that emphasizes socio-technical 

system change.” This framing is proposed to mitigate the challenges observed in frame 1 

(innovation for growth) and frame 2 (NSI), such as linear understanding of universal welfare 

driven by growth or the role of the nation-state in human capability development.[**AU: Edit 

OK?** I would keep the full form “national systems of innovation”here. Rest is OK] In 

framing 1, innovation policies incentivize curiosity-led scientific research and technology 

development through R&D investments and offer regulatory instruments for fixing market 

failures in the process of commercialization of technologies. This framing pays little attention to 

“innovation from below” and other “varieties of innovation” (18) and could exacerbates 

inequalities between socioeconomic groups and between countries with varying R&D capacities 

and infrastructures. Since the 1980s, NSIs have dominated the innovation policy debate—which 

is considered as the second frame—emphasizing the nation-states’ important role in investing in 

organizational capabilities and entrepreneurship for global competitive advantage and supporting 

wider societal diffusion of innovation for inclusive development (18a) [**AU: This reference is 
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not in the Lit. Cited. Please add there or remove from here.**Added as 18a, here as 

comment as well as in reference list]). Despite a stronger normative focus on improving 

economic and social welfare, frame 2 falls short [**AU: fails?**no, we meant ‘falls short’]in 

directly associating innovations to the polycrisis , which would require flexible, purposive and 

opportunity-driven approaches, beyond growth narratives, institutional change and top-down 

governance efforts dominated by the elite voices of scientific communities, businesses, and 

bureaucrats (18b, 19). 

Both R&D and NSI framings are still relevant because they propose essential processes and 

mechanisms of innovation but are insufficient in redirecting innovation toward the polycrisis 

facing the world today [**AU: Edit OK?** Yes thanks](2, 4). The emerging third frame do not 

discourage  stimulate R&D toward innovations with directionalities and building NSIs for green 

and inclusive growth, net-zero, and just transition missions. Innovation policy for transformative 

change is therefore more anticipatory and outward-looking, foregrounding the questions of 

innovation for what and whom; and negotiating corresponding choices on which innovations 

need nurturing. At the same time, the third framing is also processual: It proposes building new 

transition arenas [**AU: Is this a direct quote? If not, okay to remove quotations?** 

removed]for collaborative, inclusive, and reflexive processes of innovation (20). Given the 

complex problems in society and the environment, the key proposition is that innovations must 

do more than fix market failures and rely on nation-states to develop entrepreneurship 

capabilities (21). Greater emphasis must be placed on which innovations are desirable, 

accounting for unintended consequences and the dark side of innovation, as well as the nature of 

challenges in transforming societal systems through innovation (e.g., resistance by powerful 

actors in changing current systems of provision). Innovation policies for decarbonization and 

net-zero, which overlook entrenched relations of power and inequities embedded in the current 

energy system, are under-equipped to deliver long-term transformation. Here spatial inequalities 

are also important to consider: Socioeconomically vulnerable communities bear many of the 

costs of industrial development and digitization, through displacements due to land acquisitions, 

mineral extractions, destroyed local ecologies, and waste accumulation that is detrimental to their 

health and well-being [**AU: Edit OK?**Yes, looks great thanks](22). TIP highlights the 

importance of inclusivity in processes of innovation and across space and time. 

In terms of its core method, TIP embraces a systemic ToC (6) to show pathways for localized 
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transformations by achieving transformative outcomes (TOs) (15). These outcomes are 

conceptualized as leverage points for innovation policies to be transformative, building on 

research on sustainability transitions (6, 23–25). As an emerging policy paradigm, TIP embraces 

a societal policy agenda and a broad understanding of innovation as a multi-actor, multi-activity, 

and multimodal political process addressing uncertainties and contestations (26, 27). It is part of 

a family of emerging and complementary innovation policy paradigms, such as challenge-driven 

innovation policy (28), mission-oriented innovation policy (MoIP) (29, 30), and RRI policies 

(31, 32)—all advancing theories and practices of socially relevant, evidence-based, and ethical 

science technology and innovation policy. MoIP advocates for a government-led process that 

addresses social and environmental challenges by defining bold targets or missions (29, 30). RRI 

advocates for open, transparent, and responsive governance of science and technology 

development by deliberately addressing equitable access, involving multiple stakeholders in the 

innovation process, and nurturing a willingness to respond and adapt to changing knowledge and 

circumstances (31, 32). What distinguishes TIP is the emphasis on socio-technical system change 

through influencing niche–regime interaction dynamics and uncovering multiple transition 

pathways. TIPs can be mission oriented (see 33 for transformative mission-oriented policies) but 

emphasize  experimentation, learning, and community empowerment and measure 

transformative potential in systems through TOs. [**AU: Edit OK?** Yes fine thanks]TIP can 

also incorporate aspects of RRI through facilitating responsible knowledge coproduction in 

transdisciplinary spaces (34). 

TIP practitioners promote being intentional about selecting specific directions of 

transformative change (35). Diercks et al. (7[**AU: Please provide page number for quote** 

Page 884]; see also 36) recognize the normative turn in the innovation policy paradigm, 

suggesting that innovations need “strategic directionality and guid(ing) processes of 

transformative change towards desired societal objectives.” The literature  does not sufficiently 

unpack what is desired, by whom, and the unintended consequences of such strategies. Powerful 

policy and supply-side actors might give direction, which may not be desired by marginalised 

society and for the protection of the environment. Different actors across different policy 

processes in multiple stages of policy implementation influence the directions of TIP (36, 37). 

Penna et al. (27[**AU: Please provide page number for quote** Page 424]) explained that “a 

diversity of end-states and directionalities [may be present] to address a societal challenge,” and 
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there might be political conflicts in “defining directions, … [to answer] the question of “end-

state for whom?” Multiple directionalities and pathways are needed to address wicked problems 

under conditions of uncertainty. Others emphasize the need to include actors from the demand 

side of innovation processes such as users, communities and civil society actors in TIP, 

recognising directionalities will be contested among actors within and across each category 

[**AU: Please clarify end of quotation and add page number** I have removed 

quotes](36). Such inclusion of actors, knowledge, and contestations is central to democratic and 

decolonial processes, yet what it means to be truly democratic and decolonial is not discussed 

explicitly in the literature. Furthermore, scholars have emphasized the importance of focusing on 

enhancing human and environmental well-being consistent with achieving Sustainable 

Development Goals (SDGs) (38, 39), particularly in the Global South (40, 41). Sustainable and 

desirable futures is also contested and plural. TIP directionality is not about achieving the SDGs 

by any means but shaping and steering STI to create the conditions for achieving multiple SDGs 

in democratic and decolonial ways (42). The literature lacks detailed engagement with these 

directionalities. Haddad & Bergek (43[**AU: Please provide page number for quote**Page 

5) suggest that TIP evaluation frameworks so far have not adequately handled directionality”, 

i.e“which development paths the focal policy has supported and whether these are 

desirable/acceptable or not.” Diercks et al.[**AU: Reference 7? Please provide page number 

for quote** Yes it is reference 7, Page 892]) conclude, “What is now needed is a better 

understanding of the actual practices, struggles and implementation of the transformative 

innovation policy paradigm.” This is the core ambition of this article, through illustrating the 

cornerstones, macro-processes, key enablers and guiding directionalities of TIP (See Figure 1). 

