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Abstract

:

The bioeconomy transition is seen as a means to achieving industrial competitiveness. Targeted actions on leverage points can have specific effects on transitional changes in system dynamics; these actions have yet to be identified in the context of the knowledge-based health bioeconomy in Kenya. This paper employs system dynamics and grounded theory to identify causations linked to the feedback mechanisms in a complex adaptive system specific to preventive medicine in Kenya. The causal relations identified will allow for extended empirical interrogations. We conducted sixteen semi-structured interviews with key informants using purposive and theoretical sampling. Through these interviews, we obtained detailed information on trends for leverage points for a transition to a bioeconomy in Kenya. We developed three qualitative themes along the structure of information flows, rules, and goals of the system. In addition, we determined the overall perception of the health bioeconomy and elaborated stakeholder-specific applications. We identified a dissociation as a general perception that knowledge generation is the preservation of the public sector. Government effectiveness was found to affect public-service turnaround time, transparency, and regulatory interventions. Finally, we identified weak network failures as the key system failures whose functional deficiencies can be exploited for future policy legitimation.
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1. Introduction


The feedback governing the transition to a knowledge-based health bioeconomy in preventive medicine in Kenya seems promising, as demonstrated by various policies and programmes for transitioning to sustainability in the new biology that have emerged over time. In the recent past, several policies and programmes have been designed in relation to a knowledge-driven bioeconomy, addressing concepts of health transitions, value, and competitiveness. They include the establishment of the Centre for Traditional Medicines and Drugs Research, set up as part of the Kenya Medical Research Institute (KEMRI) following the World Health Organization’s (WHO) Alma-Ata Declaration (1978), which identified primary health care as the key to attaining the goal of “health for all”. This declaration promotes the role of healers who often use natural biodiversity resources to provide primary health care [1]. More recent product development partnerships have incorporated concepts of translational medicine and bioeconomy. For instance, International AIDS Vaccine Initiative (IAVI), an initiative focused on developing vaccines and antibodies in and for the developing world to accelerate their introduction in low-income countries, and others are engaging with local health innovation system actors to advance biomedical innovations [2]. While these policies and programmes address emergent issues in the health innovation system, the interaction of system actors has not been elaborated to determine the emergent leverage points towards a knowledge-based health bioeconomy.



The concept of leverage points is a recurrent theme in sustainability transitions [3,4,5,6], referring to “places in complex systems where relatively small changes can lead to potentially transformative systemic change” [6]. Leverage points allow us to study system transitions such as those in a knowledge-based health bioeconomy. In this context, a knowledge-based health bioeconomy, as defined in this study, is perceived as the processes leading to socio-economic improvement through health, biotechnology, and medical applications, whether linked to the use of biologics or to sustainable environmental and biodiversity practices, all of which are considered forms of capital.



Existing systems analyses of the knowledge-based bioeconomy in Kenya have not only focused primarily on agricultural systems, given the sector contributes about 1.6% to Gross Domestic Product (GDP) growth according to 2020 estimates while industry and services are larger contributors to GDP growth at 3.9% and 5.9%, respectively [7]. Governance studies on the bioeconomy in the country have taken a policy review approach, especially in light of the imminent East African Bioeconomy Strategy [8,9]. Analyses of the ecosystem using sustainability transitions and the leverage points framework could provide insight into where to intervene. Therefore, employing the bioeconomy paradigm, we explore the leverage points for (i) the structure of information flows in the system, (ii) the rules of the system, and (iii) the goals of the system in preventive medicine for a health bioeconomy transition within Kenya’s health research and innovation ecosystem. These insights are drawn from the leverage points framework developed by Meadows [6]. At this stage, preventive medicine is defined as disease prevention and risk factor management. Some of the innovations and procedures involve screening, harm reduction strategies, and chemoprophylaxis [10].



In an exploratory approach, we use configurational theorising as a research design. This approach contrasts with correlational theorising such that as much as we are looking to study the three leverage points, the relationships between the exploratory variables involved in these leverage points are not yet determined or cannot be estimated in advance. Configurational theorising allows us to study interdependencies among such exploratory variables and bring out an outcome of interest [11]. In our approach, we create causal loop diagrams (CLDs) based on insights from sixteen key informant interviews conducted with heterogeneous sector leaders, to bring out outcomes of interest about three leverage points. Participants are representative of the different categories of firms engaged in research and innovation activities that influence the emergence of niches in the health bioeconomy: state-owned R&D enterprises or academic institutions (research), the private sector (biomass transformation), health practitioners (health system actor), and the government/policymakers (regulation and support) (hereafter collectively referred to as firms) [12,13].



Our findings show that there is a potential leverage point in the structure of information flows. Research is perceived as a preserved role of academia and research institutions. The private sector plays a smaller role. This affects the scale of public-private partnerships for research and innovation.



Secondly, a dynamic set of factors influence firms’ decision rules, including: promoting local vaccine manufacturing, gaining relevance in biotechnology, securing funding for research, delivering quality public service, and obtaining data from clinical trials. However, such endeavours face institutional lock-ins, reflected particularly in low governance efficiencies, reduced transparency in the issuance of necessary authorisations, and lengthy government processes.



Finally, using the Woolthuis framework [14], we find that weak network failures are predominantly system failures. These failures are evident where the private sector funded infrastructure/equipment is not paid for on time, where the role of actors is not clearly defined, e.g., when academia intends to take a leading role in research and innovation acceleration and when government institutions are not well specified which leads to regulatory lock-ins. Instruments such as the Budapest Treaty (1997), viewing the bioeconomy only as an enabler of the overall economy rather than as an industry in and of itself, and intergovernmental as well as interministerial coordination of bioeconomy governance issues can address such weak network failures.



Our results should be interpreted as a first step towards identifying policy measures for a systemic bioeconomy transition. The positive feedback loops identified can be further investigated using quantitative methods to determine the thresholds for activating system transformations. As for the negative feedback loops, nudge policies can be proposed, or further research can be conducted to understand their underlying inertia.



The remainder of this paper is organised as follows. Section 2 provides background information on the three research objectives of this paper. Section 3 presents the methodological framework and research process, describing the CLDs approach. Section 4 outlines the results of our analysis. In Section 5, we discuss the core themes and leverage points that emerge from our analysis, describing the transition towards a knowledge-based health bioeconomy. Section 6 provides the conclusions and an outlook for future research. Finally, we outline the semi-structured questionnaire used, which is included as an appendix.




