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Introduction 
Technological advances in the past few hundred years have altered economic growth and 
development and have done so faster than ever before (Galor, 2005). This economic 
development has, however, been unequal across nations, motivating the researchers to 
understand the drivers of economic growth and development along with underlying 
reasons for the differences in wealth distribution across countries (see, for example, 
Romer, 1986 and 1990; Lucas, 1990; Rivera-Batiz and Romer, 1991; Aghion and Howitt, 
1992; Abramovitz, 1993; Hall and Jones, 1999; Funke and Strulik, 2000; Barro, 2001; 
Hibbs and Olsson, 2004; Bilbao-Osorio and Rodríguez-Pose, 2004; Galor and Moav, 2004; 
Alfaro et al., 2008; Ali et al., 2018; Thompson, 2018; and many others). Yet the question 
remains: why have some nations witnessed faster economic growth and development 
than others? 

Following Acemoglu et al. (2014) and North and Thomas (1973), the countries that 
witnessed higher economic growth were characterised by higher levels of total factor 
productivity, were more innovative, and had a greater resource pool of educated workers 
and physical capital through machines, tools, and factories. Innovation, physical capital, 
and human capital correspond to the production factors in aggregate production 
function. These production factors, however, do not explain why some countries have 
managed to accumulate more of these production factors than others.  

North and Thomas (1973) argued that, broadly speaking, there are two determinants 
for economic growth: fundamental factors and proximate factors. The proximate factors 
include the above-mentioned production factors, like physical capital, knowledge stock 
and innovation, which are present in the aggregate production function. As the proximate 
factors refer to production factors, they reflect the tangible and intangible sources of 
prosperity. The fundamental factors include institutional settings that determine the 
structures of interaction in the society. These societal structures of interactions provide 
the framework in which the economic agents operate, determining different constraints 
on and enablers of individual actions and leading to the accumulation of proximate 
factors. The challenge in understanding the causal mechanisms between economic 
development and institutional development is the endogeneity of their operation,  
as institutional framework changes in tandem with economic development (Acemoglu  
et al., 2014).  

The early definition of institutions provided by North in his 1993 work was that 
institutions are sets of rules, regulations, and procedures along with moral and ethical 
norms that constrain individual action and behaviour. This definition captures both 
formal and informal institutions. The formal institutions in this definition include codified 
rules, regulations, and procedures, which facilitate transactions between agents to 
reduce uncertainty. They are usually politically determined and enforced from the top 
down. Informal institutions, on the other hand, are unwritten norms and customs that 
are inherited through culture, traditions, and social networks. (North, 1991; North, 1993; 
Greif, 2006). 

Avner Greif’s (2006) work exploring the role of institutions placed more emphasis on 
the informal institutions (like historical background, cultural norms, and social capital) as 
shapers of individual behaviour and decision-making. Greif (2006) underscored that 
informal institutions shape the formation of formal institutions and points out that the 
formal institutions’ efficiency depends on how they interact with sociocultural factors. 
Williamson’s (2000) approach to institutions was to explore the roles of formal institutions 
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(rules and regulations) and informal institutions (customs and traditions) as a set of 
structures to mitigate transaction costs, reduce uncertainty and shape individual 
interactions. Hodgson’s (2006) work on the role of institutions built on Greif’s (2006) 
point of view by explaining the role of social and historical context in the formation of 
social structures, where institutions are systems of established and embedded rules that 
form through agents’ actions and guide further social interaction between individuals. 
Hodgson's (2006) definition of institutions included firms and organisations as special 
institutions, which have clear criteria and boundaries to distinguish members and  
non-members, have sovereignty in power structures, and set line of commands given the 
structure enforced on the members of the special institution. Baland, Bourguignon, 
Platteau and Verdier (2020) relied on North's earlier work for their definition of institutions 
and state that institutions are rules, procedures or other human constraints that restrict 
individual action and thus enable the coordination of individual actions in society.  

These definitions lay the groundwork for understanding how different social 
interactions shape individual behaviour, but they provide little guidance on empirical 
estimation strategy, as the meaningful separation of some forms of institutions (e.g., 
culture) from other institutions is often difficult. This has led to the main distinction of 
formal and informal institutions in empirical studies as legal institutions are different and 
are more easily observable in empirical settings (Durlauf, 2020).  

  Nevertheless, institutions provide structure governing social and economic interactions 
that subsequently alter economic outcomes. Since the business sector is one of the most 
important sources of economic growth, wherein small and medium-sized enterprises 
(SMEs) play a pivotal role in the economy through job creation, product diversification 
and promoting competition in the market (Ayyagari et al., 2007), this thesis further 
investigates the role of formal and informal institutions on SMEs’1  productivity and the 
growth-enhancing pursuits of research and development, and innovation (R&DI). In so 
doing, this thesis provides useful insight into how formal institutions (e.g., political stability 
or uncertainty, voice and accountability, property rights, and government R&DI policy)  
and informal institutions (e.g., corruption) associate with SMEs’ R&DI engagement and 
subsequent productivity, employment and exporting outcomes, which are indispensable 
for achieving sustainable long-term economic development (Shefer and Frenkel, 1998; 
Hall and Reenen, 2000; Frenkel et al., 2001; Tambunan, 2008). 