Desirable futures: collectively envisioned futures in socio-technical configurations that reflect 

societal values and aspirations, guiding strategic action toward just, resilient outcomes while 

considering diverse perspectives and navigating uncertainties 

3. KEY CONSTITUENTS OF THE TIP METHOD 

In preparation for this review, a Web of Science search was conducted for “transformative 

innovation policy” in all fields. The result showed 70 publications (as of July 30, 2024[**AU: 

Correct?** Yes]), which were used as the starting points for this review. Furthermore, 

references and citations of key papers in the TIP literature (e.g., 3, 7, 8, 15, 43, 44) are used to 
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snowball the literature to build the arguments of this pragmatic review of the key constituents of 

the TIP method.[**AU: Edit OK?** Yes thanks] 

3.1. Experimentation in Policy 

Experimentation is a core method for designing and implementing TIP. EPEs, also known as 

engaged policy experimentation or, simply, policy experiments, are innovative arrangements 

through which policies can be designed, implemented, and evaluated to enable transformative 

change in society (27, 45, 46). The innovation lies in deep intent for “interventions in larger 

multi-actor transformation processes” beyond policy support for isolated projects, foregrounding 

collective learning as the way to resolve uncertainties[**AU: Please specify source/provide 

page number for quote** Its Page 2 in reference 15] (15, 47). EPE allows exploration of 

diverse solutions and alignments through negotiation and consensus building around collective 

and shared visions (48). Through EPE, TIP entrepreneurs apply design thinking and critically 

examine the evidence combining technical expertise withdemocratic participation, and creative 

imagination (49, 50). Building and maintaining mutual trust among all involved and openness to 

a variety of techniques and ideas and unfamiliarity are key to experimentation (14).[**AU: Edit 

OK?** I like the original better – please see new formulation of the sentence in my 

comment] 

Experimentation for TIP follows the ethos of tentative governance as “provisional, flexible, 

revisable, dynamic and open approaches” of policy design, implementation, and 

evaluation[**AU: Please clarify quotation marks and provide page number if necessary** 

reference 51, Page 1091] (51: pg 1091). The nonlinear and messy process discourages 

premature specification of policy solutions, which might later prove to be suboptimal in meeting 

climate and social objectives (52). This implies a modular approach in “safe enough spaces” 

(52a), where policy developments are not locked in prematurely but can be adjusted in light of 

new evidence of injustices, repercussions to previous actions, and external shocks. Such 

modularity is implicitly decolonial because it moves away from a technocratic imposition of 

universal practices and recognise that the many (the wider society) decides for the many (53). 

TIP EPE may begin with system mapping (see Section 3.3), envisioning desirable futures, 

and cocreating pathways to the future systems, translated into a localized transformative ToC 

(TToC). Policy experimentation can also be about creating portfolios or clusters of policies that 
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are individually piecemeal and ineffective yet, as a portfolio for shared and strategic agendas 

such as SDGs or smart specialization, can provide more transformative solutions (see 54 

for[**AU: the or a?** the. Added to the text] the policy portfolio in Sweden and 55 for shared 

agendas in Catalunya). Another type of experimentation could be about creating “transformative 

bundles” in which public and private finance are combined to create transformative investment 

(56). EPEs help review pre-existing assumptions such as what policies are for, who leads, and 

how policies are implemented and evaluated, thereby inviting scenarios in which practices can 

and should be modified to stretch transformative potential of policy interventions.. For TIP to be 

a widely accepted framing of innovation policy, experimental mindset within policy space must 

be institutionally embedded and anchored in conventional governance (see the sidebar Example 

1: The RIS3CAT 2030) (57, 57a). 

EXAMPLE 1: THE RIS3CAT 2030 

The RIS3CAT 2030 is part of the EU Cohesion Framework, promoting democratic, collaborative 

approaches to regional transformation. It prioritizes seven systemic changes, including 

sustainable food, energy, mobility, socio-health, industrial, educational, and cultural systems. 

Experimentation in RIS3CAT 2030 include engaging a wide range of stakeholders to create a 

shared future vision for addresses complex regional challenges 55). The RIS3CAT supports 

transformative innovation initiatives involving ecosystems of actors in the design and monitoring 

of solutions, grounded in a commitment to a greener, fairer future. At the heart of this approach 

are the Shared Agendas—portfolios of initiatives that respond to strategic challenges. They 

emphasize inclusive governance, continuous learning, and the cocreation of solutions, ensuring 

alignment with broader strategies like the EU’s innovation missions. The Shared Agendas are 

outstanding illustration of a democratic and transformative policy process, building trust and 

cooperation to achieve well-being and sustainable development across the Catalunya region. 

 

3.2. Formative evaluation in Policy with TOs 

Increasing complexity in addressing the polycrisis calls for new approaches to policy evaluation 

(57b). Both ex-ante and ex-post policy evaluation require new approaches that go beyond 

prescriptive and rigid planning, “anchored in a traditional, quantitative, and rationalistic model of 

evaluation” (54[**AU: Please provide page number for quote** Page  343]), toward more 

reflective, analytical approaches to support the STI policy (58). The FE methodology of TIP 

supports this new approach and offer tools for real-time evaluation throughout the policy cycle, 

encouraging continuous and constructive monitoring and “purposive learning” to gain insights 
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from the past and anticipated successes and failures (44). The necessity of reflexive learning is 

undeniable for effective policymaking, as it allows revision and adaptation of strategies 

throughout the process rather than ex post policy evaluation.[**AU: Edit OK?** lets keep ‘of 

strategies’, rest is okay] This shift from the traditional summative evaluation paradigm “sits 

uncomfortably with mainstream thinking” on policy evaluation (7, page 891). The central role is 

played by “reflective practitioners” (54, page 341), who are evaluators with  attitudes for 

innovation regarding what is possible and how to achieve what was viewed previously as 

unrealistic, idealistic, or infeasible (14). 

An experimental mindset in policy allows a “safe and respectful space” (14, page 586) for FE 

through openness to deliberation and continuous adjustments. FE is a major element in EPEs, 

where policy initiatives are assessed collectively for their potential to stretch in transformative 

directions. In geographically and time-bounded EPEs, FE includes (a) developing a TToC that 

includes detailed visualizations of inputs, assumptions, activities, outcomes, and outputs desired 

from TIP and (b) a constructive monitoring plan through detailed documentation of verbal and 

nonverbal cues of change in perspectives and mindsets, in a “participatory pluralistic process” of 

negotiation and interactions (44, 54, page 338). Building on this, Haddad & Bergek (43) called 

for a more comprehensive and integrated TIP evaluation that incorporates elements like defining 

a transition focus, developing a ToC, analyzing socio-technical change processes, identifying and 

revising causal mechanisms, and assessing the trajectory of change in relation to intended 

directions. Through participatory processes, localized TToCs specific to system and place are 

derived from generic transition theory. 

A set of TOs is proposed as a new analytical framework for evaluating TIP with ambitions to 

stretch the policy outcomes to be more transformative for the long term rather than measuring 

immediate impacts (15). Kivimaa et al. (13[**AU: Please provide page number for quote** 

page 681]) used TOs to show “how specific horizontal and cross-sectoral policy programmes 

may connect to TIP efforts with their strategic intent towards sustainability transitions and how 

such an intent can be assessed.” TOs act as references for evaluating “how one can tell whether 

the experiment has been successful” (58a, page 1) and “can be stretched for transformation 

purposes” thereby connecting policy intervention activities and the desired impact [**AU: 

Please provide page number for quote** Done, I have added a new reference 58a for the 

first quote, see comment and addition to reference list] (15, page 3). TOs has been applied in 
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EPEs on the Living Catchments Project in South Africa (59), the Swedish food mission (14), 

sustainable and inclusive water resource management in small-scale agriculture in Chile, the 

inclusion and empowering of lemon producers in Mexico (60) and circular economy in schools 

in Indonesia (60a) (illustrated in sidebar Example 2: The Mundane Circular Economy Policy 

Project). In these experiments, TOs act as boundary objects between theory and practice, because 

they help flexibly negotiate the meaning of transformation in various EPE contexts  (61). 

EXAMPLE 2: THE MUNDANE CIRCULAR ECONOMY POLICY PROJECT  

The Mundane Circular Economy Policy (MCEP) project in Indonesia focuses on integrating 

Circular Economy (CE) principles into schools. Principals act as change agents, translating CE 

principles like Rethink, Reduce, Reuse, Repair, and Recycle into everyday school practices. This 

experimental approach allows schools to test various circular practices and adjust them based on 

context, resources, and collective learning outcomes. MCEP’s modular framework fosters a 

flexible and adaptive environment where policies evolve with new evidence and stakeholder 

feedback. MCEP coproduced the Onion Ring Model of Transformative Pathways for Mundane 

Circular School Transition (60a). Tools like Multi-Criteria Mapping (MCM) and Transformative 

Outcomes (TOs) are employed to assess the impact and prioritize decisions. The project 

emphasizes continuous learning and real-time adjustments ensuring that policy outcomes are 

aligned with long-term sustainability goals. By embedding these TIP methods, MCEP promotes 

a practical and scalable approach to fostering a circular economy within educational institutions. 

