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Introduction

National-level innovation reflects the ability of a country to generate novelty in the techniques it uses and the products and services it makes for the local and international market [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF]. The received wisdom is that countries with greater innovative competence tend to have higher incomes, better education and sounder institutional environments [START_REF] Archibugi | Measuring technological capabilities at the country level: A survey and a menu for choice[END_REF][START_REF] Etzkowitz | The triple helix: university-industry-government innovation in action[END_REF][START_REF] Freeman | The 'National System of Innovation' in historical perspective[END_REF].

The link appears intuitive when one considers the various institutional systems and forms of capital (human, physical, financial and social) needed for advanced R&D1 . However, seminal works on national innovation systems -in particular the 'Triple Helix' model of innovation [START_REF] Archibugi | Measuring technological capabilities at the country level: A survey and a menu for choice[END_REF][START_REF] Etzkowitz | The triple helix: university-industry-government innovation in action[END_REF][START_REF] Freeman | The 'National System of Innovation' in historical perspective[END_REF][START_REF] Leydesdorff | Triple Helix indicators of knowledge-based innovation systems: Introduction to the special issue[END_REF][START_REF] Lundvall | National systems of production, innovation and competence building[END_REF] --rely mainly on analyzing the drivers of technological innovation in the Global North. [START_REF] Freeman | The 'National System of Innovation' in historical perspective[END_REF], for instance, writes in depth about the role of Europe, the US, Japan, East Asia (non-Japan), Latin America (a worsening context) and even the former USSR in his historical account of national innovation systems. [START_REF] Leydesdorff | Triple Helix indicators of knowledge-based innovation systems: Introduction to the special issue[END_REF] special issue on Knowledge-Based Innovation Systems included insights mainly from Europe and North America, although there is some evidence from Malaysia.

Africa has traditionally received little attention in this literature. More recent research, however, has highlighted the continent's innovative potential in various countries, sectors and types of innovation [START_REF] Mavhunga | Introduction: What Do Science, Technology, and Innovation Mean from Africa?[END_REF][START_REF] Robson | Entrepreneurship and innovation in Ghana: enterprising Africa[END_REF]. Some studies on national-level innovation have included African countries as part of a global sample without analyzing the continent separately (e.g., [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF]. Other work focuses on innovation in specific countries in Africa (Oyelaran-Oyeyinka, [START_REF] Oyelaran-Oyeyinka | Industrial innovation in Sub-Saharan Africa: the manufacturing sector in Nigeria[END_REF], specific types of institutions such as universities [START_REF] Etzkowitz | The triple helix of innovation: Towards a university-led development strategy for Africa[END_REF][START_REF] Müller | On the value of foreign PhDs in the developing world: Training versus selection effects in the case of South Africa[END_REF], and innovation in specific sectors in Africa (e.g., [START_REF] Carlisle | Supporting innovation for tourism development through multi-stakeholder approaches: Experiences from Africa[END_REF]. Despite this, few studies have examined macro-level determinants of innovation at country level across the continent [START_REF] Oluwatobi | Innovation in Africa: Why institutions matter[END_REF].

We address this gap by analyzing the determinants of national-level innovation in Africa. Understanding these determinants is important both from a theoretical perspective (where traditional theory may not apply) and a policy perspective (to encourage a virtuous cycle of innovation, development and growth in a continent that lags in both areas). We cast our net in two policy directions: international policy affecting innovation [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF][START_REF] Onafowora | Can trade liberalization stimulate economic growth in Africa?[END_REF] and domestic policy influencing innovation [START_REF] Barnes | Globalization and the death of the local firm? The automobile components sector in South Africa[END_REF][START_REF] Tomizawa | Economic growth, innovation, institutions, and the Great Enrichment[END_REF][START_REF] Zarenda | Directing industrial strategy in South Africa: policy choices for the nineties[END_REF]. In the international policy arena, nations' engagement with other countries can influence how investment and knowledge spillovers for innovation come about. Here we include trade arrangements (economic integration), export specialization (the problem of the resource curse), and inward migration of people (social capital). In the domestic policy arena, countries concentrate on internal factors that are considered long-term determinants of innovation within their own borders. Here we include education (investment in human capital), control of corruption (institutional quality), financial inclusion ('reaching the unbanked'), and internet usage (closing the digital divide).

Using this framework, we develop and test seven hypotheses on data from up to 39

African countries for which reliable information is available, adding robustness tests and alternative operationalizations of our variables of interest. Given that there is no single reliable indicator of innovation in developing countries [START_REF] Fagerberg | Innovation and economic development[END_REF], we test a range of seven indicators as alternate dependent variables, including some that are objective and some that are subjective in nature. Collectively, results from these different tests indicate that innovation in African nations is explained most consistently by trade arrangements (integration into regional trade agreements) and financial inclusion (access to financial resources needed for investment or innovation). An exploratory part of our work finds that the trade arrangements route to innovation is more relevant to poorer countries at an earlier stage of their economic development, while the financial inclusion route is more likely to be taken by relatively richer countries.

The present study makes a number of contributions. First, we provide new insights into how African countries innovate, even at low levels of economic development. After taking into account income levels and income growth, we identify a combination of salient factors that explain national innovation in Africa. Second, we offer insights into how African countries develop from an innovation perspective: through a combination of trade arrangements (one aspect of the openness factor in Fagerberg and Srholec's (2008) study) and financial inclusion (a factor that has recently gained more attention -e.g., [START_REF] Lashitew | Mobile phones for financial inclusion: What explains the diffusion of mobile money innovations[END_REF]. We show that other arguments in the literature --including those related to the resource curse, human and social capital, and the digital divide--do little to explain innovation in Africa according to our tests. This raises questions for how theory surrounding innovation in the African context needs to develop, and what lines of thinking will be most and least relevant as scholars study innovation there. Third, our post-hoc analysis suggests a contingency effect for how trade arrangements and financial inclusion influence innovation in Africa. While overall economic development has no direct effect on national-level innovation, it does act as a boundary condition on the relevance of other policy areas, in particular those dealing with trade arrangements and financial inclusion. We believe this finding can enrich the policy debate around innovation in the African context and contribute to an integrated theory of change for Africa.

Background and hypotheses

According to [START_REF] Mavhunga | Introduction: What Do Science, Technology, and Innovation Mean from Africa?[END_REF], the prevailing mindset assumes that Science, Technology and Innovation (STI) is the preserve of richer, northern-hemisphere countries, many of which were colonial powers in Africa. As Mavhunga (2017: 7) notes: "Although there is now a large body of social science and humanities literature on technology design and use relating to the Global North, Africa is made conspicuous by its absence from the discussion. When it is included, it comes into the story only as a recipient of technology transfer from the North or as a victim of (Western and colonial) technology or its appropriators." Africa can and does innovate, however. Many examples exist in the literature. [START_REF] Schot | Developing a Shared Understanding of Transformative Innovation Policy[END_REF] draw attention to social and grassroots innovation in Africa. [START_REF] Oyelaran-Oyeyinka | Industrial innovation in Sub-Saharan Africa: the manufacturing sector in Nigeria[END_REF] show how adaptive and incremental industrial innovation took place in Nigeria in the 1990s, motivated by a range of constraints, both physical and institutional, that local firms faced. [START_REF] Robson | Entrepreneurship and innovation in Ghana: enterprising Africa[END_REF] also note that incremental innovation was present in their study of small businesses in Ghana. [START_REF] Lashitew | Mobile phones for financial inclusion: What explains the diffusion of mobile money innovations[END_REF] show how Africa more recently has had the highest mobile money adoption rate in the world. Overall, while Africa traditionally may not have followed the same technological trajectory as the Global North, it has manifested resourcefulness and an ability for deploying and developing technology for specific needs and improvements in the quality of life [START_REF] Daniels | Science, Technology, and Innovation in Africa: Conceptualizations, Relevance, and Policy Directions[END_REF].

Although Africa is not included in the seminal works on R&D and national innovation systems [START_REF] Etzkowitz | The triple helix: university-industry-government innovation in action[END_REF][START_REF] Freeman | The 'National System of Innovation' in historical perspective[END_REF][START_REF] Leydesdorff | Triple Helix indicators of knowledge-based innovation systems: Introduction to the special issue[END_REF][START_REF] Lundvall | National systems of production, innovation and competence building[END_REF], a growing literature on innovation in specific sectors and countries in Africa underscores its innovative capability and transformative potential. Writers like [START_REF] Fagerberg | Innovation and economic development[END_REF] argue that innovation has a different meaning and form in developing countries, and maintain that national-level innovation should not be considered the purview of only the first world. In agriculture, for example, [START_REF] Sumberg | Systems of innovation theory and the changing architecture of agricultural research in Africa[END_REF] highlights the importance of adapting from systems of innovation theory for the case of Africa. More prevalent small-scale farming and rural livelihoods mean that the nature of institutional collaboration and the demand for innovation will both be different. In the tourism sector, [START_REF] Carlisle | Supporting innovation for tourism development through multi-stakeholder approaches: Experiences from Africa[END_REF] examine cases of innovation in The Gambia and Tanzania, arguing that the institutional environment needs to support tourism innovation--especially through collaborations and networking --in order to make African destinations attractive. While much of the African innovation literature only contains country-specific studies (e.g., [START_REF] Oyelaran-Oyeyinka | Industrial innovation in Sub-Saharan Africa: the manufacturing sector in Nigeria[END_REF][START_REF] Robson | Entrepreneurship and innovation in Ghana: enterprising Africa[END_REF], some examine national-level innovation across African countries [START_REF] Asongu | Mobile Phone Innovation and Technology-driven Exports in Sub-Saharan Africa[END_REF][START_REF] Pouris | The state of science and technology in Africa (2000-2004): A scientometric assessment[END_REF]. [START_REF] Oluwatobi | Innovation in Africa: Why institutions matter[END_REF], for instance, sample 40 African countries from the perspective of institutional quality, finding that government effectiveness and regulatory quality have a positive impact on innovation.

These analyses do cover multiple African countries, but they tend to be limited to a specific lens.

In our study, we widen the lens to examine a spectrum of policy areas that have the potential to enhance the transformative effect of innovation on individual countries in Africa.