The thesis consists of four published articles. The first article, entitled “The Institutional 
Environment, Human Capital Development, and Productivity-Enhancing Factors: Evidence 
from ASEAN Countries” explores the association between the fundamental determinants 
of economic growth and proximate factors. It does so by examining institutional settings 
among nine Association of Southeast Asian Nations (ASEAN) countries. in this way,  
the article provides context in understanding how institutional settings are associated 
with factors of wealth generation and economic growth. The novelty of this study stems 
from its comparative analysis and regional focus, which enable the author to uncover 
institutional differences and determine how regulatory aspects interact with human 
capital accumulation in ways relevant for value creation and productivity growth across 
the countries included in the study, which are characterised by high heterogeneity in 
economic development.  

 
1 SME sector makes up an average of 90% of all businesses worldwide and contributes more than 
50% of all employment.  More information available at: 
https://www.worldbank.org/en/topic/smefinance#:~:text=SMEs%20account%20for%20the%20
majority,(GDP)%20in%20emerging%20economies. 
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The second article, entitled “Institutions and R&D engagement of SMEs in Laos” 
explores SMEs’ R&D engagement in the single-party communist state of the Lao People’s 
Democratic Republic. This study explores the association between R&D engagement, 
the perception of formal institutions and the prevalence of informal institutions, like 
corruption, among SMEs operating in an economy possessing low overall economic 
development and high institutional inefficiency. The novelty of this study stems from its 
national context, which enables the author to distinguish the derived results from the 
rest of the studies focusing on exploring the drivers of R&D engagement. Thus, this study 
provides useful insight into the political and social contexts governing how different 
institutions interact with SMEs’ R&D engagement, suggesting practical implications 
about institutional barriers to strengthening strategies promoting knowledge-intensive 
development through R&D-based value-enhancing pursuits among SMEs. 

The third paper, entitled “The roles of foreign and domestic ownership in the 
corruption–firm innovation nexus” investigates bribe solicitation and innovation 
engagement among SMEs operating in developing economies. This paper develops 
insights into whether corruption, as an institutional dysfunctionality, is differently 
associated with innovation in the context of foreign owned versus domestically owned 
firms that operate in economies possessing low overall research and development (R&D) 
and engage in exporting. The study underscores the importance of institutional and 
policy solutions to coordination failures. The paper’s novelty stems from the context of 
prevalent informal institutional settings within the nexus of firm ownership, which is still 
little explored in the broader context of developing economies with diverse historical and 
cultural backgrounds.  

The fourth paper, “How the EU Cohesion Policy targeted at R&D and innovation 
impacts the productivity, employment and exports of SMEs in Estonia”, investigates the 
effects of government support on research, development and innovation on firm-level 
productivity growth, employment outcomes and exporting. This study assesses whether 
Cohesion Funds’ R&D and innovation policy grants are effective and lead to positive 
short-term outcomes in firm performance. This study provides novel insights in the 
context of Estonia, a small EU member country with high per capita levels of EU-funded 
support.  

The broader contribution of this thesis research is that it deepens the existing 
knowledge about the association of productivity-enchasing factors in varying institutional 
contexts, exploring the barriers presented by formal and informal institutions to 
knowledge-intensive growth, and the effectiveness of government strategies promoting 
entrepreneurial outcomes through policy interventions. The structure of the thesis is as 
follows. Section one provides an overview of the background literature. Section two 
describes the thesis’ research questions and hypotheses. Section three provides a 
methodological overview of the thesis. Section four builds upon the discussion of the 
findings and the conclusions of the component papers. 
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1 Background literature 
Institutions are one of the key elements for understanding the differences in economic 
development between nations (Acemoglu et al., 2001). They set the formal and informal 
rules, norms and practices for individual reasoning and decision-making. Institutions 
provide a framework for the collective coordination and interaction of economic agents 
(North, 1993; Greif, 2006; Williamson, 2000; Acemoglu et al., 2001; Hodgson, 2006 
among others).   

Empirical evidence gathered by Acemoglu et al. (2001) has shown that institutional 
differences describe most of the variation in the outcomes of countries’ economic 
performance. In their work, Acemoglu et al. (2001) explored the linkages between the 
difference in mortality rates and colonisation strategies that Europeans adopted, making 
a significant methodological contribution by measuring the quality of institutions. Based 
on their findings, the authors argued that the colonial strategies that emphasised the 
inclusivity of private property protections and checks against government power misuse 
persisted even after colonisation, and paved the way for subsequent institutional 
development and better economic performance compared to extractive states, due to 
the improved conditions for investments in physical and human capital.  

Robert J. Barro’s research (1990, 1996, 1999) is dedicated mostly to the role of 
property rights; he found that the enforcement of those rights is crucial for the 
investment activity of economic agents. Increased uncertainty about property rights and 
the legal system tends to decrease entrepreneurial incentives in the economy, increase 
saving rates instead of promoting investments, and consequently hinder productivity 
gains. Hence, in order to enforce property rights, states’ involvement through formal 
institutions is inevitable (Hodgson, 2006), but it does not always efficiently provide equal 
rights for all parties. For example, Djankov et al.’s (2003) work was dedicated to analysing 
the court system and resolution of legal disputes among 109 countries of different 
development levels. Their findings underscored that less developed economies usually 
lacked well-designed legal systems. Rather, the legal systems in such countries were 
characterised by the misuse of power, prevalence of corruption, biased outcomes in legal 
disputes and a low level of overall trust in the legal system. These less developed 
countries failed to overcome coordination failures and thus hindered productivity 
growth and economic development. The work of La Porta et al. (1997) extends this view 
by providing additional perspectives on the performance of capital markets, concluding 
that an inefficient legal system deters investment activities and results in smaller and 
narrower capital markets.  