3.3. Socio-Technical System Change 

An important ambition of TIP is to deliver socio-technical system change. Most real-world 

policies attempt to solve economic or structural issues and as a result are designed to optimise 

the current systems. Policies barely map the systemic nature of the societal and environmental 

problems and instead are often mission driven to support techno-fixes. EPEs allow system 

transformation, beyond optimization, into system redesign and (fundamental) system change  

mobilizing a generic ToC (14). 

As a first step in the transformation process, system mapping helps take stock of the state of 

the art of the existing system, through identifying actors and power relations, analysing problems 

and recognizing sources of resilience as well as vulnerabilties in each dimension of the socio-

technical system.. A socio-technical system map is a clear view of technologies, infrastructures, 

and materials,; actor networks; and expectations, values,  and routines (known as, rules) that 

drive actor choices and decisions. Therefore, system mapping involves identifying not only the 

prominent stakeholders, or just the variety of technologies and policies, but also connections and 
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alignments between rules across at least five system dimensions such as i. science and 

engineering, ii. Policy and governance, iii. industry, iv. Users and market, and v. nature and 

culture  (62, 23). 

A ToC shows the dynamic interaction between the dominant configuration of a system 

(regime) and its innovation alternatives (niches) in relation to external shocks and pressures 

(landscape). It considers rules that are resilient in existing regimes and hence difficult to change; 

recognizes promising alternative rules aligning with contextually relevant future visions; 

illustrates rules for preparedness for shocks , and pinpoint vulnerabilities existing in the system 

that can be leveraged for change.. [**AU: Please recast sentence for clarity. Particularly, to 

which list does d) refer?** Please see revisions]The process involves reflecting on whether 

innovations are locally relevant beyond “technology transfer from the global north to the global 

south”[**AU: Edit OK?**] (40, page 576), by inviting perspectives of local actors and co-

creating visions of desirable futures (63, 63a). In the case of e-waste policies in Ghana, actors 

include e-waste artisans and collectors, government agencies, international development partners 

and private actors, and nongovernmental organizations (NGOs) (37). Therefore, system mapping 

is, by design, a bottom-up participatory process that ensures that new systems include 

marginalized voices, and are changed in the right directions. 

The theory of system change shows that transformative innovations are not just technologies 

developed by scientists and engineers but also new, “deliberate,intentional social practices” (64: 

page 80, 27) that support, accelerate, and stabilize new behaviors, lifestyles, and norms. EPEs 

can also provide ways to coordinate between multiple existing regimes and influence the 

landscape trends, identifying policy intervention points (65) in the TToC. The process of 

changing systems is fruitful only if current systems are transformed into ones that are resilient to 

shocks, such as pandemics and heatwaves,  as well as just for all. 

3.4. Nurturing and Mainstreaming Niche Innovations 

Niche innovations can provide alternative technologies and rules with the potential to change 

systems, when and as required. A niche is typically a sociopolitical environment or ecosystem of 

actors and rules that is tolerant to new ideas and works as a protective space for nurturing 

innovations. R&D labs can provide this space for technological innovations, and NSIs can offer 

incentives to entrepreneurs to nurture their business efforts against competition from the 
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incumbents. Yet, building and mainstreaming alternative, transformative innovations for system 

change require more. Developing and nurturing a niche requires a broad and deep network of 

actors supporting the innovations; second-order learning among the actors, navigating diverse 

expectations of visionary actors; and active as well as passive shielding of the innovations from 

regime pressures.[**AU: Edit OK?**] EPEs can support these processes of strategic niche 

management (see 66). An EPE can be designed to establish trust and cooperation among niche 

actor networks who are engaged in technology design, new market creation, and end-user 

acceptance of technologies (67). The depth and breadth of such networks are important 

indicators of niche quality (68). High quality networks in EPE and FE process allow deep 

learning on what works and what doesn’t (i.e first order learning) as well as why things work in 

the way they do and what assumptions are underlying actions (i.e second order learning). [**AU: 

Please recast for clarity** I have now rewritten this sentence, Does this look better?]EPEs 

can further provide the space to navigate diverse expectations about new innovations and 

outcome possibilities, thereby fostering stronger and better alternatives and a common 

understanding of directionalities of transformation that “goes beyond the nation state” 

(69[**AU: Page number for quote?**page 4]). Actor networks, and governance processes can 

be rearranged through EPEs to shield a niche, e.g., political, financial, or institutional support for 

“local and community social initiatives” (64[**AU: Page number for quote?** page 82 ]). 

TIP scholars propose several processes for accelerating and mainstreaming niche 

innovations. [**AU: Is this a quotation? If so, please provide closing quotation mark and 

attribution**I have shortened the sentence and kept just the part that is needed]) (15, 45, 

66, 69). TOs for mainstreaming innovations involves upscaling, replicating, circulating, 

anchoring, and institutionalizing them (15, 58a). In EPEs, actor networks may devise strategies 

to increase adoption of the emergent system by new users (upscaling); recontextualize 

innovation from elsewhere through coordination between actors in multiple levels (replicating); 

scale out ideas from one context (64), transfer and rescale (70) ideas and learnings in another 

(circulating); create durable, firm niche–regime connections to increase acceptance of the 

innovations by regime actors and embed them in local institutional and innovation systems 

contexts (anchoring); and help normalize the new niche beliefs, values, and practices among a 

wider set of actors (institutionalizing) (23, 40, 58a, 69).[**AU: Edit OK?**Yes thanks, I 

added 58a which is a new paper as reference for this part ] In TIP, FE involves monitoring 
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interventions to enable these niche-level processes through EPE.  

3.5. Unlocking Regimes 

Nurturing and mainstreaming of niche innovations are unable to deliver transformative system 

change if the incumbent regime continues to remain stable and resistant to change. Societies 

currently are locked into unsustainable modes of production and consumption, such as fossil 

fuel–based energy, car-based mobility, or unaffordable health care, with negative consequences 

for social justice and planetary health (71). To tackle transformation failure, discontinuation, 

dismantling, phasing-out or reconfiguration of unsustainable regimes is necessary yet these 

processes are extremely difficult due to lock-in effects, making transformation a complex, 

negotiated process full of political struggle(71a). Reducing regime resistance is key to prevent 

transformation failure (21, 72). Phaseout and taxation policies provide destabilizing momentum; 

however, more durable transformations are achieved through incumbent actors unlearning, 

shofting away fromexisting practices and illustrating the openness to relearn new ways of acting 

and decisionmaking. TToCs can include actions to help dissolve existing coalitions and 

delegitimize dominant frames and narratives supporting unsustainable systems (58a). The 

process of unlocking regimes could also involve strengthened interaction between regime and 

niche actors, often orchestrated by regime-based intermediary organizations, encouraging niche 

empowerment for regime diversity and renewal[**AU: Edit OK?**Yes thanks] (48). Another 

outcome of unlocking regimes is to perceive landscape trends such as atmospheric warming as 

issues that can be titled in positive directions (65) through policy and technological interventions. 

TIP scholars propose that the methods of EPE and FE can be designed and mobilized to achieve 

these TOs. (For a full list of TOs, see Table 2.) 

<COMP: PLEASE INSERT TABLE 2 HERE> 

3.6. Enhancing Capabilities 

Transformative change in society is incomplete without enhanced human capabilities, agencies 

and conversation factors  to act on system change (72a). EPEs are important vehicles for 

nurturing unique and dynamic capabilities among governance and societal actors (8) [**AU: 

Please specify reference number** It is reference 8]). Scholars argued that “governing 

transformative change requires new types of capacities and capabilities of the public sector such 

as organisational structures, competencies, and administrative rules and processes (…) which 
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differ from traditional innovation and economic growth programmes,” owing to the complex 

challenges at hand [**AU: Please specify source/page number for quote** its reference 54, 

page 337]( 54: page 337). Capabilities can be individual, cognitive, or collective (73) and based 

on access to resources or skills and competences (74). 