2. Presenting the Three Leverage Points


Leverage points refer to strategic points within complex adaptive systems where a slight alteration can cause significant system changes and bring about a transition. These are often counterintuitive, and if not, used backwards, systematically worsening the problem they are trying to solve. By adequately studying complex systems, it is possible to identify their leverage points. Meadows introduces a tentative hierarchy of leverage points in order of increasing effectiveness on the system. In Meadow’s hierarchy of leverage points, the power to transcend paradigms is presented as the most effective leverage point (see Figure 1):



While some critics argue that this leverage points framework is too complex and hierarchical, its interpretation remains flexible [15]. For instance, the rules of the system as outlined at leverage point five (5) may be reflected in the rates of subsidies, taxes, and standards included in leverage point twelve (12). Moreover, positive feedback loops around any of the other leverage points might occur, whose gains may be reflected as represented in leverage point seven (7) and so on. We expect the dynamics of the feedback loops identified for (i) the structure of information flows in the system, (ii) the rules of the system, and (iii) the goals of the system in preventive medicine for a health bioeconomy transition within Kenya’s health research and innovation ecosystem to provide information about the leverage points for a bioeconomy transition (see Figure 2).



Firstly, to investigate the structure of information flows, we assess how the configurations of the knowledge base within the sampled firms affect the emergence of a sectoral knowledge-based health bioeconomy in Kenya. We expect this configuration to focus on several knowledge fields that are most lucrative for competing in a global knowledge-based health bioeconomy, such as the emerging biosynthesis landscape [16,17]. As established in the scientometric empirical analysis by Breschi and colleagues, even the most diversified firms often tend to become more coherent. They increase their knowledge coherence by systematically finding patent technological classes related to the classes with which they started, as they expand their activities and diversify their actions [18]. This may seem counterintuitive, but it provides the basis for increased specialisation, which is necessary for the emergence of a sectoral system of innovation.



The theoretical underpinning is based on the patterns of sectoral and technological change [13,19] and system dynamics driven by cumulative and path-dependent processes [20], as demonstrated in the literature on the accumulation of technological capabilities in developing countries. This theory supports the notion of economies of scope in the “use of one body of knowledge”, implying that the same type of knowledge can be used as an input in multiple technology or knowledge fields [21,22] due to common heuristics and scientific principles. Therefore, we ask what knowledge fields are interlinked to disease prevention mechanisms and explore their potential to influence the transition to a sectoral knowledge-based health bioeconomy in Kenya. We anticipate that the firms interviewed will highlight common and related knowledge fields as important for the transition to a knowledge-based health bioeconomy. These fields are likely to share common heuristics and scientific principles.



The structure of information flows as a leverage point is defined in [6] as “who does and does not have access to what kinds of information”. This “new loop” refers to instances where information flows where it previously did not, causing the system to behave differently. To address the empirical gap on the determinants of knowledge diversification in the innovation ecosystem of preventive medicine in Kenya, we explore the determinants of diversification and the mechanisms that may enable increased knowledge diffusion given the dynamics between public versus private institutions in this ecosystem.



Our second objective looks at the rules of the system, asking how the strength of socio-technical regime institutions impacts the expansion of disease prevention research and innovation activities. Even if developing economies gain access to cutting edge technologies through their diffusion, the question of whether they can use this knowledge and these technologies to diversify their products and become players in the global new bioeconomy like other developed countries remains [23]. In the United Nations Conference on Trade and Development (UNCTAD) Report, Juma and Konde propose four factors that would facilitate broader participation of developing countries in the new bioeconomy. The first factor is that current globalisation patterns include developing country products. As might be expected, this depends not only on their domestic technological capacity but also on the type of global bioeconomy governance systems that emerge from policy debates [23].



Juma and Konde’s insights inform our analysis in this second investigation, in which we consider rules to be representative of the institutions responsible for firm selection and niche maturation in an innovation system [23]. These rules of a system have been proposed as an essential consideration in institutional literature [24,25] and defined as the incentives, punishments, and constraints in a system that determine its degrees of freedom [6]. For instance, [26] defines institutions as the formal and informal rules that organise social, political, and economic relations. Therefore, the configuration of institutions in the knowledge-based health bioeconomy will shed light on the associated governance-related leverage points. As Meadows suggests, “if you want to understand the deepest malfunctions of a system, pay attention to the rules and who has power over them.” [23].



Our research further recognises the empirical gap that it has not yet been established how firms’ internal decision rules influence their perception of the “rules of the system”. Nelson and Winter’s primary assumption regarding the behaviour of firms addresses why firms do what they do, or what factors shape their decision making [13]. Attempting to respond to this gap, we consider that the performance objectives of these firms are unique. Therefore, their internal decision rules are responsible for variables that guide how they respond to the incentives, punishments, and constraints in the innovation system, i.e., the bioeconomy governance systems. This in turn impacts the achievement of their unique performance objectives within the innovation system [27]. Therefore, as a second objective, we explore the factors that shape the decision making of the sampled firms, the interaction between these factors, as well as the incentives, punishments, and constraints that affect the expansion of disease prevention research and innovation activities. Such incentives, penalties, and constraints are reflected in the extent to which the state controls innovation activities, imposes barriers to entrepreneurship, facilitates trade and investment, and engages in biodiversity conservation. Ivanova and Chatzouz explored these and investigated the effect of the “rules of the system”, referred to in their study as “innovation policies” on sectoral productivity growth [28].



Our third objective is to explore the goals of the system, which often determine the general intent and outcome of system actors. For instance, genetic engineering is neither a bad nor a good tool. Its directionality depends on the goal of the actors using the technology [6]; the same is true for the exploitation of indigenous genetic resources, which are an advantage for a knowledge-based bioeconomy. The goals of the system reflect what the system does as a whole, as opposed to what anyone tells the actors in the system to do. Previously, we examined how a firm’s internal decision rules impact its perception of the “rules of the system”. However, regarding this third objective, we recognise that the decision rules of a firm cannot be summarised in the perspective of the firm’s leader expressed in an interview, which is the methodological approach of this research. It would be essential to investigate the overall “goal of the system”, defined by the general outcome of the actions taken by various actors as a leverage point, which Meadows describes as either survival, resilience, differentiation, or even evolution. We thus need to understand how the goals of the system can be measured [23].



Woolthuis and colleagues sought to clarify the application of the concept of systems failures to the theory of systems of innovation by drawing on literature to illustrate how these systems failures can be mapped in a mutually exclusive manner. This approach was intended to provide a framework for analysing policy actions to evaluate and explain the success of those policies within an innovation system. By defining these outcomes, the framework inadvertently communicates the general intentions and outcomes of its actors. Some of the exclusive systems failures listed include: infrastructural failures, transition failures, path-dependent failures, hard institutional failures, soft institutional failures, strong network failures, weak network failures, and capacity failures, attributed to system actors with heterogeneous profiles [14].



The observation that modern technical solutions, such as those in the knowledge-based health bioeconomy, are characterised by an increasing interrelatedness between heterogeneous actors and knowledge fields, causing firms to seek external knowledge sources within complex adaptive systems [29,30] influences our third research objective. In such a heterogeneous complex adaptive system, systemic imperfections can occur when combinations of mechanisms do not function efficiently and present risk areas [29]. Potential risk areas include misalignment of institutional infrastructures or even structural connectedness [31].