We classify these into one of two domains: international and domestic. International policy looks beyond the country's borders and seeks to transform a country by accessing outside opportunities and resources [START_REF] Onafowora | Can trade liberalization stimulate economic growth in Africa?[END_REF]. In this realm countries depend on outsiders for some form of external 'assistance' [START_REF] Rutazibwa | The problematics of the EU's ethical (self) image in Africa: the EU as an 'ethical intervener' and the 2007 joint Africa-EU strategy[END_REF] that responds to national policy. Domestic policy, meanwhile, seeks to influence outcomes by changing norms and behaviors inside the country [START_REF] Barnes | Globalization and the death of the local firm? The automobile components sector in South Africa[END_REF][START_REF] Tomizawa | Economic growth, innovation, institutions, and the Great Enrichment[END_REF][START_REF] Zarenda | Directing industrial strategy in South Africa: policy choices for the nineties[END_REF]. It is less about resources and opportunities outside of the nation's borders, and more about how the social and economic system --including formal and informal institutions [START_REF] Tomizawa | Economic growth, innovation, institutions, and the Great Enrichment[END_REF]--within the country can encourage innovation [START_REF] Barnes | Globalization and the death of the local firm? The automobile components sector in South Africa[END_REF][START_REF] Zarenda | Directing industrial strategy in South Africa: policy choices for the nineties[END_REF]. We and other scholars argue that aspects of both international and domestic policy influence national innovation in Africa. The conceptual model is shown in Figure 1.

------------------------------------------- Insert Figure 1 here -------------------------------------------

International policy to stimulate innovation

Trade arrangements (economic integration with other countries). Economists argue that the gains from trade help to increase countries' production and consumption possibilities, enhancing total welfare. Competing with foreign producers gives local firms incentives to be more innovative, efficient and competitive overall, and this further boosts growth in a virtuous, self-sustaining cycle [START_REF] Romer | Increasing returns and long-run growth[END_REF]. For companies located in low-income countries, trade broadens demand for their products to markets outside their borders, permitting economies of scale and greater efficiency. [START_REF] Dollar | Trade, growth, and poverty[END_REF] noted that when the world's countries are classified into globalizers and non-globalizers, the former show higher growth rates . Focusing on Africa, Brückman and Lederman (2012) found that greater openness to international trade had boosted economic growth.

Trade through economic integration also opens the door to greater innovation. [START_REF] Grossman | Innovation and growth in the global economy[END_REF] argued that one channel for trade to boost growth is local knowledge capital. This is likely to vary positively with the extent of contact between locals and international research and business communities, which rises as trade grows. Hence more trade means more local knowledge capital, which boosts endogenous technological progress and growth. [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF] argue that trade is a key aspect of a country's openness that is vital to stimulate innovation. The key point is that these are facilitated by economic integration of a focal country with other countries.

Although intra-African trade is small compared to that of other regions (15% of Africa's total trade, compared to 67% for intra-Europe and 58% for intra-Asia; [START_REF] Fofack | Building African customs union: Economies of scale through regional trade[END_REF], it is relatively higher in manufacturing content and has a higher labor and technological intensity than trade with the rest of the world [START_REF] Fofack | Building African customs union: Economies of scale through regional trade[END_REF] and UNCTAD (2011 and 2018)). In pursuit of these gains, African countries have long sought intra-regional economic integration. Eight separate regional communities have been created there (see Appendix A) and every African country belongs to at least one bloc. Many are customs unions, but some involve free movement of people. Sub-groups of states in the West African Economic and Monetary Union and the Central African Economic and Monetary Community even share a single currency. We expect that the greater the number of intraregional trade arrangements signed by a given African country and the more deeply it is integrated into these arrangements, the more it is likely to engage in national-level innovation.

H1: Ceteris paribus, intra-African regional trade arrangements will have a positive influence on national-level innovation in Africa.

Export specialization (resource curse problem). Scholars have demonstrated how

countries with abundant natural resources can suffer from a "resource curse" (Sachs and Warner, 1995). Alongside other problems, a narrow resource export focus can push up the value of the currency and crowd out growth and innovation in manufacturing, causing such countries to have less stable growth and job creation over the long run than resource-scarce economies [START_REF] Frankel | The Natural Resource Curse: A Survey of Diagnoses and Some Prescriptions[END_REF]. The United Nations Economic Commission for Africa (UNECA) noted that African countries' exports were dominated by fuels and to a lesser extent ores and metals, sold to their developed-country partners (UNECA, 2015); while [START_REF] Zafar | The growing relationship between China and Sub-Saharan Africa: Macroeconomic, trade, investment, and aid links[END_REF] warned that Chinese demand for natural resources from Africa exposed the continent to the risk of commodity booms. [START_REF] Fofack | Building African customs union: Economies of scale through regional trade[END_REF] identified two characteristics of African trade --its excessive dependence on natural resources and primary commodities, and its structural bias toward extra-African trade--as "the most onerous constraints on Africa's development prospects and effective integration into the global economy". Specialization in natural resource exports may explain why Africa has enjoyed fewer benefits from trade than other regions of the world. There are some "growth winners" in the world that are also resourceabundant, and [START_REF] Mehlum | Institutions and the resource curse[END_REF] argue that the quality of institutions influences how the resource curse affects a country. However, Africa's lower quality of institutions overall [START_REF] Oluwatobi | Innovation in Africa: Why institutions matter[END_REF] may mean that resource producers are more likely to be "grabbers" rather than "producers" in [START_REF] Mehlum | Institutions and the resource curse[END_REF] terms, tending to use their capacity to appropriate rents from natural asset endowments rather than to develop innovation capacity. H2: Ceteris paribus, trade dominated by natural resources will have a negative influence on national-level innovation in Africa.

Inward migration (social capital).

Researchers have found that migrants from outside a country's borders can make a positive contribution to innovation inside the country [START_REF] Bernstein | The contribution of highskilled immigrants to innovation in the United States[END_REF][START_REF] Hunt | How much does immigration boost innovation?[END_REF][START_REF] Hunt | Skilled immigrants´ contribution to innovation and entrepreneurship in the US[END_REF]. The expected positive immigration-innovation link is similar to that for trade and innovation: migrant networks build external social capital and connect locals with ideas from outside their borders. In [START_REF] Audretsch | What's new about the new economy? Sources of growth in the managed and entrepreneurial economies[END_REF] portrayal of the entrepreneurial knowledge-based economy, worker mobility plays a central role. Knowledge spill-overs occur in geographically delineated areas, and the ability for workers to be mobile and bring their knowledge into the area is critical. [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF] argued that a country's openness -important for stimulating innovation-is not just about trade and FDI; it has a migration component too2 . Supporting research shows that migrants foster innovation when they move to a region, more than do the universities and small firms present there [START_REF] Faggian | Human capital, graduate migration and innovation in British regions[END_REF]. [START_REF] Bernstein | The contribution of highskilled immigrants to innovation in the United States[END_REF] showed that immigrant investors are more likely to rely on foreign technologies and collaborations. [START_REF] Scheffran | Migration as a contribution to resilience and innovation in climate adaptation: Social networks and co-development in Northwest Africa[END_REF] showed that immigration helped promote knowledge transfer leading to innovation in climate adaptation in northwest Africa. Immigrants' contributions have been less studied in contexts where they are mainly unskilled, which may be the case in many African countries. We still expect, however, that the exchange of ideas and the links to other countries that immigration entails provide a richer environment for innovation.

H3: Ceteris paribus, inward migration will have a positive influence on national-level innovation in Africa.

Domestic policy to stimulate innovation

Education (investment in human capital). Researchers have long argued that there is a positive link between human capital (skills) and national-level innovation [START_REF] Baumol | Entrepreneurship: Productive, unproductive, and destructive[END_REF][START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF][START_REF] Freeman | The 'National System of Innovation' in historical perspective[END_REF]. [START_REF] Audretsch | What's new about the new economy? Sources of growth in the managed and entrepreneurial economies[END_REF] stressed that governments should invest in education and human capital to foster an entrepreneurial, knowledge-based economy. Formal education provides a basis for this: new technologies and the innovation process seem to require the kind of human capital that is generated through formal education. [START_REF] Wang | Determinants of R&D investment: The extreme-bounds-analysis approach[END_REF] found in a cross-country study of 26 OECD countries that tertiary education had a positive effect on R&D intensity in the 1996-2006 period, while [START_REF] Williams | University-industry collaboration in R&D: the role of labor market rigidity[END_REF] found that the R&D labor pool in a country positively influenced university-industry collaboration in R&D and was highly correlated with the country's human development index. [START_REF] Müller | On the value of foreign PhDs in the developing world: Training versus selection effects in the case of South Africa[END_REF] examined the effects of foreign versus domestically trained science PhDs in South Africa in terms of their career success and research output, finding that a similar quantity and quality of research output was produced by the PhDs being trained in South Africa compared to non-African countries in the developed world. Local universities have an important role to play in "upgrading" developing countries (Müller, Cowan and Barnard, 2018: 899). In a factor analysis of data across 115 countries, [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF] found that education (primary, secondary and tertiary) loads strongly on a factor they label 'innovation system', which includes items for scientometric outputs (patents, S&T articles and ISO certifications). H4: Ceteris paribus, higher levels of education will have a positive influence on nationallevel innovation in Africa.

Control of corruption (institutional quality).

It is widely acknowledged that institutions play a key role in countries' economic performance. Studies have found positive links between control of corruption and numerous indicators of economic success, including income growth (Kaufmann and Kraay, 2003), human development (Rose-Ackerman, 2004), productivity (Rivera-Batiz, 2002 andLambsdorff, 2003) and FDI flows (Mauro, 1995 andLambsdorff, 2003). Corruption also may affect innovation performance. [START_REF] Baumol | Entrepreneurship: Productive, unproductive, and destructive[END_REF], focusing on the structure of incentives within nations, posited that in corrupt environments individuals had incentives to direct their activities toward non-productive outcomes like rentseeking, monopoly or crime rather than to productive outcomes like innovation. Teece (1981) andLuhmann (1988) theorized that corrupt environments increase uncertainty and transaction costs, making innovation less likely. A longitudinal study of 64 countries by Anokhin and Schulze (2009) confirmed that better control of corruption was associated with higher levels of innovation and entrepreneurship. Focusing on Africa, [START_REF] Oluwatobi | Innovation in Africa: Why institutions matter[END_REF] found that government effectiveness and better regulatory quality had a significant positive impact on innovation across 40 countries. H5: Ceteris paribus, control of corruption will have a positive influence on national-level innovation in Africa.