Considering TIP as an innovation governance framework, Termeer et al., (2015[**AU: 

Please add to lit. cited**Done]) (74a) suggested targeting four governance capabilities: (a) 

reflexivity, or the capability to deal with multiple frames; (b) resilience, or the capability to 

adjust actions to uncertain changes; (c) responsiveness, or the capability to respond to changing 

agendas and expectations; and (d) revitalization, or the capability to unblock stagnations. 

University-based boundary organizations can play an important role in enhancing policy 

capacities, such as analytical, operational, coordination, and learning and reflection skills (64, 

75). 

EPEs considerably enhance capabilities for transformative change. Through system mapping, 

actors develop system awareness, or the ability to embrace uncertainty, and agility for change. 

TIPs that “aim at stretching ongoing transformation initiatives” cannot operate in silos 

(27[**AU: Page number for quote?**page 424]). Capabilities of actors to identify unintended 

consequences of their actions as well as unrecognised sources of resilience in some regimes, 

allow them to make EPEs for TIP contextually relevant. [**AU: Incomplete sentence; please 

recast for clarity**I have now adjusted the sentence. Thank you!]Acknowledging that 

transformation does not happen “one system at a time” (76: page 55)[**AU: Page number for 

quote?**reference 76, page 55]), capabilities among policy actors to align policy objectives, 

instruments, and activities across multiple policy domains (horizontal coordination) and for 

multilevel governance (vertical coordination) (69) are essential for multisystem transformation. 

Such a multisystem view in turn helps address single-system blind spots and repercussions, such 

as injustices caused through energy transitions, industrial modernization and unsustainable 

development [**AU: Edit OK?**Yes, I have refined it](22, 58a, 76). EPEs incorporating 

collective imagination of desirable futures build anticipatory capabilities and recognition of the 

role of future narratives and metaphors in present-day action strategies (63a, 77). These are all 

part of “strategic intelligence” capabilities that the Organisation for Economic Cooperation and 

Development (OECD) (78) suggests governments invest in “to monitor and evaluate socio 

technical transitions, and to formulate, design and implement effective STI policy agendas and 
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measures.” Revitalization is a capability that supports unlocking regimes, through skills of 

reimagining and negotiating that are essential to shaping TIP directionalities (22, 72a). 

The participatory processes embodied in EPEs follow the principles of human capabilities 

approach (79), which highlights people’s ability to explore and exercise their choices and 

freedoms to convert their personalities, skills, knowledge, assets, and information into 

functionings (i.e., utilization to achieve common goals)(72a) . [**AU: Edit OK?**]Following 

this principle, the freedom to transcend institutional, political, sociocultural, and economic 

constraints is what TIP could truly strive to achieve. 

3.7. Transdisciplinary KIs 

Epistemic injustices (including epistemicide, or silencing of alternative knowledge systems) 

occur when knowledge systems are entrenched by power asymmetries and exclude plural and 

diverse knowledge sources [**AU: Moved definition of epistemicide to first use, okay?** 

OK. But where is the first use definition?](80). Transdisciplinary knowledge infrastructure 

(KI)s are fluid cognitive spaces, shared by actors from different system dimensions,  allowing 

translation and meaningful constellations between new forms of transdisciplinary knowledges 

(61, 81). Such infrastructures are essential for “generative dialogues”  to broaden and deepen 

knowledges for evidence and action for societal transformation [**AU: Source/page number 

for quote?** Page 5 of reference 9] (9: page 5, 80). Given the complexity of system change 

and processes such as niche development, mainstreaming and unlocking of entrenched regimes, 

building appropriate KIs is essential to nurturing and institutionalizing transformative 

innovation. 

Existing KIs associated with TIP include (a) the TIP Consortium, where public science 

funders (i.e., ministries) invest in science-policy practice (82); (b) nontraditional conferences 

where knowledge from policy and civil society is exchanged with academic knowledge (9); and 

(c) tool kits and databases of blogs, policy briefs, and podcasts that codify and aggregate 

knowledge from diverse actors and contexts (see eg. TIP Resource Lab). [**AU: Edit OK?**] 

The literature highlights universities’ role in providing spaces for transdisciplinary knowledge 

generation and circulation (75). EPEs for TIP design must create and maintain such 

infrastructures where diverse knowledge and evidence is synthesized into shaping collective 

intelligence for societal needs (83). 
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3.8. Empowered CoPs 

Deliberate networks and CoPs are at the heart of a transformative innovation ecosystem (9, 84). 

Beyond epistemic communities of knowledge experts (85), networks of practitioners are now 

widely recognized as key enablers of “system-wide impacts” (86, 64). Within the TIP 

Consortium, the establishment of a global network of coaches who can apply TIP in their 

contexts, critique, and redirect system optimization efforts toward system change exemplified 

efforts to empower a TIP CoP (9).[**AU: Edit OK?**Yes] 

Experimentation in TIP should enable collaboration with communities who practice 

transformation in their day-to-day work and living (87). It should empower communities as well 

as policy actors for innovation governance that includes new constellations of actors at local and 

regional scales [**AU: please clarify source of quotation and page number** I have revised 

and removed quotes](51, 70). An empowered CoP substantially enhances the quality of 

deliberation as they exercise their agency to evaluate systemic challenges, test solutions, and 

mobilize their competencies to achieve more TOs. They further allow TIP scholars to learn from 

context-relevant practices. This could lead to effective management of policy initiatives (i.e., 

community assemblies, participatory budgets). Empowered CoPs are therefore key enablers of 

higher transformative impact. 

4. DIRECTIONALITIES FOR TIP 

4.1. Being Democratic 

Democratic structures and practices are fundamental to social justice, freedom, and equity (79) 

[**AU: Please add reference to literature cited** its reference 79]). The principles of 

deepening democracy include inclusion [**AU: consideration, to prevent repetition?**]of 

diverse voices, giving all communities the power, freedom, and agency to choose and act against 

socioeconomic and political disempowerment and marginalization (19). Literature on democracy 

encourages exploring multiple alternatives to address place-based challenges, emphasizing 

diversity and pluralism through the broad participation of social actors in developing new 

narratives and practices (88). Being democratic means to “open up the political space” for 

collectively shaping directions of innovation and transformation (19[**AU: Please provide 

page number for quote**page 5]). This is achieved through deepening democracy—one that 
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supports initiatives and capacities for addressing power disbalances. Democracy can also be 

deepened outside the state by promoting autonomy and self-management through assembly 

spaces that pressure and shape policy processes. It is also deepened by building a stronger civil 

society, through co-governance mechanisms aimed at constructing self-organized spaces, and 

through improving the quality of deliberation by stimulating collective debate, sensemaking, and 

narrative construction with different epistemic voices (14). The TIP directionality of being 

democratic promises innovation that is ethical and just, promoted through confronting 

disagreements, resisting the “tyranny of the majority” (89), avoiding “co-optation” (90), and 

addressing “paradoxes of social choice” (91). 

4.2. Elevating Decolonial Sensibilities 

Decolonial thinking links the past, present, and future of and for our world by tracing the 

problematic origins of modernity and the resulting Eurocentric worldviews, while seeking to 

break out from the unjust impulses these have wrought on the planet, peoples, nature, and other 

species (92). Birthed by modernity, the racial capitalist system and colonialism function through 

the logic of unbridled economic growth based on extracting resources, labor, and land from the 

oppressed in the periphery (94). Across centuries, coloniality has manifested through 

epistemicide, dispossession, violence, gender discrimination, othering, and overengineering of 

nature (95–97). 

Coloniality, associated with modern economies, is powered by innovation and continues to 

manifest through inequalities, unfair concentration of privilege for the winners -those with more 

resources for more extraction and ‘power-over’losers -those living in harmony with nature with 

less income and social privileges in and between the Global North and South [**AU: Edit 

OK?** I would keep ‘power-over’ in single quotes, as it is known concept](98). The current 

green growth paradigm and climate action represents a new frontier for capital accumulation 

through continued tech-centered and neoliberal approaches to development (99, 100) and risks 

reproducing these injustices and harms to nature and all species (101, 102). It is now documented 

that decarbonization has a potentially darker side; e.g., battery manufacturing depends on cobalt 

mined, sometimes by children, in the Democratic Republic of Congo, where the threat of 

dispossession looms over local communities (99). The idea of transformation itself, if 

uninterrogated by justice and decoloniality frames, may represent yet another iteration in the 
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dark march of colonial injustices and racial capitalism (97, 104, 105). 