In response to the empirical gap in understanding the overarching goal of the system within the knowledge-based health bioeconomy in Kenya, we employ the analysis of system failures. We examine how they nudge the development of our target system. As noted by Woolthuis and colleagues, these system failures are associated with risk areas [14]. Examining the risk areas linked to the desired system, i.e., the knowledge-based health bioeconomy, allows us to extract some of the system failures.




3. Methodological Framework and Research Process


Employing a qualitative approach, we use CLD to explore leverage points around the structure of information flows, the rules of the system, and the goals of the system that are involved in the feedbacks governing the transition to a knowledge-based bioeconomy in preventive medicine in Kenya.



3.1. Causal Loop Diagrams as a Method


Causal loop diagrams (CLDs) help to highlight the internal assumptions of the preventive medicine systems in Kenya and the associated leverage points for transitioning to a bioeconomy. CLDs are a qualitative systems conceptualisation tool employed in model building that provide a language to illustrate the dynamic interconnected nature of the world [32,33]. They are part of the general body of configurational theorising in the area of complex causality. In configuration theorising, tools are used to map multifaceted interdependencies, probe connections, and articulate orchestrating themes that support underlying coherence [11,34,35]. They contrast with correlational configurations and address the challenge of complex interdependencies associated with socio-economic issues. These complex interdependencies are often explained through multiple factors that highlight their outcome(s) of interest. Therefore, the goal of CLDs is primarily communication rather than simulation [11], as they serve as a foundation for qualitative scenario building, quantitative system dynamics models, and stakeholder engagement in policy planning. The approach complements work of Birch and colleagues [5], who used CLDs to explore dynamics linked to the agricultural sector in Sweden.



We generated the diagrams and interpretations presented in the next section using the Vensim® Software (Version 8.0.9). These diagrams and interpretations may not represent the entire real context and are only general representations. As explained earlier, summarising a firm’s decision rules based on the perspective of their leader expressed in an interview is difficult. Given the participatory process, some causal factors or links may be missing due to missing data or participant representation. Some of the relations presented may not be causal.




3.2. Sample Size and Data Sources


We collected qualitative primary data through 16 semi-structured interviews with key informants using a mixture of purposive and theoretical sampling. This approach considered the four stakeholder groups involved in a knowledge-based health bioeconomy. In a ‘snowballing’ process, we conducted the interviews with selected individuals, including senior researchers, senior civil servants, research directors, pharmaceutical directors, and activists.



Participants needed to be thought leaders in their firms and the health bioeconomy domain. The selected firms are also considered competitive in the same field. After interviewing a participant, they often recommended another suitable interviewee to complement their responses and meet our research objectives. For instance, after interviewing the senior patent examiner due to his role in knowledge management, he recommended interviewing the Chief Executive Officer (CEO) of a leading health products regulation firm to ensure our research was substantive. Table 1 presents a list of interviewed profiles. We omitted details of their respective organisations for confidentiality.



We interviewed the participants about the health bioeconomy (see Appendix A for the general framework of the semi-structured interviews). The interview questions followed the three research objectives highlighted in the Introduction and Literature Review sections and included a preamble with questions related to the definitions of bioeconomy and preventive medicine.



The data collection process was iterative, as we referred to extant literature during the process, and participatory through repeated interviews with key informants. After an initial thematic analysis to highlight the variables of interest, we coded the transcripts in a qualitative analysis following grounded theory guidelines [36] in MAXQDA Analytics Pro (Release 20.2.2). We performed the thematic analysis using grounded theory guidelines to identify the most recurrent themes as the construction of pathways for system transition to a sectoral knowledge-based health bioeconomy in Kenya with trends from preventive medicine. The second iteration of the analysis provided the causations and associations which allowed us to construct the CLDs presented in Section 4 of this paper.





4. Results and Analysis


Before presenting the identified causations linked to the feedback mechanisms in the complex adaptive system specific to preventive medicine in Kenya, we introduce the definitions of bioeconomy and preventive medicine in the practitioners’ perspectives. This allows us to pave the way for the perceptions and causations drawn based on the three research questions addressed in this study.



4.1. Perceptions of the Bioeconomy


We conducted a keyword analysis based on the responses to the definition of a knowledge-based health bioeconomy. Some of the emergent keywords are knowledge, products, health, biological, economic, environment, improve, and sustainability. These keywords were mentioned with a frequency of 80% and above (see Figure 3 and Table 2).



The definitions provided describe the knowledge-based health bioeconomy as socio-economic improvement through health, biotechnology, and medical applications, whether linked to the use of biologics or to sustainable environmental and biodiversity practices, all of which are considered forms of capital. These applications rely heavily on coded, tacit, and indigenous knowledge. The role of indigenous knowledge is applied to biodiversity exploitation and traditional medicine considerations. Hence, the significant role of knowledge management in building a knowledge-based health bioeconomy becomes apparent.




4.2. Preventive Medicine and the Health Bioeconomy


The participants confirmed that a knowledge-based health bioeconomy is indeed an existing notion in the practise of preventive medicine in Kenya. Table 3 outlines some of the actions taken in a knowledge-based bioeconomy as presented by the stakeholder groups interviewed.



Prominent perspectives of the knowledge-based bioeconomy in preventive medicine can therefore be summarised in the following four areas:




	
Vaccine development: Considering that vaccines are essential to the discussions on preventive medicine, there is a need to develop vaccines relevant to the Kenyan population instead of just using those that have global significance. Simultaneously, there is a need to build capacity to develop these vaccines. One of the participants from the private sector argued, “There is already a strong business case for vaccine development, with Kenya having the potential to build a 200 million dollar-a-year industry, and in Africa from 1 to 2 billion. Vaccine development goes beyond being a niche and can be considered as an industry in and of itself”.



	
Cost of preventive medicine: Preventive medicine is cheaper for the economy, so it is valuable to prioritise it in the bioeconomy. When entomologists study the transmission mechanisms of the malaria parasite, they seek to establish better control mechanisms, which translates into preventive medicine.



	
Nutrition and preventive medicine: Preventive medicine is often linked to natural products and nutritional patterns of a population. This association encourages organic agriculture and more wholesome nutrition habits. In addition, the benefits of medicinal plants are often maximised when the plant is used without purification. Their overall anti-inflammatory properties allow them to target a range of diseases, hence the need for bio-conservation.



	
Climate considerations: One of the most apparent practical applications for preventive medicine and the knowledge-based health bioeconomy is collaborating with climate scientists to understand how the climate (or climate change) affects disease trends, the drivers of these trends, and how to address them.








Based on these insights and employing grounded theory principles [36] we constructed pathways for system transitions to a sectoral knowledge-based health bioeconomy in Kenya (see Figure 2). A dominant storyline emerges with the central phenomenon of causality around four areas (see also Figure 4):




	
Government inertia: For instance, the current industrialisation strategy does not focus on innovation, but on export processing zones. Fiscal measures and nudge policies are needed to build the bioeconomy, e.g., policies that reduce risks associated with innovation. Such measures enable the emergence of an innovation system specifically focused on health.