Financial inclusion ('reaching the unbanked').

While the financial sector has undergone dramatic change in Africa, the proportion of the population with access to a formal bank account or loan is still much lower there than elsewhere in the world. There is persistent inequality in financial account ownership between men and women, old and young, rich and poor, higher and lower educational levels and those in or out of the labor force (the latter in each case has less financial access). The high cost and risk of formal banking in most African economies has hampered the growth of traditional institutions. Financial inclusion is boosted, however, by informal traditional vehicles like savings clubs, and by innovations such as mobile money [START_REF] Lashitew | Mobile phones for financial inclusion: What explains the diffusion of mobile money innovations[END_REF] which have spread across Africa.

Financial inclusion has attracted increasing attention from researchers as a potential driver for growth, development and innovation. [START_REF] Beck | Financial inclusion and innovation in Africa: An overview[END_REF] posited that greater financial inclusion -which in its broadest sense means access to any kind of a financial account, whether in a traditional bank, mobile accounts or private savings clubs-improves people's income-earning potential, raises their savings, stimulates activities outside of farming, enables better management of financial risk, and increases spending on necessities, hence reducing poverty. It may also be a vehicle for more inclusive growth.

Africa has recently led the way in financial inclusion based on mobile money [START_REF] Lashitew | Mobile phones for financial inclusion: What explains the diffusion of mobile money innovations[END_REF]. When governments switch to digital rather than cash payments, this greater use of financial accounts also reduces corruption and raises efficiency in the public sector [START_REF] Demirguc-Kunt | The Global Findex Database 2017: Measuring financial inclusion and the fintech revolution[END_REF]Global Findex Database, 2017), supporting economic development, entrepreneurship and innovation. H6: Ceteris paribus, financial inclusion will have a positive influence on national-level innovation in Africa.

Internet usage (bridging the digital divide)

. The internet provides enormous potential for countries to innovate. It allows entrepreneurs and innovators to connect with customers and co-create value with them [START_REF] Sawhney | Collaborating to create: The Internet as a platform for customer engagement in product innovation[END_REF]. A variety of mechanisms can be used on the internet to support product innovation, including both frontend (ideation and new product conceptualization) and back-end (product design and testing) processes [START_REF] Sawhney | Collaborating to create: The Internet as a platform for customer engagement in product innovation[END_REF]. Internet usage also allows innovators to work on projects with a variety of partners, suppliers and universities. Online communities form the basis for open innovation and the sharing of ideas to underpin tacit knowledge exchanges in pursuit of novelty [START_REF] Dahlander | Online communities and open innovation[END_REF]. Governments can use policy tools to promote the diffusion of broadband internet and encourage local innovation, as noted in the cases of China and Korea [START_REF] Choi | Institutions and broadband Internet diffusion in emerging economies: lessons from Korea and China[END_REF]. Fuchs and Horak (2008) note that the so-called digital divide (i.e., the differences between advanced and developing countries in terms of their digital technological progress and use) has been a prominent concern for Africa, with penetration rates significantly lower than outside the continent (2.6% for Africa compared to 17.9% for the rest of the world).

However, since their study, there has been a growth of telecommunications and internet infrastructure across Africa, and the digital divide has narrowed as internet, mobile application and social networking sites have grown there [START_REF] Lashitew | Mobile phones for financial inclusion: What explains the diffusion of mobile money innovations[END_REF][START_REF] Mavhunga | Introduction: What Do Science, Technology, and Innovation Mean from Africa?[END_REF]. Many remote locations that are difficult to reach because of poor physical transportation infrastructure have bridged the digital divide through mobile telecommunications and increasing use of the internet. By 2011, Africa had the fastest growing mobile phone penetration in the world, and this was expected to boost productivity throughout the economy [START_REF] Carmody | The informationalization of poverty in Africa? Mobile phones and economic structure[END_REF]. Africa also has developed its own internet-based social networking sites such as MXit, African-zone and Yookos [START_REF] Mavhunga | Introduction: What Do Science, Technology, and Innovation Mean from Africa?[END_REF]. We expect this narrower digital divide and increasing intra-continental connectivity in Africa to lay a foundation for greater diffusion of information and knowledge of opportunities and how to exploit them in new ways. H7: Ceteris paribus, diffusion of internet use will have a positive influence on national-level innovation in Africa.

Data and methodology

Our sample of countries includes African nations for which reliable secondary data was available. Depending on the variables selected, the sample size in our tests ranged from 27 to 39 (out of 54 countries). The independent variables for the seven hypotheses were captured as averages for the ten-year period 2006-2015, and the dependent variables (also seven) were captured for the subsequent years, mainly 2016 and 2017 (2018 and 2019 in one instance). We used this approach to reduce the effects of spurious values in any specific year as well as to introduce a time lag between independent and dependent variables. The list of African countries for which reliable indicators were available at the time of our data collection is shown in Appendix B. Although many African countries are omitted from this study, our sample is an excellent representation of the continent: these countries accounted for more than 90% of the nominal GDP and population of Africa. Their populations range from tiny Cabo Verde and Mauritius to Africa's most populous countries (Ethiopia and Nigeria), and they represent all regions of North and sub-Saharan Africa.

Dependent variable: National-level innovation

The question of which indicators best capture the extent of innovation in developing countries is the subject of lively debate. Objective technological capacity indicators are highly correlated both with one other and with levels of human development [START_REF] Fagerberg | Innovation and economic development[END_REF]. However, researchers note that innovation in developing countries may not resemble the formal, organized R&D and high-technology capabilities seen in the developed world, making it more of a challenge to measure innovation there [START_REF] Fagerberg | Innovation and economic development[END_REF]. Although African countries have become more active in organized high-technology R&D [START_REF] Asongu | Mobile Phone Innovation and Technology-driven Exports in Sub-Saharan Africa[END_REF][START_REF] Oluwatobi | Innovation in Africa: Why institutions matter[END_REF], many individuals and firms draw on their resourcefulness and adaptive capability in a way that is not easy to capture with standard R&D and formal institutional indicators [START_REF] Robson | Entrepreneurship and innovation in Ghana: enterprising Africa[END_REF][START_REF] Scheffran | Migration as a contribution to resilience and innovation in climate adaptation: Social networks and co-development in Northwest Africa[END_REF]. Hence researchers face a difficult challenge finding an ideal indicator to measure innovation in Africa3 . While it clearly is not a simple question of "bench science" [START_REF] Mavhunga | Introduction: What Do Science, Technology, and Innovation Mean from Africa?[END_REF], there are few objective alternatives to the traditional proxies for innovation: IP generation, scientific and technical journal articles, patents and high-technology exports [START_REF] Asongu | Mobile Phone Innovation and Technology-driven Exports in Sub-Saharan Africa[END_REF][START_REF] Oluwatobi | Innovation in Africa: Why institutions matter[END_REF][START_REF] Pouris | The state of science and technology in Africa (2000-2004): A scientometric assessment[END_REF].

Being conscious of this dilemma, we used a range of traditional/objective indicators alongside more subjective ones for alternate dependent variables. Three of our innovation indicators are based on objective data, three are based on subjective data 4 , and one includes a mix of both. The objective data (e.g., patents, scientific articles, high-tech exports) capture phenomena that can be easily quantified, aligning with the argument that Africa has become a more powerful force in formal STI and R&D in the last decade. These indicators have drawbacks, however: they may not reflect some types of innovation that are occurring, often in informal markets or households or on a small scale; or they may report an innovation that is never used (e.g., patents; see Jung et al. ( 2008)). Hence subjective indicators, which use surveys to discover whether and how organizations are innovating, offer a different perspective and capture activity that the objective indicators may omit. However, they are subject to measurement error and have sometimes been found to seriously over-report innovation [START_REF] Cirera | Measuring innovation using firm-level surveys: Evidence from developing countries[END_REF]. To resolve this dilemma, we decided to use a combination of both objective and subjective indicators as alternate dependent variables.

To represent the innovation performance of the African countries in our study, we used alternatively three objective indicators --(1) intellectual property applications by residents (patents, trademarks and industrial designs), (2) articles in scientific journals, and

(3) high-technology exports as a % of manufactured exports-and three survey-based indicators: (4) a composite of six items from the 12 th pillar from the World Economic Forum's executive opinion survey which relates to innovation inputs in a country, (5) a business dynamism indicator from the 11 th pillar of the same survey in 2017 and 2018, and (6) a composite of seven questions from the World Bank's Enterprise Survey carried out in numerous African countries and relating to various aspects of innovation for 2016 and 20175 .

We also used one mixed indicator: (7) the Global Innovation Index (Cornell Insead WIPO), which comprises 80 indicators from 30 data sources. We took the average of 2016 and 2017 scores. Definitions, measurements and sources for all main variables are shown in Appendix C. Appendix C also shows how these different approaches all have been used in research on national-level innovation in African or developing countries in the past.

Independent variables

Trade arrangements. Capturing a country's degree of openness to trade is another data challenge. Openness to trade (exports plus imports as a per cent of GDP) may suffer from the small-country bias: smaller countries are less self-sufficient and tend to import more products, making them appear more open, all else equal. This measure also might capture mainly natural resource exports and few or no manufactured goods in some countries, with entirely different implications for innovation. Openness has been criticized as well for being an outcome-based measure rather than a policy measure [START_REF] Mullings | Growth by Destination: The Role of Trade in Africa's Recent Growth Episode[END_REF]. In an effort to reflect policy stance rather than outcomes and to focus on intra-African trade, we crafted a policy variable to reflect the commitment to trade and economic integration by African countries. The Africa Regional Integration Index6 , created jointly by the African Union Commission, the African Development Bank and the Economic Commission for Africa, assigned a score in 2016 for each country's degree of commitment to the various African regional integration schemes mentioned above, on five dimensions: trade integration, regional infrastructure, productive integration, free movement of people, and financial and macroeconomic integration (see Appendix D). We summed the scores when a country belonged to more than one scheme. We used the trade integration variable for our main test (Brückman and Lederman, 2012).

Export specialization. We used an overall export concentration index, the Herfindahl-Hirschmann index, with values ranging from 1 (indicating that exports are concentrated in very few products) to 0 (reflecting the greatest diversity in exported products) as a proxy for heavy specialization in resource exports. The source was the African Trade Report from the African Export-Import Bank.