Low willingness to engage in economic activities due to the inefficiency of formal 
institutions to solve coordination failures also hinders the adoption of new technologies 
and reduces incentives to innovate due to the higher uncertainty, deepening credit 
constraints and the appropriability problems of returns (Hall and Jones, 1999; Coe et al., 
2009; Brown et al. 2017). These investments, however, are considered essential for 
achieving sustainable long-run growth through value creation (Shefer and Frenkel 1998; 
Hall and Reenen 2000; Frenkel et al. 2001; Bello et al., 2004).  

What constitute the reasons for the differences in institutional development? One 
aspect could be the accumulation of human capital. Lipset (1959) and Glaeser et al. 
(2004) suggest that the accumulation of human capital promotes the strengthening of 
institutions, which leads to subsequent economic development. The fundamental idea 
behind this view is that in order for a legal system to operate effectively, it requires 
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sufficient human capital capable of running the systems and solving problems through 
negotiation (see Djankov et al., 2003; Glaeser et al., 2004).  

North and Thomas (1973), on the other hand, considered institutional development 
to be an enabler for the proximate factors, which include human capital accumulation, 
that achieve economic growth and development. This view is also supported by Acemoglu 
et al. (2001), who showed that physical capital and human capital accumulation promotes 
economic growth and subsequent economic development among countries with sufficient 
institutional settings. Similarly, Acemoglu and Robinson (2012), Dias and Tebaldi (2012), 
and Ali et al. (2018) concluded that institutional development enables higher utility to be 
derived from human capital. 

Another aspect of institutional development is the complexity of social development 
and the interaction of formal and informal institutions. Although empirical evidence on 
the contributions of formal institutions to economic growth and development exists, the 
results of its analysis are often tenative, leading to the role of informal institutions like 
networks, culture, history, values, norms and more, affecting both the effectivness and 
development of formal institutions (Djankov et al., 2003; Greif, 2006; North et al., 2009).   

1.1 Entrepreneurship, value creation and institutions 
Entrepreneurship is the main driver for generating economic wealth through job creation 
and product diversification, which lead to subsequent competition in the market.  
The pressure of competition, in turn, favours more efficient allocation and use of resources 
and promotes technological change and innovation (Moran and Ghoshal, 1999; Acs, 2006; 
Acemoglu and Robinson, 2012). Investments in research and development (R&D) are 
considered an indispensable prerequisite for innovating and for achieving sustainable 
growth through value creation (Shefer and Frenkel, 1998; Hall and Reenen, 2000; Frenkel 
et al., 2001).  

Value creation is the process of combining resources expressed as products. Various 
combinations of resources can manifest in products with different values (Moran and 
Ghoshal, 1999). Product differentiation enables firms to increase product varieties, and 
thus generate higher growth. However, based on fundamental historical data, in such a 
differentiation, product identity and differentiation strategies matter. Braguinsky et al. 
(2021) indicated that firms that are characterised by high long-term growth expand  
their technological frontiers and experiment with new, innovative products that are later 
expanded horizontally. Experimenting with vertical value creation in product 
differentiation requires firms to overcome supply-side constraints by adopting new 
technologies and increasing knowledge through human capital. Overcoming these 
constraints proved to have significant spillover effects as the new technologies and 
knowledge were broadly applicable for horizontal differentiation as well.  

The institutional setting constitutes the framework in which the firms operate.  
An inclusive institutional setting with emphasis on property rights, contract enforcement 
and access to financing or venture capital is crucial for encouraging competition through 
entrepreneurial incentives. The allocation of resources, adoption of new technologies 
and undertaking R&DI and trade subsequently enables firms to derive higher utility per 
worker (Hall and Jones, 1999; Maskus, 2000; Rodrik et al., 2004; Acemoglu and Robinson, 
2012). These linkages between institutions, production factors and subsequent 
productivity outcomes can be illustrated in the very simple diagram given in Figure 1, 
below, which follows from the works of North and Thomas (1973) and Hall and Jones 
(1999).  
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Figure 1. Linkages between institutions, production factors and output per worker. 
Source: Author’s creation based on Hall and Jones (1999). 
 

Hall and Jones (1999), like Acemoglu et al. (2014), argued that in a weak institutional 
setting, which they described in terms of high corruption, weak contract enforcement 
and ineffectual legal systems, government interference leads to higher uncertainty and 
reduced incentives to engage in economic activities. Thus, resources and capital that 
would otherwise be allocated to production, technology adoption and innovation will 
instead be used for protecting against diversion. This also hinders subsequent human 
capital accumulation from knowledge-intensive activities. On the micro-level, these 
linkages can be described following Bjørnskov and Foss (2016), as shown in Figure 2 
below.  

 

 
Figure 2. Connections between institutional environment and entrepreneurial actions and outcomes. 
Source: Author’s creation based on Bjørnskov and Foss’s (2016) interpretation of Coleman (1990). 
 