	
Bio-conservation, coding, diffusion, and valorisation of indigenous knowledge around traditional medicine: This is related to the establishment of an environment conducive to promoting and protecting intellectual property rights for socio-economic development.



	
Building business models appropriate for both academia and the start-up industry.



	
Institutional change of focus from a curative standpoint to a more preventive framework for clinicians and health implementers.








Through this same analysis, the following proposed interventions emerge:




	
Designing public policy for the health bioeconomy will ensure that health care implementers directly leverage data from researchers with clear intersectoral guidelines and complementarities;



	
Redefining the concept of value in the medical industry with regard to traditional vs. conventional medicine will lead to increased use of genetic information to develop preventive therapies and interventions specific to the local population;



	
Addressing the business models for academia will foster a thriving local pharma-manufacturing ecosystem;



	
Increased adoption of knowledge-based health interventions designed by scientists will create efficient health systems that reduce the number of misdiagnoses and cases of misuse of medication as well as improve patient health outcomes.








In the next sections, we present the causations linked to the feedback mechanisms in a complex adaptive system specific to preventive medicine in Kenya. These are presented as specific leverage points around the structure of information flows, rules of the system, and goals of the system.




4.3. Structure of Information Flows


Our findings show how the configuration of the knowledge base within the sampled firms affects the emergence of a sectoral knowledge-based health bioeconomy. Several loops can be derived from the overall CLD, as summarised at the end of this sub-section, with the outcome of interest being the degree of emergence of new knowledge domains necessary for a knowledge-based health bioeconomy. First, the “degree of understanding the responsibility of conducting research” leads to an increase in the “degree of cross-cutting roles between public and private institutions”, which in turn increases the “number and strength of public-private partnerships formed”. There seems to be a perception that the role of conducting research is reserved for the public sector. One of the participants indicated that, by definition, most research should be conducted by public institutions. At the same time, another participant noted that, “public universities have the key role of knowledge generation.” This reasoned argument seems to be a new emerging leverage point. If the responsibility for conducting research is also assigned to the private sector, this will affect the “number and strength of public-private partnerships formed”. More public-private partnerships (PPPs) would imply an increase in the “number and strength of private institutions obtaining funds and participating in R&D, i.e., knowledge-based industries”. Consequently, more knowledge domains would emerge, which are necessary for a knowledge-based health bioeconomy (see Figure 5).



Regarding public versus private firms’ participation in research and innovation activities, an increase in the “number and strength of private institutions obtaining funds and participating in R&D, i.e., knowledge-based industries” increases the “degree of technology transfer, i.e., conversion of information to knowledge to innovations”. One of the private sector actors noted that funding organisations tend to favour partnerships with private over public institutions, especially when it comes to direct institutional funding rather than treasury funding. Partnerships are often formed between development partners and leading private hospitals in the region. While these are important initiatives for the country, it was recognised that services offered would have been more accessible and available to a larger group of people, rather than a selected elite, if the partnership had been formed with a public sector entity.



Enhanced technology transfer leads to an increase in the “number and strength of platforms generated allowing for communities of practice to exchange ideas across specific or diverse themes” and, consequently, in the “number and strength of public-private partnerships formed”. This relationship positively affects the “ratio of problem-specific research conducted” and, as a result, the “ratio of cross-discipline and cross-domain models generated”. The more diverse these models are, the more knowledge domains emerge, that are required for a knowledge-based health bioeconomy (see Figure 6).



Some of the knowledge fields that have proven useful and influential in creating domains needed for a knowledge-based health bioeconomy and that should be included as R&D priorities are: ageing populations, artificial intelligence, bioinformatic applications in health, biosystems and bioengineering, biotechnology, diagnostics, healthcare management, home-based care, mental health, microbiomics, nutrigenics, obesity, protein extraction, proteomics, sociology of biotechnology acceptance, stem-cell technology, supply-chain management of health products, therapeutic, and vector ecology. Technology fields include diagnostics, e-health, manufacturing of pharmaceutical and medical devices, neonatal technologies, and vaccine development. Competences in basic research, knowledge management, and learning-based societies are also considered necessary.



Figure 7 below summarises the feedback loops and dynamics of the structure of information flows presented above.




4.4. Rules of the System


This section addresses how the strength of a socio-technical regime institution affects the expansion of disease prevention research and innovation activities. We hypothesise that the emergence of niches affects the development of radical or disruptive innovations.



Socio-technical systems theory argues that the main impediments to transitions are the need to overcome the rigidities and path-dependencies of existing, highly institutionalised system structures and to build new, more sustainable ones, as highlighted in the review of socio-technical regime institutions in the Australian urban water sector [24]. The regime-level consist of institutions and structures that reinforce socio-technical systems, whether individuals, firms, states, or social norms. The term “institutions” is understood from a neo-Schumpeterian perspective, where institutions are considered to dictate firm behaviour and the selection environment, leading to technological change [25], which we define in the context of regime-level entities in the multi-level framework. This definition recognises the co-evolutionary development of technologies, institutions, as well as social and economic subsystems.



Following the socio-technical regime paradigm, with respect to our second objective, we assume that the more lenient the institutions of the socio-technical regime, the easier it will be for firms to develop social and physical technologies that enhance niche emergence for a sectoral knowledge-based health bioeconomy in Kenya. More lenient institutions are less likely to foster path-dependency. As [24] points out, assessing a socio-technical system’s semi-coherence and its regime is important to evaluate potential transition trajectories in a more detailed approach. Perceptions of this leniency of institutions were established through a self-assessment of surveyed firms, juxtaposed with the factors shaping their internal decision rules.



We identified several loops from the overall causal loop diagram, as summarised at the end of this sub-section, with the outcome of interest being expansion of disease prevention research and innovation activities. First, a dominant loop derived from responses from academia and research institutions shows that the higher the “amount of funding raised for research activities”, the higher the “number of publications”; this in turn increases the “access to data and knowledge platforms”. Increased access drives an increase in the “degree of data centralisation” through institutions such as the KEMRI knowledge centre. The focus of this knowledge centre’s mandate is advocacy. This explains why the expansion of their actions would lead to an increase in the “extent to which the evidence from their research has been incorporated into decision making”. More evidence-based decision-making increases the “availability of critical skills for technological advancement”, meaning that human capacity exists to enable “increased technological improvements and their accessibility to populations”. These technologies may achieve the most pervasive patent, leading to an increase in the “impact on population health outcomes” by research and academia. Increased impact means that they have “relevance in the biotechnological world/ perceived strength of the socio-technical regime institutions” and political buy-in. Such buy-in will enhance “transparency in issuance of ethical, research and industry permissions”, which can only be hindered by “poor governance” structures and practices. This effect will significantly impact on whether or not interventions such as “promoting local vaccine manufacturing” are successful, and consequently whether or not there is “expansion of disease prevention research and innovation activities” (see Figure 8).