A TIP directionality of elevating decolonial sensibilities will attend to the manner of 

transformation, i.e., the core values and insights that guide action for and in transformation, and 

the means of transformation, i.e., different operational solutions, methods, and practices [**AU: 

Edit OK?** yes thanks](106). Being decolonial in TIP entails relationality, humility for diverse 

ways of knowing, and openness to attend to the resistance and desires of the historically 

marginalised. 

4.3. Enhancing Well-Being 

The Intergovernmental Panel on Climate Change (1) defines well-being asa state of existence 

that fulfils various human needs, including material living conditions, meaningful social and 

community relationships and quality of life, as well as the ability to pursue one’s goals, to thrive, 

and feel satisfied with one’s life.  

Well-being, from this perspective, goes beyond consumption and economic wealth (79, 107) and 

into a holistic view on sustainable welfare where social progress is ‘nature-inclusive’ (108–111). 

An emphasis on well-being allows a broader understanding of sustainability and complex 

entanglements and trade-offs between social life, ecological balance, and economic prosperity 

(112–115). Scholars across climate science and well-being studies highlight public policy’s 

central role in enacting intergenerational and ecological well-being as a focal point to tackle 

climate change (116–118). The emergence of alternative indices to gross domestic product, e.g., 

Gross National Happiness (119), Human Development Index (120), Better Life Index (121), and 

Happy Planet Index (122), highlights the multidimensional nature of human, intergenerational, 

interspatial, and ecological well-being, which is integral to sustainable development and staying 

within planetary boundaries (124, 125). A TIP directionality of enhancing well-being strengthens 

the quality and outcomes of innovation, EPEs, , and capacity building, in line with the SDGs and 

inclusivity principles (126, 127). 

4.4. Navigating Contestations on Desirable Futures 

Future imaginaries are an important area of studying societal values and aspirations as well as 

fears, worries, and anxieties about the future [**AU: Edit OK?** yes, I have also 

revised](128). Future thinking involves various techniques of anticipation and creative 

imagination of multiple potential future scenarios to navigate uncertainties. Normative social 
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imaginaries of the future consider desirable goals and explore paths to achieve these goals, often 

through envisioning futures beyond current limitations. They represent collectively held visions 

that motivate human action (129, 130). 

Different actors hold diverse visions or expectations about the future, stemming from 

divergent values, interests, and power dynamics (130), leading to contestations and struggles that 

shape technological trajectories and social outcomes (104, 131). Our visions are locked in the 

past and present colonial ways of knowing and thinking, which blur our views of  true just and 

resilient futures from non-eurocentric perspectives (92, 132). Backcasting is used frequently to 

assess the feasibility of visions and create strategic plans (133, 134). Yet, without normative 

considerations of which visions are desirable and for whom, injustices might prevail. Normative 

visions of desirable futures help identify opportunities and justifications for policy support for 

linking grassroots initiatives to broader movements (134–137). 

A TIP directionality of mobilizing future visions, which are contested yet collectively desired 

and attainable, necessitates flexibility and reflexivity in policy design and anticipatory 

capabilities that enable individuals and organizations to prepare for both opportunities and 

challenges, enhancing resilience and strategic decision-making (138–142). 

Figure 1 Transformative innovation policy (TIP) constituents and directionalities. The butterfly 

is used as a metaphor for transformation, capturing the multidimensional and evolutionary nature 

of systemic change. The head represents the TIP cornerstones: experimenting with 

and evaluating policy with transformative outcomes. The body signifies the macro-processes of 

transformation: socio-technical system change, nurturing and mainstreaming niches, unlocking 

regimes, and enhancing capabilities. The support structure at the base illustrates the enablers that 

sustain TIP practices: building knowledge infrastructures and empowering communities of 

practice. The wings represent four guiding directionalities: being democratic, decolonial, well-

being oriented, and futures oriented. [**AU: Okay to put simply “Democratic,” “Decolonial,” 

“Well-being oriented, and “Futures oriented” into butterfly wings?**Yes ok]Together, these 

elements (see sections 3 and 4) reflect the integrative and values-driven approach of TIP to 

fostering just, inclusive, and long-term societal transformations. 

5. NAVIGATING GAPS AND CHALLENGES OF TIP 

In this section, we discuss the major challenges faced in TIP design and implementation under 

three broad issues, namely societal engagement, context sensitivity, and epistemic justice, as 

analyzed from the review of TIP literature. We highlight the challenges and gaps that future 
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research can aim to fulfill. We argue that an explicit and deeper engagement with the four 

directionalities might be a productive way to be socially inclusive, context sensitive and just in 

future research (See Figure 2). 

5.1. Societal Engagement 

The first major challenge faced in TIP is how to engage with multiple societal actors 

meaningfully and inclusively. In rapidly evolving societal contexts and for accelerated action for 

climate mitigation, democratic processes of engagement is often rushed, even in experimental 

governance settings (57). Disagreements on visions and strategies between policy and societal 

actors, priority misalignments, and clashes in expectations generate tensions in policy processes 

(11). Imaginaries are often bounded (77) by current structures and norms and a lack of collective 

and shared vision hinders system change (48). How can actors with diverse motivations and 

interests be persuaded to collaborate and agree on shared strategies?[**AU: Edit OK?**] The 

issue is common in messy consultative policy processes, where wider participation may be 

invited but limited perspectives are cherry-picked, creating dissatisfactions, exclusions, and 

disempowerment of many actors (143). Second, local actors are perceived as lacking the capacity 

to offer easily implementable solutions. The lack of trust  can be a major issue in network 

formation and circulation of knowledge. Third, although cross-departmental and multilevel 

policy coordination is often associated with positive change, it does not fix transformation failure 

due to exclusion of non-dominant voices. Fourth, incumbent actors might be against wider 

participation of actors who would contest the current unjust practices. Even when policies are 

evaluated ex ante to set aims and expected outcomes as part of developing a TToC, powerful 

voices may dictate which policy aims are to be fulfilled and who is expected to benefit from the 

policy (144). Such resistance from the powerful regime actors perpetuates inequities, and 

cooperation among these actors creates barriers to innovation, experimentation, and capacity 

development. 

5.1.1. Misalignment of perspectives. 

Focussing on the directionalities helps address some of these issues. Democratic, participatory 

processes that extend beyond representation ensure policies align with diverse public interests, 

fostering mutual accountability. Well-designed EPEs can include participatory workshops to 

address conflict, and integrate diverse experiences, fostering shared visions of the future (14) 
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(Felt, 2015[**AU: Please add to literature cited**I have cited reference 14, no need to add 

new references]). Systems thinking allows citizens and end users to become part of the solutions 

and active stakeholders in change (72). Participatory dialogues seek out and attend to resistance, 

desire, and frustrations of people, especially those marginalised by coloniality. Experimentation 

provides the space for justice when marginalized stakeholders refuse to take part in unjust 

processes. Centering the identities, cultural values, and experiences of historically marginalised 

actors helps facilitate transformative futures by allowing the most vulnerable to (re)imagine and 

(re)create just worlds as a form of resistance to the dehumanizing impulses of colonialism, 

beyond the limited visions of the future that neocolonialism often presents (96, 132, 146). 

5.1.2. Including nonexperts. 

Inclusive and transformative policies include voices of not only scientific experts and technocrats 

but also people with wider interests and innovation capacities, such as indigenous communities 

and citizens who innovate in everyday life, through behavioural and social adjustments in 

response to everyday struggles (145, 147, 148, 156). Formative policy evaluation with 

communities could attend to greater awareness of trans-species well-being and nurture relational 

understanding between actors to share responsibilities of enhancing well-being (111, 149). 