The connections in Figure 2 illustrate the simplified micro- and macro-level structures 
of the causal relationship between how the macro-level institutional environment, 
entrepreneurial actions, and subsequent aggregate outcomes through entrepreneurial 
decisions are connected. It uses the Coleman diagram, which is a sociological model that 
serves as a cognitive tool to structure how large-scale social phenomena can be linked 
with small-scale events or processes in a very simplified manner (Ylikoski, 2021). 
Following Bjørnskov and Foss (2016), the first arrow of the matrix shows the how  
macro-level institutions and economic policies (shown in the upper-left corner), which 
contain enablers and constraints for the business sector, mediate the conditions for the 
business sector (micro-level) shown in the lower-left corner. This in turn shapes the 
entrepreneurial decisions (micro-level) shown in the lower-right corner, which include 
decisions about business creation and engaging in activities that may embed in the 
macro-level productivity outcomes shown in the upper-right corner (Bjørnskov and Foss, 
2016).  
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The entrepreneurial responses to the economic policies and the overall institutional 
setting are, however, heterogeneous. For example, Greenwood et al. (2010) showed that 
heterogeneity in the response to the complex institutional context may be derived from 
different nonmarket factors, like firms’ size, regional conditions, or, in case of very small 
or family-owned firms, family logics. McMullen and Sheperd (2006) addressed the roles 
of entrepreneurial knowledge, motivation, and strategy in the pursuit of different 
opportunities. Rodgers et al. (2022) found that SMEs in particular use nonmarket strategies 
to operate in and beyond some given market settings. In addition, DiMaggio (1988), 
Maguire et al. (2004), Garud et al. (2007), and Pacheco et al. (2010), among others, argued 
that entrepreneurial activities may lead to a change in the institutional environment, 
referring to the potential endogeneity in the system of macro-level enablers of and 
constraints on micro-level responses (Bjørnskov and Foss, 2016). 

Following the Coleman diagram framework provided by Bjørnskov and Foss (2016), 
the first article of this study explores the macro-level institutional setting by addressing 
the human capital and institutional strength that create conditions of entrepreneurial 
action, leading to entrepreneurial outcomes of productivity. The second and third papers 
of this thesis explore the self-perceived micro-level conditions for entrepreneurial 
actions and the decision to engage in R&DI. The final paper of this study addresses the 
entrepreneurial outcomes of the decision to engage in R&DI stimulated by the macro-level 
policy targeting industrial R&DI. 

1.2 Corruption and entrepreneurial incentives to engage in R&DI 
Protection of intellectual property rights promotes R&DI and subsequent innovation by 
granting investors exclusive legal rights over inventions. The property rights system 
failing results in increased risks on returns to R&DI, creates an unfavourable environment 
for investment decisions by having adverse effects on profit reinvestment decisions, and 
decreases the willingness of potential participants to undertake such investments 
(Rugman, 1986; Johnson et al., 2002; Cull and Xu, 2005; Coe et al., 2009; Hall et al., 2010). 
As a result, a weak institutional environment may lead to a situation where political 
connections are used to enhance operations, improve access to finance, and safeguard 
property rights or litigation risks (Boubakri et al., 2013; Cumming et al., 2016; Xu et al., 
2016). In such settings, bribery emerges as a way of doing business (Ashyrov, 2020) that 
hedges against political risks and overcomes bureaucratic rigidities (Krammer, 2019).  

There exist two distinct views on the effects of corruption on firm R&DI. The first, 
supported by the results of studies by De Waldemar (2012) and Paunov (2016), among 
others, considers corruption as deteriorative by creating costs and uncertainty for the 
firms and thus acting to ‘sand the wheel’ by hindering R&DI. Regardless of increased 
costs, extortion risk, and uncertainty accompanied by corruption (e.g., De Waldemar, 
2012; Paunov, 2016; Huang and Yuan, 2021), entrepreneurs might accept the short-term 
transactional benefits of corruption over the burdensome procedures in business 
environments where the institutional setting is poor. However, in the long term, firms 
may find it difficult to cope with the costs of corruption, which leads to damage to the 
competitive marketplace (Huang & Yuan, 2021) and hampers international trade (De Jong 
and Bogmans, 2011) and innovation (Paunov, 2016). 

Another strand of studies, however, has found corruption to be a ‘grease the wheel’ 
mechanism compensating for inefficient bureaucratic systems (Méon and Weill, 2010; 
Nguyen et al., 2016; Xie et al., 2019). This idea underlies the theory that bribes may 
function as a supplementary income to government officials’ low wages, resulting in an 
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incentive to accelerate the implementation of procedures that involve government 
officials (Leys, 1965) and reducing the transaction costs of dealing with sluggish systems. 
This view has found empirical support in Krammer (2019), who studied the introduction 
of innovative products and the role of corruption in overcoming bureaucratic rigidities, 
and Xie et al. (2019), who argue that this positive empirical association is more common 
in developing economies with low overall institutional development. 
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2 Research questions and hypotheses 
In order to deepen the understanding of the formation of SMEs’ knowledge-intensive 
pursuits, this thesis investigates how: (i) aggregate productivity, institutional settings and 
human capital are associated; (ii) entrepreneurial perception of formal and informal 
institutional settings associate with firm-level action to engage in R&DI; and (iii) how 
government efforts through industrial R&DI-oriented policy affect entrepreneurial 
outcomes. To investigate these queries, six research questions will be explored in this 
thesis:  

1. How are human capital and productivity associated? 
2. Are there any positive associations between human capital and institutional 

factors? 
3. How is the entrepreneurial apprehension of institutional settings associated 

with firm-level R&D engagement in economies where overall institutional 
development is low? 

4. Does bribe solicitation have ‘grease the wheel’ or ‘sand the wheel’ effects on 
firm innovation engagement in developing2 economies? 