Inward migration. To represent the level of inward migration in the countries in our sample, we used the World Bank's variable international migrant stock as a per cent of population.

Education. We used the adult literacy rate as a proxy for education captured from the World Bank Databank. Internet usage. We used the World Bank Databank's indicator on individuals using the internet (per cent of population).

Control variables

For our analysis, we selected four control variables that have been used in crosscountry studies as determinants of national-level innovation. We controlled for inward FDI stocks in the country, since FDI contributes to physical capital accumulation, employment and local competition and provides spillover effects related to technology (Borensztein, de Gregorio and Lee (1995)). We used inward FDI stock as a per cent of GDP on average for the 2006-2015 period, sourced from UNCTAD. We also controlled for economic growth and level of economic development [START_REF] Allard | Political instability, pro-business market reforms and their impacts on national systems of innovation[END_REF]. Economic growth can enhance innovation in a country, as it gives it greater investment capacity. The average of real GDP growth rates was used for the years 2006-2015. Since developed countries are usually associated with sophisticated national innovation systems [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF], we controlled for the overall level of economic development as reflected by GDP per capita in US dollars and PPPs (purchasing-power parity), averaged for 2006-2015. Finally, in order to represent one of the many non-economic factors outside the country's control, we used a dummy variable to control for the landlocked status of the country. A lack of direct access to ports constrains trade and direct spill-overs from trade and inward investment [START_REF] Raballand | Determinants of the negative impact of being landlocked on trade: an empirical investigation through the Central Asian case[END_REF], often leading to a 'prisoners of geography' problem [START_REF] Hausmann | Prisoners of geography[END_REF].

We assigned either a 0 (landlocked) or a 1 (sea access) to each of the countries in our sample.

Analysis and robustness tests

We conducted our analyses in two stages. In the first stage, we used correlation analysis and various linear regression models to understand the data and test the individual hypotheses. For the regression models, we were mindful of the ratio of variables to sample size, and initially entered each of the variables of interest individually. For completeness, we also ran models with all variables entered, although we paid careful attention to changes in variance inflation factors (VIF). Following [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF], we then ran backward stepwise regression models using a removal threshold at 20% significance and reintroduction threshold at 15% significance. This has the effect of eliminating variables not contributing to each model and keeping the ratio of variables to observations and VIFs low.

In the second stage, we conducted a series of robustness tests and additional analyses. The robustness tests involved alternative proxies for trade arrangements, export specialization, financial inclusion and education. Finally, as an exploratory extension we conducted descriptive analysis using two-way scatter and linear fit plots in Stata in order to understand differential effects of the most salient independent variables from the initial regression tests.

Results

Main findings

Table 1 shows bi-variate correlations and descriptive statistics for the unstandardized variables of interest. As expected, landlocked countries are poorer, indicative of their geographic disadvantages [START_REF] Raballand | Determinants of the negative impact of being landlocked on trade: an empirical investigation through the Central Asian case[END_REF], but have a higher average economic growth rate, at odds with [START_REF] Hausmann | Prisoners of geography[END_REF]. They also have a lower inward FDI stock and less internet use, possibly reflecting their lagging levels of economic development. Economic development is positively correlated with control of corruption (r=0.46, p<0.01), financial inclusion (r=0.57, p<0.001), education (r=0.56, p<0.001) and internet usage (r=0.60, p<0.001), all as expected. Internet usage is strongly positively correlated with FDI stock (r=0.57, p<0.001) and financial inclusion (r=0.71, p<0.001), reinforcing observations on the growing use of internet applications for mobile banking in Africa [START_REF] Lashitew | Mobile phones for financial inclusion: What explains the diffusion of mobile money innovations[END_REF][START_REF] Mavhunga | Introduction: What Do Science, Technology, and Innovation Mean from Africa?[END_REF], as well as FDI stock (r=0.57, p<0.001).

- ------------------------------------------Insert Table 1 here -------------------------------------------A summary of the effects for each independent variable and each test is shown in Table 2, and Appendix E contains the detailed regression models. Table 3 shows the results of backward stepwise estimation. Prior research at national level in Africa and emerging economies has interpreted 10% significance levels [START_REF] Asongu | Mobile Phone Innovation and Technology-driven Exports in Sub-Saharan Africa[END_REF], albeit as marginally significant [START_REF] Oxley | E-commerce readiness: Institutional environment and international competitiveness[END_REF]. Given the nature of our study and sample, we followed [START_REF] Wasserstein | Moving to a world beyond "p< 0.05[END_REF] in choosing not to distinguish between p=0.049 and p=0.051 as being categorically different while basing our interpretation on the pattern of results across a multitude of tests. We interpreted more meaningful support for hypotheses when correct predictions were made on both objective and subjective data. Overall, we see the most consistent support for Hypothesis 1 (trade arrangements) and Hypothesis 6 (financial inclusion). These are correctly estimated 10 and 11 times respectively out of the initial 14 tests and 7 out of 7 times and 6 out of 7 times respectively in the stepwise regressions. We find partial support for Hypothesis 5 (control of corruption) (8/14 tests correct in Table 2 and 4/7 correct in Table 3) followed by Hypothesis 7 (internet usage) (6/14 and 3/7) and Hypothesis 2 (export specialization) (5/14 and 1/7). The prediction for control of corruption in both Tables 2 and 3 is only supported by the subjective data. Education (Hypothesis 4) hardly receives support (2/14 and 0/7 in Tables 2 and3). Inward migration (Hypothesis 3) receives no support and is in fact negative in two of the tests in both Tables 2 and3.

- ------------------------------------------Insert Tables 2 -3 here -------------------------------------------

Robustness and additional analysis

International policy robustness tests. For trade arrangements we created a sum of the eight African integration schemes (Appendix A) to show which countries have opened their markets most fully first to trade, and then to economic integration overall. Our sum of integration agreements score was positively correlated with average intra-African exports and with the sum of intra-African exports plus imports for this period (exports and imports to African countries divided by exports and imports to the world for each country in 2006-2015; UNCTAD data). This alternative measure produced positive and significant coefficients as expected (e.g., β=1.17, p<0.05, n=34 for IP applications by residents and β=0.53, p<0.001, n=39 for the GCR 12 th pillar). For export specialization we tested several other indicators of resource-intensive exports: 1) the UNCTAD's export specialization indices (in pearls, precious stones and non-monetary gold, in ores and metals, and in fuel), 2) the World Bank's indicator for fuels plus ores and metals exports as a per cent of merchandise exports, and 3) a binary variable assigning a 1 to oil producers belonging to the African Petroleum Producers' Association (APPA) and a 0 to non-producers (Sachs and Warner, 1995) (sourced from APPA). These alternative indicators for export specialization were not significant (e.g., for the APPA flag: β=-0.37, p=0.59, n=34 for IP applications by residents and β=-0.22, p=0.12, n=39 for the GCR 12 th pillar).

Domestic policy robustness tests.

To represent education, besides adult literacy we used public spending on education, as well as gross enrollment at secondary, tertiary and upper secondary levels [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF] (World Bank Education database, averaged for 2006-2015). None of these were significant (e.g., for public spending on education: β=0.19, p=0.35, n=33 for IP applications by residents and β=0.03, p=0.32, n=38 for the GCR 12 th pillar). As an alternative to institutional quality indicators to replace control of corruption, we used political stability and absence of violence from the World Bank's World Governance Indicators database (this correlated with control of corruption in our sample; r=0.72, p<0.001, n=39). In regression models, this alternative indicator was also insignificant (e.g., β=-0.45, p=0.22, n=34 for IP applications by residents and β=0.07, p=0.38, n=39 for the GCR 12 th pillar). For an alternate measure of financial inclusion we used the Global Findex variable "account" which reflects the percentage of people over 15 years old who own or co-own any kind of a financial account, formal or informal and including mobile money [START_REF] Lashitew | Mobile phones for financial inclusion: What explains the diffusion of mobile money innovations[END_REF] (sourced from the Global Findex database).

There were mixed results with this, although the signs were positive (e.g., β=2.43, p=0.30, n=32 for IP applications by residents and β=2.52, p<0.01, n=37 for the GCR 12 th pillar). As a robustness test for internet diffusion we used mobile money account (sourced from Findex), also noting mixed results (β=1.47, p=0.44, n=30 for IP applications by residents but β=1.03, p<0.01, n=34 for the GCR 12 th pillar).

Overall, trade arrangements and financial inclusion have the most consistent impact on domestic innovation in Africa (Table 2). We explored these two variables further with two-way scatterplots for innovation against trade arrangements and financial inclusion respectively (Figures 2 and3). For this exercise we created a composite variable for innovation using the standardized values for all 7 indicators (α = 0.66) to identify the leading African innovators. Depending on the variable used on the x-axis, the countries with higher values varied. For trade arrangements, Egypt, Ivory Coast, Kenya, Nigeria, Rwanda, Tunisia, Uganda and Zambia predominate at higher levels of trade arrangements (Figure 2). A completely different set of countries stands out at higher levels of financial inclusion: Mauritius, Morocco, South Africa and Tunisia (Figure 3). Table 4 shows the differences between these two groups of countries in terms of our control variables. Trade arrangements and innovation are highest in countries that are relatively poorer -albeit faster growing-and have less FDI stock and a greater likelihood of being landlocked. On the other hand, financial inclusion and innovation are highest in countries that are relatively richer with higher FDI stocks, but are growing at a slightly slower rate. None of these are landlocked. Figure 4 shows the fit through the scatter plots for all cases grouped by GDP around the mean, and for each of the two independent variables. The effect of trade arrangements on innovation is positive and reaches a higher level for poorer African countries compared to richer ones. The effect of financial inclusion on innovation is more pronounced at lower levels of financial inclusion for poorer countries compared to richer ones, but reaches a higher level for richer countries. Given that poorer African countries also tend to suffer from diseases that are negatively associated with economic development [START_REF] Béguin | The opposing effects of climate change and socio-economic development on the global distribution of malaria[END_REF], we also explored the effect of incidence of malaria (collected from the World Bank) using linear fit plots. Figure 5 shows the fit around the mean for incidence of malaria for our sample. This indicates a very similar pattern for high malaria incidence countries to the poorer countries in Figure 4, supporting the negative association between tropical disease and economic development in these types of countries.