Including demand-side actors such as end users in the TIP implementation processes is 

congruent with demand-side climate mitigation strategies, such as promotion of active mobility 

and energy and water saving by end users (36, 38, 40, 150). Plural future storylines enable 

continuous interactions among scientific and policy experts, and citizens for legitimacy and 

credibility of future actions and build shared ownership of decisions, which in turn increases 

public acceptance of evidence-based policy (1, 77). 

5.1.3. Transformative partnerships. 

Deepening democracy entails deliberate strategies to enhance interaction and partnerships 

between policy actors, academics, private investors, and NGOs (151, 152). A common goal, such 

as managing the COVID-19 response, is a powerful mechanism to organize actors with different 

roles in the innovation ecosystem to form transformative partnerships (13, 84). Intermediaries are 

key to orchestrating connections between various actors in multiple levels, facilitate strategic 

coordination and trust building between actors with different interests in different policy 

departments and levels of governance (27, 59). Where partnerships are truly transformative, 
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capabilitiesto exercise choice and freedom among historically marginalized actors and those 

perceived as nonexperts can develop and sustain, through  reflexivity, resilience, responsiveness, 

and revitalization (72a, 74a).  

5.1.4. Resistance from the powerful. 

While powerful actors might resist wider participation in decision making, an explicit attention 

to human and environmental well-being as a common goal in TIP will necessitate citizen 

engagement for localised solutions to wicked problems (59). Democratic and decolonial 

arrangements in EPEs can foster actors’ confidence to resolve conflicts over natural resource and 

land use, confront neocolonial development, and operationalise locally adapted scenarios linked 

to global futures scenarios through international deliberation in science–policy 

diplomacy[**AU: Edit OK?** yes, I have also revised a bit] (154, 155). 

5.2. Context Sensitivity 

Societal transformation is contextual. In contexts of poverty and vulnerability to climate change, 

experimentation and learning seem to be slow and counterintuitive to urgent and accelerated 

actions. How can transformation be fast and just? Furthermore, identifying system boundaries 

and assessing the vulnerability of system configuration are challenging in many sociopolitical 

and economic contexts. Local political and institutional contexts determine how powerful actors 

encourage or resist transformations., Colonial histories shape political, and cultural, differences 

between the Global South and Global North (63, 156, 157). Despite independence and 

postcolonial narratives, legacy effects remain in the previously colonised regions’ structures and 

capacities. How can TIP ensure locally just and post-colonial transformations? Countries in the 

South tend to “catch up” and follow development trajectories of the North, which 

poseschallenges of lock-in and overlooking locally empowering innovations (157a). How can the 

Global South shape its own trajectories of development?  

5.2.1. Urgency versus learning from failure. 

The directionalities can help address the dichotomy between accelerated and just transitions. 

Deepening democracy principles suggest that policy processes must prioritize giving voice, 

enhancing agency, and empowering actors instead of achieving missions by any means. Future 

visioning allows  learn from the past, “consensus-building at the local and national level” (158: 
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page 11) on the means and outcomes of accelerated transitions. Shared visions therefore helps 

about broader repercussions, and and further marginalization of non-dominant voices, from 

decisions made by a few.[**AU: Please recast sentence for clarity**I have now revised and 

broken the sentence into two] Urgency is often popularized by technocrats with vested interests 

in short-term technological solutions (159). A collaborative approach to imagining desirable 

futures centered on reciprocal relationships between nature and people can be seen not as a 

hindrance to speed but as essential for justice [**AU: Edit OK?**Yes thanks](160, 161). For 

TIP the real urgency is in the need to go beyond static, linear, and deterministic pathways of 

transformation and learning about “diverse subjectivities, priorities and values that influence […] 

decision-making” for the longer term ([**AU: Please specify source of quote and provide 

page number** added]47: page 1, 92). 

5.2.2. A relational understanding of system boundaries. 

In most contexts, multiple regimes coexist with different degrees of maturity and with complex 

entanglement, making system change an ambiguous target. Democratic deliberation in EPEs can 

reveal entanglements between economic, social, and cultural factors and leverage points for 

acting toward enhancing well-being. How innovations achieve system-wide effects is contextual, 

with different trajectories and impact potentials (64). Decolonial thinking allows us to approach 

systems in a relational way (111, 149). Ubuntu philosophy shows that, system awareness means 

recognising humanity as part of a collective. Without a relational view between humans, we have 

little agency to make and break systems (162). A relational approach helps address 

theadditionality challenge [“whether observed systemic changes can be attributed to (a 

particular) policy”] ([**AU: Please provide page number for quote**]43: page 4) by 

foregrounding the importance of coordination and collaboration across individuals and policies. 

Empowering CoPs and building KIs to sustain beyond a single policy intervention advance this 

relational understanding of people and policies. A decolonial TIP opens up the space for 

connections between peoples with diverse ways of knowing and being, in various spaces and 

times (94, 149). Powerful technocrats’ efforts to scale up innovations and draw clear boundaries 

around socio-technical systems could dehumanise transformations, which decolonial sensibilities 

would resist (52a, 103). 

5.2.3. Legacy effects. 
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Institutional contexts determine the political and cognitive embedding of TIP. Institutional 

structures limit an organization’s capacity to embrace and advance alternative governance 

approaches such as EPEs. In historically colonized countries, political and legal institutions carry 

colonial legacies and act as “sticking points” (7) for sectoral silos and inadequacy of resources 

for cross-sectoral initiatives, bottlenecks, and lack of institutional support for innovations that 

transcend sectoral boundaries (150). Emphasizing the holistic well-being of people and the 

planet and a common directionality (69) might challenge such siloed perceptions and build 

momentum for “new connections and capacities” and “shifting power relations between the 

ministries” as strategies for TIP [**AU: Please provide page number for quote** page 686 

for both quotes] (13: page 686). 

5.2.4. Contextualizing innovations. 

When technological innovations from the North are transferred to the ‘technology-poor’ Global 

South countries, , the process erases local ingenuities, philosophies, and ways of knowing, doing, 

and being (163). Innovations away from the western mindset can be technological or social (40). 

Informality is a key feature in transitions in the Global South leveraging unique local knowledge 

to meet local needs (164, 52a). For sustainable mobility, innovations in southern megacities 

include fuel efficient vehicles as well as new models for equitable access to improved public 

transport options. The latterdiscourages the demand shift from shared to private mobility and 

ensures mobility justice  (62, 166).Embedding locally situated desired futures, decolonial and 

well-being oriented TIP can “support place-based leaders to address key challenges to SDG 

localization” (152, 59, 139);  (I have deleted this part)to embrace “flexibility, adaptability and 

creativity” in informal transformative spaces (52a: pg. 1)  and incrementally transform 

fragmented, splintered, and coexisting regimes for reconfiguration and change (62, 70, 77, 166, 

167).[**AU: Edit OK?** yes thanks, please also accept my revisions] 

5.2.5. Navigating power relations. 

Implementing TIP in a power-sensitive manner means reflecting on where experimentation takes 

place, initiated by whom, how governments at different levels (local, regional, national) 

coordinate, and what political dynamics within and across governments can facilitate pursuing 

normative agendas[**AU: AU: Please recast list for clarity** I have revised, please check] 

(61, 168, 169). Democratic processes of developing a TToC could help navigate power relations 
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in leveling the field for negotiations of diverging worldviews about how to enact change. The FE 

method could focus on reflecting on the sources of power, bringing to the forefront power 

differentials created by coloniality between humans and other species (manifested through 

deforestation and environmental damages), and in humans’ relations to nature (170). EPEs can 

provide a new approach toward shifting perceptions from limitless growth toward 

intergenerational well-being and space for reflexive learning for confronting fears and 

frustrations around polycrisis (170a, 170b). Critical futures methods elucidate who wins from 

certain future scenarios (171) and who remain as ‘losers’; thereby empowers new actors to 

reimagine their positions in shifting the power dynamics (70).[**AU: Edit OK?**Yes, I have 

also revised] 

5.3. Epistemic Justice 

The challenges of societal engagement (section 5.1) and context sensitivity (section 5.2) 

culminate in a deeper challenge: lack of recognition of diverse knowledge systems. Although 

societal engagements promise a broad range of perspectives, many perspectives remain 

overlooked and “lost in translation” (172). Even when deliberate efforts are made to invite 

conflicting perspectives, the transdisciplinary policy process of TIP faces challenges in 

integrating these knowledges for transformative change. Imposition of codified, scientific 

evidence, disregarding localized, practice-based tacit and experiential knowledges might 

unhelpfully widen the gap between science and practice. [**AU: Edit OK?**I have revised the 

sentence]Finally, efforts to empower and build capacities from the outside might rob 

disempower [**AU: rob?**yes]CoPs of their agency inherent capabilities to steer change in 

context sensitive ways (40). Engaging with the four TIP directionalities helps resolve these 

issues. 