5. Is the innovation engagement affected differently by bribe solicitation in 
domestic versus foreign firms?  

6. Does public RD&I policy have positive or negative effects on a firm's short-
term performance? 
 

The first article, entitled “The Institutional Environment, Human Capital Development, 
and Productivity-Enhancing Factors: Evidence from ASEAN Countries” addresses the first 
two research questions by exploring productivity enhancement, the quality of human 
capital, and institutional factors among nine ASEAN countries: Cambodia, Indonesia, 
Laos, Malaysia, Myanmar, the Philippines, Singapore, Thailand, and Vietnam. We analysed 
these countries for multiple reasons. First, the ASEAN countries are characterised  
by considerable variation in their institutional settings, heterogeneous cultures,  
socio-economic contexts, and political development. Second, the ASEAN countries 
collectively constitute the third-largest economy in Asia and the fifth-largest economy in 
the world, with a total GDP of around 3.6 trillion US dollars.3 As the ASEAN region gains 
more importance in the world economy, the constellation of economic development and 
institutional settings in these countries warrants further research. 

Following the findings of Lucas (1990), Galor and Moav (2004), Cervellati and Sunde 
(2005), Dunne and Troske (2005), Gómez and Vargas (2012), Che and Zhang (2018), and 
more, my hypothesis for the first research question is that higher-level human capital has 
a positive association with factors relevant to productivity, describing the differences in 
physical capital accumulation, foreign direct investment (FDI) inflows, innovation and the 
availability of the latest technologies between more and less developed ASEAN countries. 
The hypothesis for the second research question is that human capital accumulation has 
a positive association with institutional development (Glaeser et al. 2004 and Ali et al. 
2018). 

 
2 Based on the United Nations Statistics Division (UNStats) classification. Available at: 
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Funstats.un.org%2Funsd%2F
methodology%2Fm49%2Fhistorical-classification-of-developed-and-developing-
regions.xlsx&wdOrigin=BROWSELINK 
3 Available at: https://www.imf.org/en/Publications/WEO/weo-database/ 
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The second article, entitled “Institutions and R&D engagement of SMEs in Laos. Post-
Communist Economies” investigates the association between SMEs’ R&D engagement 
and the institutional setting they themselves perceive in the Lao People’s Democratic 
Republic (hereafter Laos). The institutional setting is observed to have three pillars:  
(i) political uncertainty; (ii) bribe solicitation by the government; and (iii) frequent tax 
inspections by the government. The Laos government has made multiple efforts since 
the beginning of the 21st century to enhance SMEs’ productivity through the country’s 
legal and regulatory frameworks. However, little is known about the SMEs’ perception of 
the implementation of regulatory measures in Laos. Moreover, the evidence indicates 
that the main sources of economic growth are still energy, mineral extraction and mining, 
low-value-added agriculture, and industry. 

Thus, Laos is a good example of an economy where institutional development is low, 
the government is elite-oriented, and the enforcement of rules and regulations depends 
on those in power positions. The hypothesis for research question three is that firms that 
invest in R&D in such institutional settings apprehend institutional quality as being lower 
through more frequent tax inspections, bribe solicitation and political uncertainty, 
compared to firms that do not engage in R&D. This follows the findings by Ayyagari et al. 
(2011) and Aghazada and Ashyrov (2022).  

The third paper, entitled “The roles of foreign and domestic ownership in the 
corruption–firm innovation nexus” investigates the nexus between corruption and 
innovation among foreign- and domestically-owned firms in developing economies around 
the world. Differentiation based on ownership is new to the literature on corruption  
and offers some insightful information. The difference between domestically- and 
foreign-owned firms that compete in the same market is not ambiguous (Un, 2011) as 
foreign-owned firms are usually more productive. Nor does this divergence appear to 
diminish over time because of the differences in financial constraints (Girma et al., 2008; 
Arnold and Javorcik, 2009; Estrin et al., 2009). This study also addresses the much-debated 
effects of corruption in the field of bribery studies – ‘grease the wheel’ effects (e.g., 
Nguyen et al., 2016; Xie et al., 2019) or ‘sand the wheel’ effects (e.g., De Waldemar, 2012; 
Paunov, 2016). 

This study addresses research questions four and five. The fourth research question’s 
hypothesis is that, in developing economies where overall institutional quality is low, 
bribe solicitation has ‘grease the wheel’ effects on innovation that help firms to 
overcome bureaucratic barriers and accelerate their innovative activities (Ayyagari et al., 
2014; Xie et al., 2019). The hypothesis for the fifth research question is that foreign firms 
may experience bribe solicitation more as they are less restricted by financial constraints 
(Girma et al., 2008).  

The final paper, entitled “How the EU Cohesion Policy targeted at R&D and Innovation 
impacts the Productivity, Employment, and Exports of SMEs in Estonia” investigates the 
short-term effects of the 2014–2020 European Cohesion Policy Programme on Estonian 
firms’ productivity, employment, and export outcomes. Public support for R&DI can be 
viewed through the prism of market failures. SMEs’ ability to implement a policy of 
intellectual property protection is often limited, restricting the appropriability of 
innovation returns (Arrow, 1962). Consequently, this may lead to underinvestment in 
R&DI without the support of public grants (Acs and Audretsch, 1990). The primary 
challenge for public R&DI-targeting support programs is the trade-off between achieving 
short-term measurable gains that improve the performance of beneficiaries and the 
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long-term structural effects that might not promote entrepreneurial incentives to 
innovate (Hottenrott et al., 2017).  