Second, a loop concerning the actions of private firms seems to be strongly interlinked with a government services causal loop. Private firms are primarily responsible for “promoting local vaccine manufacturing”, an activity that, along with bio-conversation, is central to the perception of promoting the health bioeconomy in the country. The “quality of service delivery to citizenry” determines whether the government can effectively engage in “creating an environment for the promotion and protection of industrial property rights for socio-economic development” which, consequently, affects the “extent to which the evidence from their research has been incorporated into decision making”. The more advanced the evidence-based policies, the lower the “perceived public institution inertia”. Inertia, however, would mean that there is a “multiplicity of regulatory institutions” which enable “bureaucracies within institutions leading to institutional inertia” and an increase in “time taken to obtain the necessary authorisations” by private firms. Coupled with “poor governance”, this means a delay in “promoting local vaccine manufacturing”, a phenomenon repeatedly experienced by the respondent private firms (see Figure 9). As one of the participants from a private pharmaceutical company said,




“In my mind, in an environment like ours in Kenya and to a large extent Africa, we have routine vaccines for medicines that are internationally important (polio, rotavirus, HPV). These vaccines are as relevant to Africa as they are relevant to France, and therefore, they are made available. So, you find that these vaccines are only developed and manufactured by Western companies, and currently, to some extent, Asian countries. There is almost none of that in Africa. It means two things. (A) We have vaccines that the antigens themselves may not be very relevant to us or may not work perfectly for us because they are designed and developed for other environments. (B) We do not have vaccines for diseases that are only relevant to us. Therefore, we are unable to prevent preventable diseases because we do not develop our vaccines. From a system transformational perspective, we are only doing what other regions are doing for us. We cannot develop our preventive medicines!”





Third, health practitioners are interested in first “obtaining data from clinical trials to support registration of products”, which then fosters “creating frameworks for capacity building, both human and infrastructural”. In this way, they are “promoting local vaccine manufacturing”, which ultimately leads to the “expansion of disease prevention research and innovation activities” (see Figure 10).



While obtaining data may be challenging for some health practitioners, there are no specific rigidities associated with the causal loop identified.



The feedback loops identified are crucial as they are responsible for the selection of innovative firms. Firms that can bypass institutional hurdles, such as turn-around time in service delivery and transparency in regulatory interventions, will be more successful. There seems to be reduced leniency in these two areas.



Figure 11 below summarises the feedback loops and dynamics of rules of the system presented above.




4.5. Goals of the System


This section focuses on how systems failures in Kenya nudge a socio-technical regime towards a knowledge-based health bioeconomy. Our objective was to use a configurational theorising approach to reveal the risk areas in the innovation system as expressed by research participants. In this way, the inherent system failures as well as the general intentions and outcomes of its actors ought to be revealed.



We employed the Woolthuis framework for systems failures in innovation policy design to categorise prominent systems failures unique to the knowledge-based health bioeconomy in Kenya. We focus on the weak institutional failures that emerged from our analysis. This type of system failure includes the lack of linkages between actors due to low complementarities.



From the perspective of private sector demand factors, these failures are manifested when payment plans are not respected in the acquisition of technologies such as diagnostics. Public health institutions, for instance, negotiated payment plans with private international firms to acquire equipment, but did not adhere to the previously agreed payment dates.



As for knowledge institutions, these failures are manifested in academia’s failure to understand its role in the knowledge economy, making it difficult to predict and anticipate what would happen in the health system. For instance, some universities sought to establish innovation incubators geared towards commercialisation, whereas their role in innovation should be invention, as one of the participants argued. This focus prevents them from realizing their full potential, which weakens the overall innovation system.



We observed a misspecifications and a structural disconnection between government-related institutions that should be working together. For instance, in the management of indigenous knowledge and genetic resources, there is a need for a legal regulation that allows the Kenya Industrial Property Institute (KIPI) to track technologies and genetically modified systems and to take required interventions when withdrawals are necessary, such as in case of unethical use of genetic resources. In these circumstances, KIPI should work directly with other research institutions in the country, whether local or international.



Overall, weak network failures are evident in the difficulty of establishing causations. Good research is conducted by academia and research institutions, but implementing agencies are not aware of these processes, entities work in silos assuming ideas are not cross-cutting, and ideas are implemented without full stakeholder involvement. For example, sub-national government hospitals are supplied with equipment but lack the technical know-how to use it [37,38].



Our focus on weak network failures allowed us to draw several causal loops, as summarised at the end of this sub-section, with the outcome of interest being the “strength of complementarities or actors within the system”. A first association appears when “considerations for the bioeconomy together with other sectors” increase. Here, the bioeconomy, and by extension the health bioeconomy, are considered only as drivers for the economy. We cannot consider the bioeconomy as an industry in and of itself. If we follow this perspective, in which the health bioeconomy is a part of a larger economy, one of the most important actions is to ratify important international treaties that enable intersectoral coordination. The interviewees highlight the Budapest Treaty (1977) as important, which requires parties to recognize microorganisms deposited as part of the patent procedure, irrespective of where the depository authority is located [39]. Participants argued that this policy move will break institutional silos by demanding research institutions to work more directly with the industrial property institute, and among themselves, to coordinate patenting of microorganisms used in their research.



Ratification of this treaty will “ensure inclusivity because the more inclusive you are, the less risks there are.” This inclusiveness is demonstrated, for example, by KIPI collaborating with local and international research organisations and by protecting local biodiversity. This cooperation can further motivate and enhance the “set up instruments that encourage collaboration”, e.g., funders can impose conditions in favour of collaborative proposals in their calls for proposals. The clarity achieved on the system’s roles and synchronicity will ensure “improved regulatory capacities” in the system. Eventually, these actions strengthen the system complementarities (see Figure 12).



Secondly, in connection with the previous causal loop, we observed that there may be “misspecified institutions”. In this case, the policy and institutional frameworks are already in place, but key linkages are missing. For one reason or another (including lack of infrastructure, leadership, adequate operating budgets, and support for emerging priorities), these institutions are unable to fulfil their mandate, resulting in functional deficits of the system. For instance, a biosciences policy was proposed, but has been revised several times in the past as debates on biotechnology, bioscience, health, information technology, and how to link these areas have not yielded results. Participants proposed to “set-up an intergovernmental-interministerial committee for the implementation of the bioeconomy” to deal with governance issues. In the interest of the health bioeconomy, this instrument will result in an “increased operationalisation of the Alma-Ata Declaration” in which traditional medicine is made a part of public healthcare [1]. Eventually, this will increase the “strength of complementarities of actors within the system.” This cooperation can further motivate and enhance the “set up of instruments that encourage collaboration” (see Figure 13).