5.3.1. Diverse knowledge recognition. 

Transformations require engaged and evidence-based policies instead of “heroic interference” 

(159: page 773). Democratic spaces will allow non-elite, non-western-scientific communities to 

generate evidence through collaborative sensemaking among diverse stakeholders (173, 174). 

Transdisciplinary knowledge co-creation often leads to conflicts and tensions that deliberative 

discourses can resolve (34, 81, 112). Scientists and policymakers can gain valuable insights from 

indigenous knowledge as a source of collective intelligence, e.g., from the Bishnoi community in 
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India or Australian aborigines on sustainable land management to conserve biodiversity and 

ensuring eco-friendly social life (147-149,, 174–175, 177). Traditional farming in Taiwan and 

Nepal and livestock management in the Massai community (Kenya) further show the importance 

of local knowledge in maintaining food security and community well-being (178–180). 

Intentional inclusion of actors with conflicting perspectives in TIP fosters epistemic diversity by 

valuing alternative expertise of the local, marginalized, and indigenous (174, 181). Such 

epistemic pluralism is promoted in Nature Futures framework (136) and deemed necessary for 

intergovernmental efforts (181a).  

5.3.2. Diverse knowledge integration and translation. 

TIP practice informed by deliberative democracy can harness the full potential of fluid spaces— 

spaces where TOs act as boundary objects (61). Universities can play a significant role by acting 

as “ “Campus living labs” (181b: page 1) for knowledge exchange and translation at science–

society interfaces. Universities providing a “collaborative construction space” (75: page 10) 

[**AU: Page number for quote?** done]) can help address knowledge coloniality (i.e., some 

forms of knowledge being considered superior to others). Colonial injustices historically shaped 

knowledge hierarchies (80, 175). . A decolonial TIP could build on the ideas of “Ubulungisa” 

and “right relations” (182, 183), concepts that signify the continuous seeking and doing of 

reparative justice within lived and across diverse incarnations of beings. Widening the 

involvement of “epistemic communities” (154: page 32), a democratic, decolonial and future 

oriented TIP can further strengthen relational understandings of people and their epistemic 

capacities (156, 181). 

5.3.3. Harnessing capabilities of CoP. 

One source of epistemic injustice is when knowledge produced and held in western universities 

and Global North NGOs suppresses and marginalizes knowledge held in Global South 

communities and local sociocultural spaces (150).. [**AU: Edit OK?**I have deleted this 

sentence, it is repetitive] TIP efforts should steer toward learning from CoPs. TIP scholars and 

practitioners should harness capacities to nurture and stretch existing ideas and solutions, rather 

than building new ones (52a).[**AU: Edit OK?**]Frameworks such as TOs should be used 

flexibly and responsibly,  adapting to contextual needs. Lazarevic et al.’s (69) efforts to add new 

TOs to Ghosh et al.’s (15) framework to analyze Finland’s new circular economy policies is a 
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step in this direction (see Table 2). Oral histories, narrative and collaborative storytelling could 

unpack knowledges from the past, across generations and temporalities [**AU: 

temporalities?** Yes thanks]; i.e., short-, medium-, and long-term experiences of change could 

help discover hidden capabilities of local people and shift knowledge hierarchies (52a, 177, 179). 

Decolonial TIP embraces epistemic pluralism as the future of transformative science-policy 

and invites reflects on what is considered legitimate knowledge or data for decision-making. . It 

opens possibilities for escaping the model land, and incorporating plural storylines in climate and 

social governance (183a, 183b). [**AU: As meant? If not, please recast for clarity**I have 

changed this sentence] A democratic and decolonial KI and CoP of and for TIP incorporates 

knowledges co-produced in diverse and innovative ways, such as “humanistic, arts-based and 

performative approaches” (183b: page 737) that can help expand and deepen understanding of 

transformationsThis in turn help avoid transformation failure through incorporating lessons from 

diverse ways of knowing, deciding, governing and being in the world (53, 92, 146, 

183b).[**AU: Edit OK?** I have now edited this] 

[**AU: Please call out Figure 2 where appropriate** Done at the end of first paragraph 

of section 5, hence the figure can be moved there] 

Figure 2 Major challenges in transformative innovation policy (TIP) design and implementation, 

under three broad category of issues, namely, societal engagement, context sensitivity, and 

epistemic justice, as analyzed from the review of TIP literature. Attending to the TIP 

directionalities such as democratic decision-making, decolonial sensibilities, well-being and 

futures orientation is seen as crucial to addressing each of the challenges and thereby avoiding 

transformational failures. 

6. DISCUSSION AND CONCLUSION 

TIP embodies what an alternative innovation policy could look like to mitigate “transformational 

failures” (58). TIP theory and practice constitute the approaches and tools to address entangled 

complexities of socio-environmental challenges. Building on the previous framings of innovation 

policy, TIP emphasizes purpose-driven innovations and transdisciplinary approaches to 

innovation policy to address the SDGs. TIP invites policymakers to adopt agility and a new way 

of thinking and acting about policy and innovation that transcends the traditional way, which 

typically included setting social and climate targets and missions at the beginning of policy 
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process and a summative policy evaluation at the end. Instead, TIP oriented toward 

transformative governance (43) must be about opening up the problem and solutions space, 

inviting wider engagement in pluriversal processes (88) and continually evaluated in a formative 

way. In this article, we discuss the characteristics and components of designing and 

implementing TIP and ways in which TIP practices could be more democratic, decolonial, well-

being and desirable futures oriented. 

This review underlines the actionable knowledge underpinning TIP—knowledge that could 

guide and steer human actions for mitigating social and environmental challenges. The analysis 

shows how TIP can be implemented in democratic and decolonial ways by considering human 

well-being in harmony with nature as well as  plural, contested, and desired future imaginaries. 

As systemic transformations unfold, it might become necessary to measure the outcomes and 

effectiveness of existing innovation policies through “transition indicators” [**AU: Edit OK?** 

yes thanks](41). Embracing decolonial praxis, such indicators should remain subjective, context 

sensitive and inclusive of diverse epistemologies. Unfolding transformations are neither 

predictable nor certain. Measurement efforts must therefore be reflexive and collaborative 

instead of top-down and summative. Qualitative, and codesigned guidelines need to accompany 

quantitative models for monitoring impacts and to explore the readiness of policy practices in 

stretching = in more transformative directions. 

SUMMARY POINTS 

1. Transformative innovation policy (TIP) is an emerging approach that fosters 

innovation aimed at transforming systems of service provision, such as energy, food, 

and mobility, with a normative focus on addressing the complex social and 

environmental challenges of the current polycrises. 

2. TIP can be enhanced by developing four key directionalities, namely, being 

democratic, elevating decolonial sensibilities, enhancing well-being, and navigating 

contestations on desirable futures. 

3. Experimentation in policy is a core TIP methodology that includes codesigning a 

localized theory of change with a diverse range of people and organizations (actors) 

and continuous monitoring, evaluation, and learning, using transformative outcomes 
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as leverage points. 

4. Enhancing policy capabilities, building knowledge infrastructures, and empowering 

communities of practice are key mechanisms for institutionalizing transformative 

innovation. 

5. TIP requires building long-term partnerships among academic and nonacademic 

actors and navigating misalignment of perspective and resistance from powerful 

incumbent actors. 

6. Context sensitivity is a key consideration for TIP in terms of spatial and 

socioeconomic environments and in the context of innovations, systems, institutional 

stickiness, power asymmetries, and urgency. 