The literature on the effectiveness of Cohesion Policy (CP) outcomes is broad, 
expanding and reports highly mixed results (Dall’Erba and Le Gallo, 2008; Ramajo et al., 
2008; Hagen and Mohl, 2011; Pienkowski and Berkowitz, 2016; Dall’Erba and Fang, 2017). 
The ambiguous results are driven by two-dimensional heterogeneity. The first dimension 
of this heterogeneity stems from public support targeting a highly diversified set of 
beneficiaries (Rodríguez-Poze and Fratesi, 2004; Bachtrögler et al., 2020; Fattorini et al. 
2020). The second dimension derives from the regional differences in the economic 
systems, regulatory implementations and entrepreneurship ecosystems (Cappelen et al., 
2003; Ederveen et al., 2006; Farole et al., 2011; Becker et al., 2013; Bachtler, 2014; 
Bachtrögler et al., 2020). Thus, the article addresses research question six with the 
hypothesis that the public research, development, and innovation (RD&I) policy 
promotes firms’ short-term performance, following the results published by Benkovskis 
et al. (2018) regarding Latvian firms. 
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3 Data and methodology 
This thesis uses both macro- and micro-level data retrieved from various databases.  
The macro-level data comes from the World Bank (WB), Penn World Tables version 10 
(PWT), World Economic Forum Global Competitiveness Index (WEF GCI), World Bank 
Governance Indicators (WGI), and the Global Innovation Index (GII) databases. For 
exploring the micro-level responses, the thesis mainly uses WB Enterprise Survey data, 
accompanied by data from Statistics of Estonia and Enterprise Estonia for public grants.  

3.1 Evaluating macro-level associations between institutions and human 
capital 
The first article, entitled “The Institutional Environment, Human Capital Development 
and Productivity-Enhancing Factors: Evidence from ASEAN Countries” addresses research 
questions one and two by studying the country-level associations between three domains 
(human capital, productivity, and institutional quality) among nine ASEAN countries.  
The data for these domains were gathered from WB, PWT, and WEF GCI databases. Due 
to data availability, the study covers the years from 2007 until 2017 inclusive.  

Based on studies by Barro (2001), Galor and Moav (2004), Cervellati and Sunde (2005), 
Lee et al. (2010), Ali et al. (2018), and Maneejuk and Yamaka (2021), the knowledge bases 
of the countries are described using data on tertiary education enrolment, education 
quality, human capital index, the availability of scientists and engineers, and the 
percentage of the population using the Internet. Variables such as capital stock, foreign 
direct investment inflows, the output side of real GDP, an innovation index, and the 
availability of the latest technologies are used to identify the productivity-enhancing 
factors and thus capture each country’s level of wealth through economic activity, capital 
inflows and the overall level of real capital stock required from physical capital 
accumulation to carry out innovation (see Alguacil et al., 2008; Fu et al., 2011; Iamsiraroj 
and Ulubaşoğlu, 2015). The latest technologies' level of availability is used as a proxy in 
this study for capturing the technological base for innovating (Romer, 1990; Rivera-Batiz 
and Romer, 1991).  

To capture the productivity-enhancing institutional setting, measures of economic 
freedom, political stability, voice and accountability, and intellectual property protections 
are used. Economic freedom comprises government size, regulatory efficiency, openness, 
and the rule of law to protect rights for doing business and to enable benefits to be 
derived from open markets (see Romer 1990). Intellectual property protection, political 
stability, and voice and accountability, on the other hand, capture the legal environment 
required for inventors to seek property protection for their inventions (Yang and Maskus, 
2001; Guisan, 2009; Hall et al., 2010; Lin et al., 2010; Xu et al., 2016). 

The empirical evaluation is carried out by using the canonical correlation method, 
which belongs to a family of multivariate statistical methods that assess the linear 
relationships between dependent and independent variable pairs denoted as Y and X, 
respectively. The dependent variable pairs explored in this study include the productivity 
and institutional quality-related set of variables. The independent set of variables 
includes variables related to human capital quality. The canonical variates of the model 
are defined as (𝐴𝐴𝑖𝑖 ,𝐵𝐵𝑖𝑖), 𝑖𝑖 = 1, . . ,𝑛𝑛. The canonical correlation method maximises the 
correlation 𝜌𝜌𝑖𝑖∗ = (𝑐𝑐𝑐𝑐𝑐𝑐(𝐴𝐴𝑖𝑖𝐵𝐵𝑖𝑖))/√(𝑐𝑐𝑣𝑣𝑣𝑣(𝐴𝐴𝑖𝑖)𝑐𝑐𝑣𝑣𝑣𝑣(𝐵𝐵𝑖𝑖)) between the canonical pairs.  
The simplified framework of canonical correlation is given in Figure 3, below. 
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Figure 3. Canonical correlation estimation framework. 
Source: Author’s creation based on Androniceanu et al. (2020). 

Like multiple linear regression, canonical correlation is suitable for analysing 
associations between pairs of variables using linear combinations, but it allows multiple 
intercorrelated outcome variables accommodating a more complex set of multivariate 
relationships when exploring the associations between productivity, institutional quality, 
and human capital. Unlike many of the linear regression methods, including panel data 
and time-series models, canonical correlation effectively handles high dimensionality in 
a limited sample size. Institutional changes are mostly evolutionary, and the variance 
arises over a longer time span. The variation in short country-level panels is drawn from 
cross-country heterogeneities in institutional settings. Given the limitations in institutional 
variation and in sample size, canonical correlation enables the researcher to explore the 
associations between the sets of variables characterising the institutional setting and the 
productivity-enhancing capacities of human capital and innovation, in order to provide 
correlations between the generalised synthetic dimensions of interest.  