Thirdly, with respect to the private sector, the “rate at which payments plans are respected” would affect the perspectives toward the “formation of public-private partnerships”. This cooperation, in turn, leads to an “increase in public-private sector collaborations”, increasing the “strength of complementarities of actors within the system” (see Figure 14).



Regarding academic stakeholder interests, key informants perceived “defined roles of actors in the health innovation system” would enable “defined leadership to reduce the level of siloed work by system actors”. Increased attention needs to be paid towards “training, sensitisation, leveraging champions”, as without sensitisation, uptake of generated knowledge can be challenging. Increased sensitisation leads to a “reduction in the cost of maintaining the health systems” and “increased health population outcomes”, i.e., a productive population that contributes to the “strength of complementarities of actors within the system” (see Figure 15).



Figure 16 below summarises the feedback loops and dynamics of goals of the system presented above.



After outlining the emergent CLDs, we discuss the leverage points identified in the next section.





5. Transition Pathways towards a Knowledge-Based Health Bioeconomy


The ideas of the knowledge-based bioeconomy outlined in this paper align with those proposed by global knowledge networks such as the Global Bioeconomy Summit, that define bioeconomy as “the production, utilisation and conservation of biological resources, including related knowledge, science, technology and innovation to provide information, products, processes and services in all economic sectors aiming towards a sustainable economy.” [40]. The discussions focus on activities in health, biotechnology, and medical applications. This confirms that health is indeed an integral part of the bioeconomy, given the intersection between the use of biologics and sustainable environmental and biodiversity practices [41,42].



Regarding practical applications of preventive medicine, interviewees identified the development of local vaccine as a central need. Designing public policy for the health bioeconomy, redefining values, addressing the business models of system actors, and increasing the acceptance of knowledge-based health interventions are starting points for addressing causalities specific to preventive medicine in Kenya.



As for the first leverage point examined on the structure of information flows in the system, as shown in the results, knowledge diffusion appears to be decoupled between public and private institutions. In our case, there is an overriding perception that research is the domain of public research and academic institutions. This notion could potentially explain the reduced number and strength of private institutions obtaining funding and participating in R&D activities. This finding aligns with international trends observed Arora and colleagues where larger (better-known) firms tend to invest in patentable technical knowledge rather than scientific research [43,44].



The knowledge domains necessary for a competitive knowledge-based health bioeconomy are: ageing population, artificial intelligence, applications of bioinformatics in healthcare, biosystems and bioengineering, biotechnology, diagnostics, healthcare management, home-based care, mental health, microbiomics, nutrigenics, obesity, protein extraction, proteomics, sociology of biotechnology acceptance, stem-cell technology, supply-chain management of health products, therapeutic, and vector ecology. Further scientometric analyses would determine the degree of relatedness between the knowledge-outputs of the sectoral system of innovation. If there is convergence between the knowledge fields highlighted, this would lead to enhanced innovation in the technology areas of diagnostics, e-health, manufacturing of pharmaceutical and medical devices, neonatal technologies, and vaccine development. Competencies in fundamental research, knowledge management, and learning-based societies are also necessary.



As for the second leverage point examined on the rules of the system, the assumption regarding the behaviour of firms deals with factors shaping their decision making. We investigated the factors that influence firms’ decision making and elicited how this affects their perception of the rules of the system, basing our conceptual framework on institutions to assess the socio-technical system’s semi-coherence and its regimes. The feedback loops generated show that the firms’ behaviour is strongly interconnected and semi-coherent. For instance, the amount of funding available to research firms (a decision-shaping factor) affects how they contribute to knowledge generation, which has an impact on the relevance they gain in the biotechnology domain. However, poor governance, as measured by government effectiveness in terms of the quality of bureaucracy and institutional effectiveness, is a critical leverage point in the system that can alter overall performance, impacting the public-service turnaround time, transparency, and regulatory interventions [45].



Finally, for the third leverage point examined on the goals of the system, system failures beyond incentive-based firm behaviour were extended to investigate other system failures influencing firm behaviour. We elaborated on more comprehensive, process-oriented reasoning. Our findings indicate that incentive-based motivations are supported by more profound influences on firm behaviour, such as the need for environmental conversation, socio-economic development, fair-trade, respect for indigenous knowledge, and human and infrastructural capacity building [31]. This complements the findings of an empirical study in Korea, where environmental uncertainty, proxied by the average growth in the industry, number of competition, and instability of sales in the industry, has a significant mediating effect on managers’ entrepreneurial orientation towards R&D investments [46]. Referring to the Woolthuis systems failure framework [14], weak network failures were found to be the predominant system failure affecting knowledge diffusion. A lack of structural connectedness or complementarity among network actors prevents such networks from playing their ‘catalyst’ role for inter-organisational learning, which restricts transfer of information and knowledge over long distances [31].



Several solutions can be proposed to address these weak network failures, including adopting new perspectives that leverage open innovation to develop new business models. Yun and colleagues propose several models to make ‘new’ business models in a knowledge-based economy. They propose that these new approaches can focus the customer, user, social-entrepreneurship, or even the engineer open innovation-based business models [47]. Just as an example, engineering open-innovation based approaches would seek to identify the knowledge management approaches employed in the different institutions to optimise a systems-level knowledge-management framework, thereby addressing the questions of complementarities. Therefore, further in-depth analyses could identify the functional deficits caused by such network failures and model more effective policy interventions as well as new entrepreneurial strategies for open innovation.




6. Conclusions and Future Research


This paper sought to understand the feedback dynamics associated with Kenya’s preventive medicine research and innovation as well as its contribution to a knowledge-based health bioeconomy. Sectoral development underpins the emergence of desirable features of the system. These include the expansion of disease prevention research and innovation activities, the emergence of new knowledge domains necessary for a health bioeconomy, and strong complementarities among system actors.



Many connections exit among the three leverage points explored in this research. Highlighting these leverage points is the first step in identifying policy measures for a systemic bioeconomy transition. This research offers practical value for designing policy interventions in this system. Subsequent research could involve the quantitative examination of the causal loops we identified.



Positive feedback loops can be observed in the following cases: First, regarding the structure of information flows, sharing the responsibility of research between public and private sector actors can enhance technological diversification. Second, regarding the rules of the systems, we observe a positive feedback loop between health practitioners’ access to data for clinical trials and their contribution to the production of vaccine. Third, concerning the complementarities of system actors, positive feedback loops emerge for private sector actors and academia dynamics. We conclude that actions within the positive feedback loops, if activated, can promote the proliferation of business activities within the health bioeconomy. Further quantitative empirical research may reveal the threshold for activating system transformations.



Negative feedback loops are evident in issues of transparency in research, governance, turnaround-time for government processes, and leveraging research to support policymaking. Targeted nudge policies could be proposed, and further research conducted to better understand the reasons for inertia related to these leverage points.
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Appendix A


General Framework of Semi-Structured Questionnaire



Questions posed through the semi-structured key informant interviews were as below:




	
Welcoming and gathering of participant information




	
Introduction to the research project, researcher background, research process.