7. TIP invites innovation scholars and practitioners to take justice into consideration 

[**AU: Please clarify** revised]in all policy decisions by designing for 

collaboration, inclusion, learning, and contextualization as part of experimental policy 

process. 

FUTURE ISSUES 

1. More research is needed on measuring transformation using quantitative and 

qualitative tools by developing indicators, metrics, and pathways suitable in diverse 

contexts, as well as extending the transformative outcomes for evaluating the true 

impact of democratic and decolonial actions on transformative system change. 

2. Conceptual alignment and misalignment should be resolved between the three frames 

of innovation and how they could coexist in productive ways, ultimately feeding into 

a shared sustainability transformation agenda. 

3. Empirical and methodological research is needed into complementarities of 

transformative and mission-oriented innovation policies, highlighting the promises of 

a collaborative rather than a contentious research agenda. 

4. More applied research is needed on methods for designing policy experiments in 

different contexts and scales, including mapping key actors, recognizing and 

including previously excluded actors, managing tensions in multi-stakeholder 

processes, and addressing perceived trade-offs between learning and action. 
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5. Methods of developing and applying ex ante measurements of policy readiness for 

transformative system change are needed. Such methods will help policy practitioners 

understand the transformative potential of their intended policy strategies in the early 

stages of TIP design . 

6. Strategies, prototypes, and pilot projects should be developed that bridge small-scale, 

context-specific experiments with the broader goal of transforming socio-technical 

systems. 

7. Scholars need to engage further with theories and examples of justice, e.g., through 

the human development and capabilities approach, to elicit the true meaning of a just 

transition, especially in Global South contexts. 

8. Decolonial scholars can enrich TIP by unpacking the knowledges and capabilities of 

indigenous communities and identifying ways to harness these knowledges and 

capabilities to drive contextual transformations. 

9. We need better tools for recognizing a wide range of collective emotions (including 

desires, climate anxiety and transition pain) associated with disruptive change and 

deep transitions. 

[**AU: PLEASE INSERT YOUR DISCLOSURE OF POTENTIAL BIAS STATEMENT, 
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PLEASE CONFIRM THAT THE STATEMENT BELOW MAY BE PUBLISHED IN 
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TERMS AND DEFINITIONS 

[**AU: Terms have been inserted upon first use in text. “Transdisciplinarity” does not 

appear in text; okay to tag to “transdisciplinary”?** Yes, call it transdisciplinary research] 

Transdisciplinarity: a research approach that requires collaborative efforts from multiple 

knowledge domains, integrating knowledge from both scientists and practitioners, aimed at 

addressing complex problems characterized by high uncertainty and ambiguity in their 

definition, implications, and solutions 
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Table 1 Comparison of IP1, IP2, and IP3 (adapted from References 3, 54)  

Ways to distinguish Different IP framings 

IP1 and IP2 IP3 

Role of innovation IP1: R&D-led economic growth 

IP2: Growth through national 

systems and capability 

development predominantly  

Just transition; achieving 

SDGs, addressing grand 

challenges and polycrisis, 

inclusive development  

Role of actors IP1: Scientists advance science, 

public sector funds scientific 

research, and private sector 

commercializes innovations 

IP2: Public sector invests in 

capacities and entrepreneurship 

and in advancement of science 

by scientists[**AU: Edit 

OK?**Yes] 

Scientists, policymakers and 

public and private sectors 

work together with civil 

society to cocreate strategies, 

and solutions and navigate 

contestations in 

transdisciplinary settings. 

They develop deep networks 

and invest resources in 

learning. 

Policy process/practices IP1: Regulations, procurement; 

summative ex post policy 

evaluation 

IP2: Incentives for startups and 

training 

Learning what works (first-

order learning) 

Policy codesign with 

experimental policy 

engagements (EPE) 

Emphasis on formative policy 

evaluation through reflexive 

and continuous monitoring  

Learning why certain things 

work, what assumptions are at 

play (second-order learning) 

Expected outcomes IP1: Welfare through economic 

growth; technologies in higher 

readiness levels 

IP2: Structural change in 

institutions; readiness in 

organisations and institutions 

for change 

Transformational change in 

socio-technical systems, 

nurturing and acceleration of 

niches; opening up and 

unlocking regimes, enhanced 

capacities of actors; higher 

policy and system readiness 

for avoiding transformational 

failures 
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Epistemology/knowledge IP1 and IP2: Positivist and 

constructivist technoscientific 

knowledge; dominated by 

disciplinary domains of 

economics, political science, 

and engineering 

Interdisciplinary 

andtransdisciplinary 

knowledge, integrated through 

collaboration between natural 

scientists, social scientists 

andengineers Interpretative 

flexibility and complex system 

thinking with civil society; 

inclusion of indigenous 

knowledges 

Rationale for policy 

intervention 

IP1: Fixing market failure 

IP2: Rectifying 

structural/system failure 

(innovation infrastructures, 

institutions, capabilities) 

Avoiding transformational 

failures owing tolack of 

directionality, as well as 

insufficient demand 

articulation, policy integration, 

and limited reflexivity and 

learning 

Associated and 

alternative framings 

IP1: Appropriate technologies 

in developing countries 

IP2: Training and capacity 

development 

Mission-oriented innovation 

policies, challenge-led 

innovation policies, 

Responsible research and 

innovation. 

Abbreviations: IP, innovation policy; R&D, research and development; SDG, Sustainable 

Development Goal; EPE, Experimental policy engagement
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Table 2 A comparative view of the evolving framework of TOs [adapted from Ghosh et al., 

2021[**AU: Reference 15 or 156 meant?** its reference 15], Lazarevic et al. (69), and 

Kanger et al., 2025 (58a) [**AU: Please add to lit. cited or provide all authors, e.g., “L. 

Kanger & J. Smith, manuscript forthcoming”** its 15, 58a and 69(numbers might shift due 

to new references added)]] 

Macro-processes 

of TIP 

Original framework 

(Ghosh et al., 

2021[**AU: 15 or 

156?** 15]) 

Lazarevic et al. 

(69) 

Integrated framework 

(Kanger et al., 2025 

(58a)) 

Nurturing niches 

(see Section 3.4) 

TO1. Shielding 

TO2. Learning 

TO3. Networking 

TO4. Navigating 

expectations 

Unchanged from 

Ghosh et al. 2021 

Unchanged from Ghosh 

et al. 2021 
 

Mainstreaming 

niches (see 

Section 3.4) 

TO5. Upscaling 

TO6. Replicating 

TO7. Circulating 

TO8. Institutionalizing 

Unchanged from 

Ghosh et al. 2021 

Unchanged from Ghosh 

et al. 2021, except 

TO7. Anchoring 

Unlocking regimes 

(see Section 3.5) 

TO9. Dealigning and 

destabilizing regimes 

TO10. Unlearning and 

deep learning in 

regimes 

TO11. Strengthening 

regime–niche 

interactions 

TO12. Changing 

perceptions of 

landscape pressure 

Unchanged from 

Ghosh et al. 2021 

TO9. Unlearning 

TO10. Dissolving 

coalitions 

TO11. 

Deinstitutionalizing 

TO12. Delegitimizing 

visions 

Addressing 

broader 

repercussions of 

regime 

destabilization 

Repercussions not 

considered in the 

original framework 

TO13. Reducing 

socioeconomic 

impact 

TO14. Societal 

deliberation 
 

TO13. Anticipating and 

mitigating injustices 

TO14. Anticipating and 

mitigating rebound 

effects 
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Provide 

coordination to 

multiple regime 

interaction 

 Multisystem 

interaction was not 

considered in the 

original framework 

TO15. 

Strengthening 

regime–regime 

interactions 

(horizontal 

coordination) 

TO16. 

Strengthening 

multilevel 

governance 

interactions 

(vertical) 

Incorporated as part of 

the other TOs 

Tilting the 

landscape 

Perceived to be 

captured through 

changing perceptions 

of the landscape 

pressure 

TO17. Enabling a 

common 

directionality of 

change 

TO15. Setting 

acceptable boundaries 

TO16. Building 

resilience  

Abbreviations: TIP, transformative innovation policy; TO, transformative outcome. 