3.2 Bribery and R&DI 
Articles two and three, entitled “Institutions and R&D engagement of SMEs in Laos” and 
“The roles of foreign and domestic ownership in the corruption–firm innovation nexus” 
respectively, focus on the firm-level apprehension of the institutional setting, and the 
effects of bribe solicitation on firms’ R&DI engagement. To do so, both studies use the 
firm-level data retrieved from the WB Enterprise Surveys database. The first of the two 
studies focus on the R&D engagement of 614 private firms in the emerging economy of 
Laos. The data covers the survey years 2016 and 2018. The dependent variable was a 
binary R&D variable, indicating whether the firm had reported R&D investments. 
The independent variables that reflect institutional perception included the ordinal 
variable of perceived political uncertainty as an obstacle to doing business (following 
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Barro, 1991; Lin et al., 2010; and Xu et al., 2016), and a nominal number of tax inspections 
by government officials. Additional firm-level variables, reflecting the firm’s abilities to 
invest in R&D, included firms’ age, number of employees, annual sales revenues, 
apprehension of access to credit and availability of sufficiently educated human capital, 
and the binary variable of foreign ownership status derived from a 50%-or-more foreign 
ownership threshold. 

The second of the two studies investigated innovation engagement more broadly by 
including firm-level responses from 4,118 privately owned firms from 34 developing4 
economies around the world. The innovation engagement was measured in three ways: 
(i) product innovation engagement, (ii) process innovation engagement, and (iii) overall 
innovation engagement that combined those definitions in line with earlier studies like 
those of Van Beveren and Vandenbussche (2010), Capitanio et al. (2010), Damijan et al. 
(2010), Ayyagari et al. (2011), Goedhuys and Veugelers (2012), Michailova et al. (2013), 
and Cirera and Sabetti (2019), among others. The firms were classified into categories of 
foreign or domestic ownership using a 10% ownership threshold, following Ashyrov and 
Masso (2020). In addition, in this study, the sample was restricted to exporting firms only, 
first to avoid potential endogeneity stemming from the “learning from exporting” 
hypothesis (Bratti and Felice, 2012; Fabling and Sanderson, 2013; Rodil et al., 2016) and 
second due to evidence that exporting firms are more productive than their non-exporting 
counterparts (Basile, 2001). Additional firm-level control variables included the age of 
the firm, the group indicator (if the firm is part of a bigger establishment), number of 
employees, sales, firms’ product portfolio diversity, possession of quality certification, 
skilled labour proportion, engagement in R&D, tax administration as self-perceived 
obstacle for doing business, and indicators of whether the firms have interacted with 
government officials to obtain electricity-related infrastructure connections (De Rosa et al., 
2015) or import licenses. To account for the country-level fixed effects, variables like 
Purchasing Power Parity, adjusted GDP per Capita, population, export as a percent of 
GDP, rule of law, and innovation indices from WB, WGI, and GII databases were included 
in addition to the country identification variable.  

A common key dependent variable in both studies is the self-reported dichotomous 
bribe variable that reflects whether the firm has experienced informal gifts or informal 
payment requests from government officials. According to Lin et al. (2010), informal 
payments or gift requests by government officials reflect the government’s avarice, 
leading to an increase in the cost of doing business and lowering returns to R&DI. It is 
important to note that the bribe variable has potentially endogenous properties 
concerning firms’ R&DI engagement as innovating may lead to a need to obtain different 
permits or licenses that increase interactions with government officials (Xie et al., 2019).  

In addition to the endogeneity problem, the measures from both studies suffer from 
reporting biases common in working with survey data. First, the R&DI measurement is 
derived based on the respondents’ apprehension of innovation. Both samples are 
dominated by small and medium businesses with low overall R&D intensity. This may 
lead to measuring innovation that is incremental rather than substantial. Second,  
the data suffer from missing responses. Although WB surveys are conducted in a way 
that provides full confidentiality to responders, the bribe variable poses many missing 
observations that may be deliberately omitted. To alleviate the possible bias stemming 

 
4 Based on the United Nations Statistics Division (UNStats) classification.  
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from the self-reported data that are not missing at random (Rubin, 1976 and 1978), 
multiple imputations are used to estimate the statistically possible responses to missing 
values.  

Because of the limited sample size, the potential endogeneity between the dependent 
variable and the bribe variable, and the availability of mostly ordinal and binary 
independent variables in the first study, full Bayesian inference logistic regression with a 
Bernoulli distribution was used to control for the possible randomness of parameter 
estimates and separability between variables. The posterior distribution was sampled 
using the Hamiltonian Monte Carlo (HMC) ‘no-U-turn’ sampler (NUTS). The first two 
estimations used normal and Student’s t-distribution vague priors to identify problems 
with the model estimations and sample the posterior distribution. In the third estimation, 
the rescaling of estimations was undertaken adopting Gelman et al.’s (2008) suggestion 
to use a normal distribution generic prior for binary independent variables and a weak 
Student’s t-distribution prior for all other independent variables (Gelman et al., 2008). 
The fourth estimation used weakly informative empirical priors that were derived from 
the expected associations between dependent and independent variables based on the 
association found in the literature. A simplified graphical presentation of the Bayesian 
logistic regression with Bernoulli distribution is given below, in Figure 4. 