	
Tell me about your background and your current position?



	
Are you already familiar with the knowledge-based bioeconomy concept? How would you define a knowledge-based bioeconomy/how do you understand the concept?



	
In what ways do you/your organisation/employer work with a knowledge-based bioeconomy?








	
Preventive medicine as a transition pathway to a sectoral knowledge-based health bioeconomy




	
Can you describe a desirable development that would follow from a transition to a sectoral knowledge-based health bioeconomy in Kenya? What is the desired change that a transition would bring (short term/long term)?



	
What indicators could be used to trace/measure this development?



	
Can you give examples of actions or proposals to implement to facilitate a transition process?



	
What are the main challenges to overcome in order to facilitate a transition process?



	
Can you come to think of any unintended consequences following a transition process?








	
Knowledge base (knowledge interactions and diffusion)




	
What knowledge fields interlinked with disease prevention mechanisms do you think are potentially relevant for the transition to a sectoral knowledge-based health bioeconomy in Kenya?



	
What are your ambitions for technological diversification? What drives this ambition for diversification?



	
How can systems be designed in the desired knowledge-based bioeconomy such that knowledge diffusion in the field is intensified? What frontier technology fields should be ranked as R&D priorities for the next five (5) years?



	
In knowledge-based industries, new knowledge is more likely to emerge from the science sector, i.e., from public universities and public research institutions. What are your comments on this?








	
Institutions and niche emergence




	
What are some of the key factors that shape your decision making? Based on your day-to-day activities, what does profitability mean for you as a firm?



	
Have you experienced any institution-related barriers in the last five years in your research and innovation activities? Which are these? What institutions are most implicated in your research and innovation activities?



	
Have you experienced any institution-related barriers in the last five years in your trade and investment activities? Which are these? What institutions are most implicated in your trade and investment activities?








	
Transdisciplinary innovation processes to include network of diverse stakeholders—system failure and bioeconomy transition




	
Can you give examples of uncertainties or areas of risk linked to a transition process?



	
What measures could reduce this uncertainty/risk?



	
What actors should take lead in the transition process?



	
Can you give examples of actors or perspectives relevant to the bio-based economy, but currently being overlooked in the general debate?



	
What would be desirable effects on the sectorial health level, and on a national level?
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Figure 1. Meadow’s hierarchy of leverage points (adopted from [6]). 
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Figure 2. Conceptualisation of leverage points for a knowledge-based bioeconomy transition. 
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Figure 3. Word cloud representing the definitions of the concept of a knowledge-based health bioeconomy. 
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Figure 4. Constructions of pathways for system transitions to a sectoral knowledge-based health bioeconomy in Kenya with trends from preventive medicine. 
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Figure 5. Technological diversification dynamics around the effect of knowledge diffusion in the creation of new knowledge domains for a knowledge-based health bioeconomy in Kenya. 
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Figure 6. Public-private-partnerships in research and innovation dynamics around the effect of knowledge diffusion on the creation of new knowledge domains for a knowledge-based health bioeconomy in Kenya. 
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Figure 7. Dynamics of information flows in the creation of new knowledge domains for a knowledge-based health bioeconomy in Kenya. 
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Figure 8. Academia and research institution dynamics around the effect of socio-technical regime institutions on the expansion of disease prevention research and innovation activities in Kenya. 
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Figure 9. Private sector and government dynamics around the effect of socio-technical regime institutions on the expansion of disease prevention research and innovation activities in Kenya. 
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Figure 10. Health practitioner dynamics around the effect of socio-technical regime institutions on the expansion of disease prevention research and innovation activities in Kenya. 
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Figure 11. Dynamics around the impact of socio-technical regime institutions on the expansion of disease prevention research and innovation activities in Kenya. 
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Figure 12. System dynamics around the effect of systems failures on the development of a socio-technical regime in a knowledge-based health bioeconomy towards a dedicated system of technological innovation in Kenya. 
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Figure 13. Government/policymaker dynamics around the effect of systems failures on the development of a socio-technical regime in a knowledge-based health bioeconomy towards a dedicated system of technological innovation in Kenya. 
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Figure 14. Private sector dynamics around the effect of systems failures on the development of a socio-technical regime in a knowledge-based health bioeconomy towards a dedicated system of technological innovation in Kenya. 
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Figure 15. The dynamics of academia around the effect of systems failures on the development of a socio-technical regime in a knowledge-based health bioeconomy towards a dedicated system of technological innovation in Kenya. 
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Figure 16. Dynamics around the impact of systems failures on the development of a socio-technical regime in a knowledge-based health bioeconomy towards a dedicated system of technological innovation in Kenya. 
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Table 1. Participating Profiles.






Table 1. Participating Profiles.





	
Organisation Category

	
Position of Key Informant






	
R&D organisation or academic institution (research)

	
Senior Lecturer Biochemistry Department




	
Medical Entomologist




	
Research Scientist—Biostatistics




	
Chief Scientist—Center for Biotechnology Research and Development (CBRD)




	
Private sector (biomass transformation)

	
Group Head- Strategy, Business Development and Communications




	
Good Manufacturing Practice, Quality Assurance Regional Manager




	
Application Specialist—Molecular Biology




	
Trade Advisor—Healthcare




	
Health practitioner (health system actor)

	
Physician and Global Health Specialist




	
Co-Founder and CEO, Global Health Impact Investment and Social Entrepreneurship




	
Chief Research Officer and Senior Clinical Trialist




	
Programme Manager—International Development (Bioeconomy)




	
Government (regulation and support)

	
Senior Patent Examiner—Biotechnology Industry




	
Senior Biostatistician—Pharmaceutical Products Examination




	
Chief Research Officer—Medical Knowledge Management Platform




	
CEO—Health Products Regulation
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Table 2. Word frequency of the definitions of the concept of a knowledge-based health bioeconomy.






Table 2. Word frequency of the definitions of the concept of a knowledge-based health bioeconomy.





	Word
	Frequency





	knowledge
	7



	products
	5



	health
	4



	biological
	3



	economic
	3



	environment
	3



	improve
	3



	sustainable
	3
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Table 3. Actioning the knowledge-based health bioeconomy.






Table 3. Actioning the knowledge-based health bioeconomy.





	Stakeholder Group
	Actions in the Knowledge-Based Health Bioeconomy





	R&D organisation or academic institution (research)
	Applying the first principles of nature and traditional medicine to conventional medicine.

Managing knowledge emanating from research projects and programmes, which principally leverages biological resources. This knowledge is used to inform policy design, for instance on a change in malaria prevention products due to resistance patterns in the population.

A demand-led approach of linking start-ups with academics so they can access platforms offering lab infrastructure or clinical trials.