- ------------------------------------------Insert Figures 2345Insert Table 4 here -------------------------------------------

Discussion

We decided to analyze innovation in African countries because they are largely overlooked in seminal work on R&D and national innovation systems, and yet there are strong signs that the continent is in fact highly innovative, particularly in specific sectors and at informal and grassroots levels [START_REF] Daniels | Science, Technology, and Innovation in Africa: Conceptualizations, Relevance, and Policy Directions[END_REF][START_REF] Oluwatobi | Innovation in Africa: Why institutions matter[END_REF][START_REF] Oyelaran-Oyeyinka | Industrial innovation in Sub-Saharan Africa: the manufacturing sector in Nigeria[END_REF][START_REF] Robson | Entrepreneurship and innovation in Ghana: enterprising Africa[END_REF].

Our approach was to use several objective and subjective indicators of innovation and explore a range of policy arenas, international and domestic, that may have stimulated innovativeness. While scholars argue these all have the potential to influence the generation of novelty in a country, we find the strongest and most consistent effects from trade arrangements (international policy) and financial inclusion (domestic policy), and we discovered that the potency of these effects varies by the level of economic development of the country.

Reflection on the individual policy areas

The finding for trade arrangements (economic integration) does not come as a surprise. The development literature has long theorized over the importance of trade to positive economic outcomes including knowledge spillovers and development of knowledge capital (Brückman and Lederman, 2012;[START_REF] Grossman | Innovation and growth in the global economy[END_REF]. However, our finding for the robustness test goes beyond a narrow focus on trade to explore the degree of policy commitment to deeper economic integration. It also extends [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF] definition of a country's openness as a factor predicting national-level innovation. In [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF] study, a country's openness consists of imports of merchandise and inward FDI stock. They do not consider the additional benefits of wider structural openness brought about by actual economic integration with neighboring countries. [START_REF] Antonietti | Inward greenfield FDI and innovation[END_REF] found that inward FDI (which we controlled for separately) only increases local patenting in knowledge-intensive services, a sector that has been under-developed in Africa. It could also be explained by [START_REF] Brambilla | Foreign direct investment and the incentives to innovate and imitate[END_REF] finding that FDI spillovers lead to more imitation but not innovation.

For financial inclusion, we find strong support for recent literature that advocates 'reaching the unbanked' with financial services to promote innovation in Africa [START_REF] Lashitew | Mobile phones for financial inclusion: What explains the diffusion of mobile money innovations[END_REF]. Financial inclusion -which does not feature in seminal works on national innovation systems--has only recently been linked with positive outcomes in terms of growth and innovation [START_REF] Beck | Financial inclusion and innovation in Africa: An overview[END_REF]. Our finding is consistently strong across various operationalizations, including broader aggregates that incorporate mobile money usage and savings club memberships. The finding underlines the importance for scholars to consider factors that stimulate investment (of people's time, as well as money) in activities outside of their core social and economic activity. Our finding provides support to [START_REF] Tomizawa | Economic growth, innovation, institutions, and the Great Enrichment[END_REF] who underline the importance of both formal and informal domestic institutions in promoting innovation and economic development. It also brings attention to the need for scholars to be more sensitive to financial inclusion indicators in research on national innovation systems. Inclusivity has been explored in research on innovation at firm level, for instance in corporate innovation and creativity in large organizations. When we move the level of analysis to the country, similar mechanisms seem to be at play and researchers should take note of this important determinant of innovation.

We find mixed support for the control of corruption (Luhmann, 1988;Teece, 1981), internet usage [START_REF] Sawhney | Collaborating to create: The Internet as a platform for customer engagement in product innovation[END_REF] and export specialization (Sachs and Warner, 1995;[START_REF] Mehlum | Institutions and the resource curse[END_REF] hypotheses. These are less consistent across tests than trade arrangements and financial inclusion. For control of corruption, we only find support for the subjective measures, suggesting that corruption actually may hinder innovation in emerging countries less than believed. Or it could indicate that its effect is rather nuanced: keenly felt in the social environment for innovation, but not affecting inventiveness and scientometric output once appropriate institutions for these are established.

For internet usage, we did note a significant and positive correlation between internet usage and financial inclusion, which suggests that it may not be the general use of the internet that matters, but rather its application to financial inclusivity. Proponents of the internet-use argument in developing countries might want to consider this finding. A possible explanation for the export specialization results lies in how [START_REF] Mehlum | Institutions and the resource curse[END_REF] extended Sachs and Warner's (1995) work in showing how institutions determine whether the resource curse argument applies. We assumed that the institutions of Africa's resource producers broadly fall into the category of "grabbers" in [START_REF] Mehlum | Institutions and the resource curse[END_REF] terms.

This may be an over-simplification, since Africa has a mix of "grabbers" (e.g., Angola) and "producers" (e.g., Botswana), thus blurring the argument. However, it should be noted there is no significant interaction when we run a moderating effects model with institutional factors.

We were surprised to find little support for education's role in promoting innovation [START_REF] Wang | Determinants of R&D investment: The extreme-bounds-analysis approach[END_REF], even as we tested with different indicators ranging from literacy rates to secondary education. Education appears in much of the work on national innovation and knowledge-based economies [START_REF] Audretsch | What's new about the new economy? Sources of growth in the managed and entrepreneurial economies[END_REF][START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF], including in Africa [START_REF] Müller | On the value of foreign PhDs in the developing world: Training versus selection effects in the case of South Africa[END_REF]. However, our finding provides support to those who argue that formal education may not necessarily provide the tools that entrepreneurs and risk-takers need for innovation activity. [START_REF] Baumol | Entrepreneurship: Productive, unproductive, and destructive[END_REF] noted that most of the revolutionary ideas of the 20 th century were born of small independent entrepreneurs rather than corporate research efforts, and suggested that the technical competence and mastery of analytical tools provided by a formal education system might be less conducive to basic innovation than fostering creativity and imagination. Our finding aligns with [START_REF] Robson | Entrepreneurship and innovation in Ghana: enterprising Africa[END_REF], who showed that entrepreneurs' education in Ghana had mixed effects on different aspects of innovation (including no significant effect on product and service innovation). It is possible that the "frugal innovation" path7 that may be typical for Africa does not require investment in costly formal education [START_REF] Wooldridge | The world turned upside down[END_REF].

There was also no support for inward migration [START_REF] Bernstein | The contribution of highskilled immigrants to innovation in the United States[END_REF][START_REF] Hunt | How much does immigration boost innovation?[END_REF], which counters some recent findings that immigration in Africa promotes innovation through knowledge transfer [START_REF] Scheffran | Migration as a contribution to resilience and innovation in climate adaptation: Social networks and co-development in Northwest Africa[END_REF], based only on northwest Africa). Our broader analysis across all parts of Africa suggests that the social capital argument, with its roots in the openness argument [START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF], may be confined to certain sub-regions. The fact that a high proportion of immigrants and refugees into many African countries are unskilled might also be relevant.

Pathways to innovation

Post-hoc tests reveal an economic difference between the countries driving innovation through trade agreements and those pursuing innovation through financial inclusion. They can in fact be divided into two different groups (Table 4, Figures 234). The first group are the low-income innovators, whose innovation performance is highly correlated with integration into intra-African trade arrangements: Egypt, Ivory Coast, Kenya, Nigeria, Rwanda, Tunisia, Uganda, Zambia (circled in Figure 2). These lower-income countries also show lower financial inclusion, so innovators and investors there face more severe capital constraints. Despite this, they may be driven to innovate by a desire to access the larger, more competitive markets of the intra-African integration schemes in which their countries participate. The second group includes higher-income innovating countries that have generally succeeded in 'reaching the unbanked' (upper right-hand quadrant of Figure 3): Mauritius, Morocco, South Africa, Tunisia. We might call these countries traditional innovators, because higher financial inclusion, generated by higher incomes, permits more investment in innovation.

The fact that there are two groups suggests two alternate paths toward innovation, and by implication economic development, on the African continent. The low-income path is more internationally oriented and based on trade arrangements. It provides a way for poorer countries to "leapfrog" their capital and income constraints by freeing up trade, allowing them to move ahead as innovators even when financing is scarce. This appears to counter arguments by experts such as [START_REF] Etzkowitz | The triple helix of innovation: Towards a university-led development strategy for Africa[END_REF] who assume that development of national-level innovation in Africa needs to be university-led. Universities in Africa can play a role in promoting financial inclusion, for instance by working with tech firms on mobile apps, or otherwise becoming engaged with society on the benefits of saving, hence boosting the link between financial inclusion and innovation we see in our analysis. But our findings suggest that their involvement is more productive in richer African countries. Policy makers and academics should be sensitive to the relative importance of different factors along these pathways to innovation. Policy should be guided by the recognition that there will be a point in countries' pathways when financial inclusion should be given extra emphasis.

Implications

The present study has important policy implications. Our robust finding that joining free trade arrangements accelerates innovation, especially in poorer countries (Figure 4), goes counter to much of traditional development thinking that has focused on capital, education and institutions as the keys to economic success. Hence the implementation of the longawaited Continental Free Trade Area (AfCFTA) in Africa, which will open doors to greater intra-African trade in non-commodity goods, holds great promise and deserves full government support. Its proponents welcome AfCFTA for its potential to put the continent on a sustainable path out of poverty and toward higher incomes. Our results indicate that it would also have strong spillover effects for innovation and development, particularly for lower-income countries.

Secondly, policy should have a strong focus on financial inclusion and making efforts to reach the 'unbanked'. This is likely to include non-traditional sources of financing. Policy should encourage social changes and norms that protect savings in traditional institutions like savings clubs while at the same time making account holding with financial institutions more common, providing more credit to the private sector through formal channels, and boosting the opportunities that mobile money brings. Our findings indicate that these efforts to expand financial inclusion will boost innovation more immediately in the higher-income countries in Africa. Financial inclusion should also enhance the quality of scientific research institutions in the long run, while enabling greater company spending on R&D and university-industry collaboration in R&D, since additional financial capital for innovators in the richer African countries may encourage them to engage with universities and bear the costs of patent applications.

Thirdly, policy makers should consider the implications of our results in Table 4 and Figure 4 respectively as they review and revise policy over time. Trade arrangements will initially help poorer countries to reach higher levels of innovation, but as they get richer this effect, while positive, becomes less potent (the difference between the solid blue and red lines in Figure 4). At a certain level of income the country may need to broaden its policy emphasis from trade to financial inclusion in order to help maintain high levels of innovation.