Linking academic scientists with industry players to develop concrete products for industry.

Using biology to understand diseases and make new interventions. For instance, through the regional biobank housed in the region, they understand the genetic factors around the malaria parasite and use it to design the next line of drugs and vaccines.



	Private sector (biomass transformation)
	Improving the country’s diagnostics fields by deploying and implementing technological interventions and innovations that improve the turnaround time of diagnosis. These interventions improve the rapidity of decision making by clinicians who know whether to admit a patient or not, eventually saving costs.

Promoting, marketing, and providing export markets for companies in a knowledge-based bioeconomy to expand their technology or sell their know-how.

Developing biological molecules with medical and manufacturing applications and developing the technologies for manufacturing. Importantly, it does not just involve the development of biologics but also the value-addition processes in the ecosystem from R&D to market consumption.

Developing therapeutics from product development to deployment to the health system, focusing on building their infrastructure, not as a physical space but leveraging networking capacity and platform use with global partners, hence as a virtual centre. Therefore, acting as a catalyst for product development for the bioeconomy. An example is the Indian Open Platform for Product Development which does not rely on individuals living in India but using the Indian minds anywhere in the globe to feed into what they are doing in India.



	Health practitioner (health system actor)
	Strengthening the health system around maternal and child health, urbanisation, well-being, education and youth empowerment, the future of work and population health, especially in the ageing population.



	Government/policymaker (regulation and support)
	Regulating the country’s pharmaceutical and medical industry activities to improve the products on the markets and promote human health. The analysis of proposed products thus enables their conversion to marketable products.

Structuring the national industrial property infrastructure for the bioeconomy, especially with regard to the Convention on Biological Diversity (CBD) (1992) and the Trade-Related Aspects of Intellectual Property Rights (TRIPS) Agreement (1994). The country has made some efforts regarding the first CBD objective on conservation. Advances have been made on objective two (sustainable utilisation of biodiversity) but much remains to be done before objective three, access and benefit sharing, will be achieved. By shaping the national infrastructure for industrial property, they will guide the development of the national bioeconomy.
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Causal Condition

1. Need to design public policy
for the health bioeconomy will
ensure that health implementers
feed directly on data from
researchers with clear
intersectoral  guidelines and
complementarities;

2. Need to redefine the notion of
value in the medical industry
regarding traditional \]
conventional medicine will lead
to increased use of genetic
information to develop

preventive therapies and
interventions specific to the
local population;

3. Need to address the business
models for academia will foster
a thriving local pharma-
manufacturing ecosystem; and,

4. Need to increase uptake of
knowledge-based health
interventions  conceived by
scientists will create efficient
health systems with reduced
misdiagnoses, reduced misuse of
medications and  improved
patient health outcomes.

Central phenomenon of causation

1. Government inertia: For instance,
the current industrialisation strategy
is not built around innovation but
around export processing zones.
Fiscal measures and nudge policies
are necessary to build the
bioeconomy, e.g. those that allow
derisking  innovations.  These
measures will allow for the
emergence of a system of
innovation specific around health.

2. Bio-conservation, coding,
diffusion, and valorisation of
indigenous  knowledge  around

traditional medicine: This ties up
with  providing a conducive
environment for promoting and

protecting intellectual  property
rights for socio-economic
development.

3. Building business models

appropriate for academia and also
appropriate for the start-up industry.
4. Institutional change of focus from
a curative standpoint to a more
preventive framework for clinicians
and health implementers.

Context towards strategies

1. A gradual process where capacity
building precedes acquiring more
sophisticated infrastructure. In the short
term, handle the basics, like producing
fill and finish products. In the medium
term (7-10 years), start manufacturing
the application programming interface(s)
(APIs). In the long-term, develop
molecules upstream which are specific
to our local population needs. This way,
an ecosystem dedicated to the
knowledge-based health bioeconomy
emerges.

2. Protecting and nurturing bioeconomy
resources to the extent of using
biodegradable material in medical
equipment and working environments.

3. Addressing the unmet need of local
vaccine manufacturing, starting from
fundamental level to levels of more
sophistication

4. Enhance training to have
professionals understand the multi-
sectoral, multi-professional needs of the
health bioeconomy, including
sensitization of stakeholders and
towards a learning and knowledge-
sharing culture.

Intervening conditions towards strategies

1. Setting up procurement processes
unique for their health system owing to
the unique physical and need-based
characteristics.

2. Setting up an inter-ministerial
implementation committee for the
bioeconomy, especially on biodiversity,
access and  benefit-sharing.  The
committee addresses strategies such as
joining the Budapest Treaty, which
controls the deposit of microorganisms
for patent purposes.

3. Getting a clear visionary leadership on
the political class and government to
enable good buy-in for needed
investments.

4. Educating the stakeholders on the
overall stakes of the bioeconomy and
demystifying the technologies and
terminologies associated.

Strategies (and their indicators)

1. Strategies linked to 1st Causal Condition

Traineeship programs on new and
adaptable technologies.

Degree of implementation of policies.
Degree of public awareness and
knowledge by population on the stakes
of the knowledge-based health
bioeconomy.

Degree of sustainability of innovations
and interventions developed, reducing
dependency on grants.

2. Strategies linked to 2nd Causal Condition

On traditional medicines R&D,
assessing what worked and what failed,
both at the molecule and devise level.
Degree of empowerment of local
institutions to support policy and
implementation of Articles 11 and 69 of
the Kenyan constitution

Establishment of an inter-ministerial
implementation committee for the
bioeconomy.

Number of therapies and vaccines
developed leveraging on the resources
available through the regional biobank.

3. Strategies linked to 3rd Causal Condition

Number of pharmaceutical companies
focusing their R&D efforts towards
traditional medicines and associated
knowledge.

Degree of engagement in the local
manufacturing process, even without
prior authorisation by international
bodies, to build local -capacity
development and pre-qualifications.
Degree of involvement of venture
capitalists in the knowledge-based
health bioeconomy with preventive
medicine applications.

4. Strategies linked to 3rd Causal Condition

Number of people showing up in health
facilities over preventable diseases and
the kinds of ailments associated.

Total population health, mortality and
morbidity linked to these diseases.
Private vs public spending on health.
Health system efficiency

Public vs private spending on R&I.

Consequences

1. Health implementers feed
directly on research data, with
clear intersectoral guidelines and
complementaries. This way, there
are more enhance home-grown
products.

2. Using genetic information to
develop preventive therapies and
interventions specific to the local
population. Targeted therapy that
can prevent diseases even before
they happen.

3. A thriving local pharma-
manufacturing ecosystem and
adopted business models where
academia  understands  their
specific role in innovation.

4. Efficient health systems with
reduced misdiagnoses, reduced

misuse of medication, and
improved patient health
outcomes.  Universal  health

coverage to allow for more
comprehensive preventive
medicine policies to be instituted
and implemented.
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