We found many variables to have insignificant effects on innovation, suggesting that countries with limited resources would do well to concentrate on the ones whose effects are most powerful. For instance, education in the absence of freer trade or financial inclusion may have little impact on innovation; and joining trade arrangements has a low fiscal cost compared to the high explicit cost of education or internet access. Finally, our work could have relevance for the discourse on the 'Third Frame' of innovation policy [START_REF] Daniels | Science, Technology, and Innovation in Africa: Conceptualizations, Relevance, and Policy Directions[END_REF], the phase where Africa currently finds itself. The first two frames were: (1) a focus on R&D to drive economic growth and (2) a move to the NSI framework respectively. The third frame relates to combating climate change and supporting sustainability. This has a link with the United Nations' Sustainable Development Goals (SDGs). We suggest policy towards the SDGs can be discussed in light of the summary findings (Table 2) with the objective indicators aligning with formalized solutions for Goal 9 (industry, innovation and infrastructure) and the subjective indicators potentially aligning with informal innovative solutions needed for various goals such as Goal 2 (eliminating hunger), Goal 6 (clean water and sanitation) and Goal 11 (sustainable cities and communities). Rethinking and reimagining innovation in Africa can be guided by our findings both in terms of individual policy effects, and the identification of two pathways to innovation. They could contribute to a Transformative Innovation Policy for Africa [START_REF] Schot | Developing a Shared Understanding of Transformative Innovation Policy[END_REF] which focuses on inclusivity, alleviating poverty, environmental consciousness, and addressing societal challenges [START_REF] Schot | Developing a Shared Understanding of Transformative Innovation Policy[END_REF]. Future work can assess how the two pathways identified in the current study can support this agenda.

The current study has a number of limitations that should be borne in mind and addressed in future work. First, we were not able to obtain reliable data for all countries in Africa. While our sample accounts for the lion's share of economic activity in Africa (and is very similar to sample sizes used elsewhere, e.g., [START_REF] Oluwatobi | Innovation in Africa: Why institutions matter[END_REF], the effects for the unobserved countries could be different from the ones identified in the analysis. Future work should attempt to incorporate more African countries as data permits. Second, there may be alternative variables or combinations of variables, both dependent and independent, that we did not capture. We agree with Mavhunga´s (2017) argument that 'Africa is different', and our findings cast doubt on [START_REF] Etzkowitz | The triple helix of innovation: Towards a university-led development strategy for Africa[END_REF] recommendation that universities should play the key role in developing innovation systems in Africa. Possibly the fundamental nature of innovation systems needs rethinking as it pertains to Africa. Are resources there being brought together in a different way, at a societal or grassroots level, in informal as well as formal sectors, or in the household or public sectors rather than in businesses? If so, future work should continue to explore new indicators and relationships. In line with [START_REF] Daniels | Science, Technology, and Innovation in Africa: Conceptualizations, Relevance, and Policy Directions[END_REF], more could be done to understand how resources are brought together to influence innovation at a societal and grassroots level.

For instance, the extent to which remittances from abroad (not just inward migration) can facilitate innovative behaviors in Africa could be addressed in future work. Using our insights from Figures 4 and5, researchers could also examine in greater detail the effects of disease ecology on innovation at national level in Africa under different policy regimes. While we find incidence of malaria to be highly correlated with economic development, it might be worth exploring in greater detail (both theoretically and empirically) how the spread of different diseases affects innovation at national level. Third, our different dependent variable measures do not differentiate among types of innovation, e.g., breakthrough radical inventions vs incremental innovations [START_REF] Oyelaran-Oyeyinka | Industrial innovation in Sub-Saharan Africa: the manufacturing sector in Nigeria[END_REF][START_REF] Robson | Entrepreneurship and innovation in Ghana: enterprising Africa[END_REF], or the so-called "frugal innovation" that may be prevalent in Africa. There is potential to demonstrate that a certain kind of innovation process is operating in emerging economies, which may eventually diffuse to developed markets. We believe there is an opportunity for future research to address these gaps, including mixedmethod research designs and combinations of case studies in different African settings. This would build on the current analysis and provide more depth to our understanding of how disparate policy areas and other variables have helped drive improving innovation performance in Africa. 5. Linear fit plot of innovation vs. trade arrangements and financial inclusion respectively for African countries with higher and lower incidence of malaria Notes for Figures 4 and5: (1) Measure of innovation generated from all 7 indicators: resident IP applications, scientific articles, hightech exports, GCR 12 th pillar, GCR 11 th pillar, WB ES, GII scores (α = 0.66) (2) All variables standardized 
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  Control of corruption. Our indicator to represent control of corruption was from theWorld Governance Indicators by Kaufmann, Kraay and Mastruzzi, published by the World Bank. This is a survey indicator based on annually collected perceptions or experiences of corruption by firms and households, NGOs, multilateral organizations and public sector bodies.Financial inclusion. We used the World Bank Databank's domestic credit to the private sector as a per cent of nominal GDP. This indicator, which forms part of nearly all broader indicators of financial inclusion, includes financial resources provided to the private sector by financial corporations, although it excludes mobile money and other sources of financing outside of formal institutions. It captures borrowing from regulated formal institutions, where opportunities for exploitation are reduced.
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 2 Figure 2. Scatterplot of innovation and trade arrangements
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 4 Figure 4. Linear fit plot of innovation vs. trade arrangements and financial inclusion respectively for richer and poorer African countries
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  Figure 5. Linear fit plot of innovation vs. trade arrangements and financial inclusion respectively for African countries with higher and lower incidence of malaria

Table 1 .

 1 Descriptive statistics and correlations

		1	2	3	4	5	6	7	8	9	10	11	12
	Innovation 1												
	FDI stock 2	0.29											
	GDP growth 3	0.01	-0.16										
	GDP per capita 4	0.33*	0.71***	-0.34*									
	Landlocked 5	-0.36**	-0.45*** 0.28*	-0.28*								
	Trade arrangements 6	0.31*	-0.12	0.18	0.01	0.09							
	Export specialization 7	-0.34**	-0.06	0.14	0.05	0.21	-0.15						
	Inward migration 8	-0.27	0.11	-0.24	0.21	-0.08	0.01	0.21					
	Education 9	0.31*	0.40**	-0.11	0.56***	0.02	0.20	-0.24	-0.03				
	Control of corruption 10 0.20	0.44***	-0.07	0.46***	-0.01	-0.21	-0.20	0.01	0.40**			
	Financial inclusion 11	0.47***	0.55***	-0.28*	0.57***	-0.30*	-0.00	-0.41*** -0.05	0.44***	0.50***		
	Internet usage 12	0.52***	0.57***	0.60***	0.60***	-0.34**	0.26	-0.37**	-0.11	0.44***	0.38**	0.71***	
	Mean	7.05	5.84	5.03	4538	0.36	1.06	0.40	0.03	65.04	-0.51	26.42	11.31
	Standard deviation	1.76	1.36	1.78	4534	0.49	0.63	0.22	0.03	18.77	0.57	27.57	10.72
	*p<0.1; **p<0.05; ***p<0.01											
	Note: Innovation in column 1 measured as applications for intellectual property protection by residents in 2016 and 2017				

Table 2 .

 2 Summary of all 14 regression tests for each independent variable

	*p<0.1; **p<0.05; ***p<0.01
	See Appendix E for detail for all models

Table 3 .

 3 Stepwise regressions

		IP	Scientific	High-	WEF GCR 12 th	WEF GCR	World Bank	Global
	Applications	journals and	technology	Pillar	Business	Enterprise	Innovation
	by Residents	articles	exports		Dynamism	Survey 7 items	Index Score
		2016-2017	2016	2016-2017	2016-2017	2018-2019	2016-2017	2016-2017
	FDI stock			-0.54**	-0.15***	-2,78***		
				(0.26)	(0.05)	(1.07)		
	GDP growth			0.28***				
				(0.01)				
	GDP per capita		0.00	-0.00*	-0.00			
			(0.00)	(0.00)	(0.00)			
	Landlocked	-1.03*			-0.27**	-5.84***		
		(0.52)			(0.11)	(2.21)		
	Trade arrangements	0.93***	1.19***	0.89*	0.31***	4.25**	4.33*	1.51**
		(0.35)	(0.43)	(0.52)	(0.07)	(1.67)	(2.34)	(0.74)
	Export specialization						13.12	-5.88***
							(8.01)	(2.22)
	Inward migration	-12.64**	-15.44**	5.65	1.02			
		(5.44)	(6.83)	(4.02)	(0.70)			
	Education		-0.03*		-0.01		0.13	
			(0.02)		(0.00)		(0.09)	
	Control of corruption				0.44***	7.40***	8.23***	4.08***
					(0.10)	(2.47)	(3.16)	(0.68)
	Financial inclusion	0.02***		0.03***	0.01**	0.07***	0.12*	0.05***
		(0.01)		(0.01)	(0.00)	(0.03)	(0.07)	(0.01)
	Internet usage		0.07**			0.23**		0.07**
			(0.03)			(0.10)		(0.03)
	_cons	6.12***	5.02***	0.20	4.06***	66.69***	4.81	26.23***
		(0.60)	(0.92)	(1.39)	(0.38)	(6.59)	(6.58)	(1.64)
	Obs.	33	38	31	38	38	37	27
	R-squared	0.45	0.51	0.34	0.58	0.53	0.44	0.86
	Max VIF	1.14	2.60	1.68	2.00	2.11	1.76	2.94
	*p<0.1; **p<0.05; ***p<0.01							

Table 4 .

 4 Comparison of trade arrangements and financial inclusion path to sample average

		Comparison	Trade arrangements predominate (Figure 2)	Financial inclusion predominates (Figure 3)
		All countries	Egypt, Ivory Coast, Kenya, Nigeria, Rwanda,	Mauritius, Morocco, South Africa, Tunisia
			Tunisia, Uganda, Zambia	
	Average FDI stock (ln)	5.83	5.88	7.70
	Average GDP growth	5.02	5.61	3.72
	Average GDP	4538	4529	11238
	Average Landlocked	0.36	0.38	0
	Interpretation		Faster growing, poorer countries with lower	Slower growing, richer countries with higher
			inward FDI stock and greater tendency to be	inward FDI stock and entirely not landlocked
			landlocked compared to sample mean	

Regression models for the seven operationalizations of national-level innovation in Africa

  Effect of TRADE ARRANGEMENTS -Richer Countries Effect of TRADE ARRANGEMENTS -Poorer Countries Effect of FINANCIAL INCLUSION -Richer Countries Effect of FINANCIAL INCLUSION -Poorer CountriesThe Economic Community of West African States (ECOWAS) was created in 1975 and now has 15 members: Benin, Burkina Faso, Cape Verde, the Gambia, Ghana, Guinea, Guinea-Bissau, Ivory Coast, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone and Togo. Mauritania was a founding member but later withdrew. The group operates as a customs union, but it has two sub-groupings. One is the West African Economic and Monetary Union, a francophone group of states sharing a common currency, the CFA franc, which a 2002 IMF survey called the most economically integrated group of states in Africa. The other is the West African Monetary Zone, with six mainly Anglophone states that plan to eventually introduce a common currency (the eco). The objective would be for the two currencies to merge into one in the future.The Southern African Development Community (SADC), created in 1992, established a free trade area in 2008. Its 16 members are currently Angola, Botswana, Comoros, Democratic Republic of Congo, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South Africa, Swaziland, Tanzania, Zambia and Zimbabwe. Its eventual objective is to become a customs union, then a common market with free movement of people, and eventually to adopt a single currency. Within the SADU is a sub-grouping, the SACU, which is the world´s oldest customs union (established in 1910) comprising five countries. The SADC, COMESA and the EAC in 2008 agreed to create a free trade zone among all of their members, called the African Free Trade Zone where a total of 26 countries enjoy tariff-free trade.

	APPENDIX E Scientific journals and High-technology WEF GCR 12 th WEF GCR Business	(1) (1) (1) (1)	(2) (2) (2) (2)		(3) (3) (3) (3)	(4) (4) (4) (4)	(5) (5) (5) (5)	(6) (6) (6) (6)	(7) (7) (7) (7)	(8) (8) (8) (8)	(9) (9) (9) (9)
	-2 IP Applications by Residents 2016-2017 FDI stock GDP growth GDP per capita Landlocked Trade arrangements Export specialization Inward migration Education Control of corruption Financial inclusion Internet usage _cons articles 2016 FDI stock GDP growth GDP per capita Landlocked Trade arrangements Export specialization Inward migration Education Control of corruption Financial inclusion Internet usage _cons Obs. R-squared exports 2016-2017 FDI stock GDP growth GDP per capita Landlocked Trade arrangements Export specialization Inward migration Education Control of corruption Financial inclusion Internet usage _cons Obs. R-squared Pillar 2016-2017 FDI stock GDP growth GDP per capita Landlocked Trade arrangements Export specialization Inward migration Education Control of corruption Financial inclusion Internet usage _cons Obs. R-squared Dynamism 2018-2019 FDI stock World Bank Global Innovation Enterprise Survey 7 Index Score 2016-GDP growth items 2016-2017 2017 FDI stock FDI stock GDP per capita GDP growth GDP growth Landlocked GDP per capita GDP per capita Trade arrangements Landlocked Landlocked Export specialization Trade arrangements Trade arrangements Inward migration Export specialization Export specialization Education Inward migration Inward migration Control of corruption Education Education Financial inclusion Control of corruption Control of corruption Internet usage Financial inclusion Financial inclusion _cons Internet usage Internet usage Obs. R-squared _cons _cons	0 -0.19 (1) (0.41) 0.27** (0.11) 0.00 (0.00) -1.50*** (0.54) 6.58*** -0.46 (0.40) 0.25 (0.18) 0.00** (0.00) -1.15** (0.52) 6.07*** (2.06) 39 0.20 -0.34 (0.48) 0.20* (0.12) 0.00 (0.00) 0.20 (0.65) 1.10 (1.95) 32 0.08 -0.09 (0.07) 0.00 (0.05) 0.00 (0.00) -0.20 (0.15) 3.54*** (0.43) 39 0.07 -2.09 (1) (1) (1.45) -0.01 (0.87) 0.28 0.78 0.00 (2.03) (0.98) (0.00) 0.96 0.61* -4.30 (1.10) (0.35) (2.94) 0.00** 0.00 (0.00) (0.00) 4.07 -1.25 (4.51) (1.69) 62.20*** 56.94*** (2) -0.13 (0.39) 0.20 (0.14) 0.00 (0.00) -1.51*** (0.46) 0.87*** (0.30) 5.67*** -0.29 (0.37) 0.15 (0.22) 0.00 (0.00) -1.11** (0.47) 1.18*** (0.37) 4.55** (1.93) 39 0.34 -0.33 (0.43) 0.16 (0.12) 0.00 (0.00) 0.24 (0.64) 0.95 (0.56) 0.15 (1.71) 32 0.19 -0.06 (0.06) -0.02 (0.06) 0.00 (0.00) -0.20 (0.14) 0.21** (0.08) 3.26*** (0.42) 39 0.18 -1.51 (2) (2) (1.35) -0.35 (0.84) 0.60 0.62 0.00 (1.99) (0.97) (0.00) 0.81 0.54* -4.17 (1.05) (0.28) (2.77) 0.00* 0.00* 4.09*** (0.00) (0.00) (1.19) 4.19 -1.22 (4.51) (1.65) 1.80 1.93** (2.34) (0.76) (7.11) (7.05) 39 39 0.15 0.26 8.32 5.70 17.07*** 15.70*** (10.22) (10.12) (4.88) (4.88)	2	(3) -0.22 (0.41) 0.29** (0.12) 0.00 (0.00) -1.16* (0.57) -2.53* (1.24) 7.46*** -0.52 (0.40) 0.30** (0.14) 0.00** (0.00) -0.91 (0.57) -2.94** (1.41) 7.09*** (2.05) 39 0.31 -0.39 (0.49) 0.21 (0.13) 0.00 (0.00) 0.40 (0.81) -1.68 (1.62) 1.85 (1.99) 32 0.12 -0.10 (0.07) 0.01 (0.04) 0.00 (0.00) -0.15 (0.17) -0.66** (0.31) 3.76*** (0.47) 39 0.20 -2.35 (3) (3) (1.45) 0.24 (0.77) 0.19 0.76 0.00** (2.03) (0.73) (0.00) 1.06 0.45 -3.19 (1.19) (0.34) (2.79) 0.00** 0.00** (0.00) (0.00) 4.57 1.17 -13.66** (4.77) (1.38) (6.05) -5.83 -10.91*** (8.57) (2.70) 66.92*** (7.88) 39 0.30 10.21 21.07*** (10.65) (3.79)	4 (4) -0.24 (0.39) 0.20* (0.11) 0.00* (0.00) -1.44** (0.55) -15.94 (10.30) 7.55*** -0.49 (0.39) 0.19 (0.19) 0.00** (0.00) -1.16** (0.53) -17.37* (8.91) 6.94*** (2.14) 39 0.29 -0.35 (0.49) 0.22* (0.12) 0.00 (0.00) 0.19 (0.66) 5.39 (7.22) 0.88 (1.97) 32 0.09 -0.09 (0.07) 0.00 (0.05) 0.00 (0.00) -0.20 (0.15) 0.42 (1.76) 3.52*** (0.44) 39 0.07 -2.13 (4) (4) (1.48) -0.09 (0.90) 0.05 0.76 0.00 (2.02) (1.00) (0.00) 0.75 0.62* -4.32 (1.15) (0.35) (2.98) 0.00** 0.00 (0.00) (0.00) 3.90 -1.31 (4.68) (1.73) -22.96 (37.60) -55.86 6.36 (42.52) (15.83) 63.34*** (7.28) 39 0.16 11.81 16.94*** (10.93) (4.91)	(5) -0.34 (0.45) 0.24** (0.12) 0.00 (0.00) -1.63*** (0.53) 0.02 (0.02) 6.44*** -0.47 (0.41) 0.25 (0.18) 0.00* (0.00) -1.18** (0.52) 0.00 (0.02) 5.94*** (2.01) 39 0.21 -0.36 (0.50) 0.21* (0.12) 0.00 (0.00) 0.09 (0.64) 0.01 (0.02) 0.51 (1.94) 32 0.09 -0.09 (0.07) 0.00 (0.05) 0.00 (0.00) -0.22 (0.15) 0.00 (0.00) 3.46*** (0.46) 39 0.08 -2.15 (5) (5) (1.53) -0.02 (0.88) 0.10 0.70 0.00 (1.76) (1.00) (0.00) 0.90 0.57* -4.66 (0.97) (0.31) (3.19) 0.00 0.00 (0.00) (0.00) 2.52 -1.66 (4.59) (1.78) 0.04 (0.08) 0.19* 0.06* (0.10) (0.03) 60.46*** (7.71) 39 0.16 -0.14 14.49** (10.56) (5.40)	(6) -0.22 (0.42) 0.26** (0.11) 0.00 (0.00) -1.56*** (0.56) 0.28 (0.57) 7.01*** -0.42 (0.39) 0.25 (0.19) 0.00* (0.00) -1.08** (0.52) -0.31 (0.71) 5.57** (2.35) 39 0.21 -0.38 (0.51) 0.18 (0.12) 0.00 (0.00) 0.11 (0.64) 0.32 (0.59) 1.66 (2.39) 32 0.09 -0.14** (0.06) -0.00 (0.04) 0.00 (0.00) -0.30** (0.13) 0.38*** (0.10) 4.15*** (0.45) 39 0.30 -2.96* (6) (6) (1.51) -0.06 (0.67) -0.64 0.51 0.00 (1.81) (0.89) (0.00) 0.90 0.36 -5.84** (1.18) (0.33) (2.74) 0.00 0.00 (0.00) (0.00) 2.33 -1.87 (4.46) (1.70) 6.26** (2.92) 7.60** 3.11** (3.70) (1.37) 72.38*** (8.70) 39 0.31 19.96 22.47*** (12.31) (5.15)	(7) -0.48 (0.43) 0.30** (0.11) 0.00 (0.00) -1.40** (0.59) 0.03** (0.01) 7.51*** -0.65 (0.42) 0.33* (0.16) 0.00 (0.00) -1.23** (0.52) 0.03** (0.01) 6.17** (2.27) 38 0.33 -0.52 (0.50) 0.27* (0.13) -0.00 (0.00) 0.25 (0.62) 0.03*** (0.01) 1.18 (2.00) 31 0.24 -0.13 (0.08) 0.00 (0.04) 0.00 (0.00) -0.13 (0.15) 0.01*** (0.00) 3.59*** (0.50) 38 0.27 -2.65 (7) (7) (1.66) 0.06 (0.89) -0.27 0.22 0.00 (1.87) (0.81) (0.00) 1.22 0.72* -3.29 (1.31) (0.38) (3.10) 0.00 0.00 (0.00) (0.00) 5.17 -0.93 (4.78) (1.66) 0.12*** (0.04) 0.17*** 0.10*** 62.98*** (0.06) (0.02) (7.74) 38 0.26 7.42 17.95*** (9.39) (3.69)	(8) -0.46 (0.38) 0.28** (0.13) 0.00 (0.00) -1.26** (0.52) 0.08** (0.03) 7.24*** -0.70* (0.39) 0.30* (0.15) 0.00 (0.00) -0.86* (0.44) 0.12*** (0.03) 6.22*** (2.05) 39 0.46 -0.51 (0.49) 0.21 (0.12) -0.00 (0.00) 0.45 (0.69) 0.08* (0.04) 1.34 (1.91) 32 0.21 -0.12* (0.07) 0.01 (0.05) 0.00 (0.00) -0.17 (0.15) 0.02* (0.01) 3.56*** (0.43) 39 0.18 -2.86* (8) (8) (1.60) 0.15 (0.78) 0.02 0.34 0.00 (2.01) (0.91) (0.00) 1.02 0.58* -3.36 (1.15) (0.33) (2.69) 0.00* 0.00 (0.00) (0.00) 4.46 -0.71 (4.59) (1.62) 0.39*** (0.13) 62.68*** (7.39) 0.15 0.16** 39 (0.18) (0.07) 0.34 8.32 18.12*** (10.17) (4.33)	(9) -0.39 (0.48) 0.18 (0.16) 0.00 (0.00) -1.38* (0.73) 0.84 (0.52) -0.23 (1.57) -12.40 (8.20) -0.00 (0.03) 0.16 (0.67) 0.02 (0.02) 0.01 (0.05) 7.45*** -0.52 (0.31) 0.25 (0.15) 0.00* (0.00) -0.80 (0.58) 0.98** (0.42) -1.31 (1.54) -12.68** (6.15) -0.03 (0.02) -0.11 (0.66) 0.01 (0.02) 0.05 (0.04) 7.19*** (2.20) 38 0.61 -0.70 (0.58) 0.21 (0.13) -0.00 (0.00) -0.20 (0.80) 0.91* (0.48) 1.13 (1.77) 5.20 (6.88) -0.00 (0.02) 1.09 (0.93) 0.03*** (0.01) 0.04 (0.04) 1.59 (2.43) 31 0.39 -0.12** (0.06) -0.01 (0.04) -0.00 (0.00) -0.25* (0.13) 0.33*** (0.08) -0.13 (0.33) 0.92 (1.05) -0.00 (0.00) 0.44*** (0.10) 0.01* (0.00) -0.00 (0.01) 4.05*** (0.57) 38 0.59 (9) (9) -2.77 (1.64) -0.25 -0.14 -0.31 (0.54) (1.79) (0.78) 0.00 0.31 0.30 (0.00) (0.98) (0.21) -4.77* 0.00 0.00 (2.71) (0.00) (0.00) 5.15*** -0.17 -1.05 (1.63) (5.45) (1.50) -4.73 5.78** 1.34 (6.30) (2.77) (1.07) -5.96 13.64 -4.44 (17.55) (10.58) (2.71) -0.10 -39.35 5.46 (0.07) (46.10) (13.60) 7.47*** 0.13 0.02 (2.49) (0.10) (0.03) 0.02 8.98** 3.89*** (0.04) (4.02) (1.09) 0.11 0.20** 0.05** (0.15) (0.09) (0.02) 73.90*** -0.31 0.08 (10.67) (0.31) (0.07) 38 4.70 24.74*** 0.57 (12.35) (5.29)
	Obs. Obs.	(1.93) 38 28	(1.78) 38 28		(1.98) 38 28	(1.79) 38 28	(1.89) 38 28	(1.97) 38 28	(2.02) 37 27	(1.80) 38 28	(2.03) 37 27
	Obs. R-squared *p<0.1; **p<0.05; ***p<0.01 34 0.25 *p<0.1; **p<0.05; ***p<0.01 *p<0.1; **p<0.05; ***p<0.01 *p<0.1; **p<0.05; ***p<0.01 R-squared 0.24 R-squared 0.48	34 0.34 0.25 0.55		34 0.35 0.25 0.68	34 0.34 0.26 0.48	34 0.27 0.30 0.53	34 0.25 0.33 0.56	33 0.35 0.33 0.70	34 0.39 0.25 0.57	33 0.50 0.49 0.88
	*p<0.1; **p<0.05; ***p<0.01 *p<0.1; **p<0.05; ***p<0.01								
	*p<0.1; **p<0.05; ***p<0.01								
							55 56 57			

Indeed, in Fagerberg and Srholec's (2008) analysis there is an R

of 0.86 between GDP per capita and national innovation systems. Similarly,[START_REF] Allard | Political instability, pro-business market reforms and their impacts on national systems of innovation[END_REF] identify a negative correlation between political instability and innovation system inputs at a national level.

We note[START_REF] Fagerberg | National innovation systems, capabilities and economic development[END_REF] were not able to test for inward migration, which is something we do in the current study.

[START_REF] Fagerberg | Innovation and economic development[END_REF] note how patents alone are insufficient as a measure of innovation in developing countries as many inventions are not patented.

[START_REF] Fagerberg | Innovation and economic development[END_REF] do point out firms' own judgements of their innovative activity to be useful.

The questions included were: Do you use technology licensed from foreign companies? Do you have your own website? Do you use email to interact with clients/suppliers? Have you introduced a new product/service? Is it new to the main market? Have you introduced a process innovation? Do you spend on R&D?

See 2016 report at https://www.uneca.org/sites/default/files/PublicationFiles/arii-report2016_en_web.pdf

"Frugal innovation", a term coined by[START_REF] Wooldridge | The world turned upside down[END_REF], refers to the new, inexpensive innovations occurring in developing countries because of the triple constraints under which firms often operate there: resource scarcity, institutional voids and poverty itself, which reduces market potential (Lundgren, Thomas, York 2013).

APPENDIX A African integration schemes recognized by the African Union:

The Arab Maghreb Union (UMA or AMU) was founded in February 1989 with an eventual eye to implementing the "four freedoms" of an economic union: free movement of goods, services, capital and people. Its members are Algeria, Libya, Mauritania, Morocco and Tunisia. Only one of these countries is sub-Saharan (Mauritania). We have included the AMU integration score because it does reflect the extra cross-border competition faced by Mauritanian businesses.

The Community of Sahel-Saharan States (CEN-SAD) was created in 1998 with the objective of forming a free trade area and eventually becoming an economic union with free movement of people and various development objectives. Its membership has grown to 29 countries (not all of whom have ratified the agreement), which makes it the largest trade agreement in Africa before the continental AfCFTA. Its members are Benin, Burkina Faso, Cape Verde, the Central African Republic, Chad, the Comoros, Djibouti, Egypt, Eritrea, the Gambia, Ghana, Guinea, Guinea-Bissau, the Ivory Coast, Kenya, Liberia, Libya, Mali, Mauritania, Morocco, Niger, Nigeria, Sao Tomé and Principe, Senegal, Sierra Leone, Somalia, Sudan, Togo and Tunisia. Despite its size, its objectives are difficult to implement since it overlaps with other organizations that are already customs unions, and on the African Regional Integration Index its average integration scores are the lowest of the schemes studied.

The Common Market for Eastern and Southern Africa, or COMESA, was created in 1994 to replace the preferential trade agreements among various countries in southern and eastern Africa. It is currently a customs union. Its 19 members are Burundi, the Comoros, the Democratic Republic of Congo, Djibouti, Egypt, Eritrea, Ethiopia, Kenya, Libya, Madagascar, Malawi, Mauritius, Rwanda, Seychelles, Sudan, Swaziland, Uganda, Zambia and Zimbabwe.

The Intergovernmental Authority on Development (IGAD) was born in 1996 out of efforts to address food security and environmental protection and economic integration in the horn of Africa, and eventually it plans to move from a free trade area to a customs union and then a full economic union. Its eight members are Djibouti, Ethiopia, Eritrea, Kenya, Somalia, Sudan, South Sudan and Uganda.

The East African Community (EAC) has achieved the highest degree of integration of Africa´s sub-regional groupings. It has only six members --Burundi, Kenya, Rwanda, South Sudan, Tanzania and Uganda-and has been a customs union since 2010. It is now implementing free movement of people with the eventual objective of a single currency.

The Economic Community of Central African States (ECCAS) was created in 1983 and currently has 11 members: Angola, Burundi, Cameroon, the Central African Republic, Chad, the Democratic Republic of Congo, Equatorial Guinea, Gabon, Republic of the Congo, Rwanda and Sao Tomé and Principe. The group officially operates as a common market. A sub-grouping of countries form a monetary union, sharing the Central African CFA franc as a common currency.

APPENDIX B

Countries in the main sample (n=39)* Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cabo Verde, Cameroon, Chad, Côte d´Ivoire, Democratic Republic of Congo, Egypt, Eswatini, Ethiopia, Gabon, Gambia (The), Ghana, Guinea, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, Morocco, Mozambique, Namibia, Nigeria, Rwanda, Senegal, Sierra Leone, South Africa, Tanzania, Tunisia, Uganda, Zambia, Zimbabwe *regression models differ in sample size depending on availability of data (see Dummy variable: 0=landlocked and 1=sea access.

Assigned by authors

APPENDIX D

The five dimensions of the Africa Regional Integration Index Trade integration Regional infrastructure and interconnection

Productive integration

Free movements of people Financial and Economic integration

• Level of customs duties on imports • Share of intraregional goods exports (% GDP) • Share of intraregional goods imports (% GDP) • Share of total intra-regional goods trade (% of total intra-REC trade)

• Infrastructure Development Index: transport, electricity, ICT, water and sanitation • Proportion of intra-regional flights • Total regional electricity trade (net) per capita • Average cost of roaming

• Share of intraregional intermediate goods exports (% total intra-regional exports goods) • Share of intraregional intermediate goods imports (% total intra-regional imports goods)