Figure 4. Simplified graphical presentation of Bayesian logistic regression with a Bernoulli 
distribution.  
Notes: 𝑥𝑥𝑖𝑖  denotes the original information captured in the data. The prior inference is denoted by 
𝑤𝑤 for independent variables and 𝑤𝑤0 for the intercept, which in a general form notation can be 
formulated as 𝑤𝑤~𝑁𝑁(𝜇𝜇,∑), where 𝜇𝜇 represents the prior mean and ∑ represents the prior standard 
deviation. 𝑧𝑧𝑖𝑖 = 𝑤𝑤𝑇𝑇𝑥𝑥𝑖𝑖 denotes the pseudo data, and the discriminative probabilistic linear classifier 
is formulated as 𝑃𝑃𝑣𝑣(𝑦𝑦𝑖𝑖 = 1|𝑥𝑥𝑖𝑖) = 1

1+𝑒𝑒𝑒𝑒𝑝𝑝−𝑧𝑧 
= 𝜆𝜆(𝑧𝑧𝑖𝑖). Thus, 𝑦𝑦𝑖𝑖  ~𝐵𝐵𝐵𝐵𝑣𝑣𝑛𝑛𝑐𝑐𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖 (𝑝𝑝𝑖𝑖) denotes the 

estimated posterior distribution estimated from the exact Bayesian inference for logistic regression 
with a non-conjugate prior, formulated as 𝑃𝑃𝑣𝑣 (𝑦𝑦𝑖𝑖 = 1|𝑤𝑤𝑇𝑇𝑥𝑥𝑖𝑖 =  ^(𝑤𝑤𝑇𝑇𝑥𝑥𝑖𝑖)𝑝𝑝(𝑤𝑤)𝑑𝑑𝑤𝑤 
Source: Author’s creation based on Tasane et al. (2023). 

The second study, however, addressed the identification of the causal relationship of 
bribe solicitation on a firm’s innovation engagement by using recursive bivariate probit 
regression (Lewbel et al., 2012; Filippini et al., 2018). The recursive bivariate probit 
enables analysts to address endogeneity through a system of simultaneous equations, 
allowing correlation of the error terms, which in separate estimations would lead to 
inconsistent estimates.  
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The recursive bivariate probit is a class of simultaneous equation estimator. Recursive 
bivariate probit enables the joint estimation of two dichotomous choice probit models, 
allowing the correlation of error terms that would lead to inconsistent estimates if 
estimated in the single equation model, due to endogeneity. The system of the 
simultaneous equations is given in formulae (1)-(3), below. 

 
𝐷𝐷∗ = 𝑋𝑋𝛽𝛽𝐷𝐷 + 𝑍𝑍𝑍𝑍 + 𝜖𝜖2,      𝐷𝐷 =  𝕀𝕀 (𝐷𝐷∗ > 0)                                    (1) 

𝑌𝑌∗ = 𝑋𝑋𝛽𝛽𝑌𝑌 + 𝐷𝐷𝐷𝐷 + 𝜖𝜖1,     𝑌𝑌 =  𝕀𝕀 (Y∗ > 0)                                     (2) 

so that 𝜌𝜌 = 𝑐𝑐𝑐𝑐𝑣𝑣(𝜖𝜖1, 𝜖𝜖2 )  ≠ 0                                             (3)  

𝑌𝑌∗ and 𝐷𝐷∗ represent latent variables representing the probability of the baseline 
outcome of engaging in innovation and the probability of endogenous dichotomous action 
of engaging in bribery, respectively. 𝑋𝑋 denotes a set of common covariates included in both 
innovation and bribe engagement equations, and 𝑍𝑍 denotes the instruments of the 
endogenous choice of engaging in bribery. 𝕀𝕀 (∙) denotes the indicator function. The graphical 
illustration of the recursive bivariate probit is given in the Figure 5 below.  

  
Figure 5. Recursive bivariate probit framework. 
Source: Author’s creation. 

3.3 Effects of public innovation policy on firms’ performance 
The fourth article of this thesis is entitled “How the EU Cohesion Policy targeted at R&D 
and innovation impacts the productivity, employment and exports of SMEs in Estonia” 
investigates the question posed by its title. The study uses a total of six different data 
sources, merged into one comprehensive dataset. The funded projects and beneficiaries’ 
data for the 2014–2020 and 2007–2013 program periods were retrieved from the 
Estonian Ministry of Finance. National support data for developing the competitiveness, 
smart specialisation and export capacity of Estonian companies were retrieved from the 
Enterprise Estonia database. Estonian companies’ registry and business registry data 
were accessed through the Statistics of Estonia research environment. The main observed 
periods covered the years from 2014 to 2019. These controls used registry data on 
Estonian companies that covered business demographic information including company 
size, age, ownership, sector and location; financial and accounting information; and the 
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companies’ records in exporting. The Estimation sub-samples were formed on the support 
activity level, including companies that met support eligibility requirements, while 
outliers were removed using uni- and multivariate outlier detection (blocked adaptive 
computationally efficient outlier nominators: see Billor et al., 2000).  

The analytical framework relied on estimating the causal effects of the policy 
intervention, setting up a counterfactual that constituted the hypothetical outcome of 
the treated unit had it not received treatment. The underlying framework for causal 
inference was based on the potential outcome model designed by Rubin (1974). In 
observational studies, including quasi-experimental designs, the fully randomised 
treatment condition was not satisfied, and additional measures needed to be taken to 
meet the unconfoundedness assumption, which implies that treatment assignment is 
independent of the observed outcomes. There is a substantial and rapidly expanding 
body of methodological research that has proposed solutions for correcting the selection 
bias that is conditional on observables, allowing the treatment to be estimated under 
unconfoundedness. These methods include matching techniques, regression adjustment 
with inverse probability weighting (IPW), regression discontinuity design, difference-in-
difference, imputation and projection techniques, and hybrid-class methods (Rosenbaum 
and Rubin, 1983; Bickel et al., 1993; Wooldridge, 2007; Imbens and Wooldridge, 2009; 
Cattaneo, 2010; Imbens and Rubin, 2015; Abadie and Cattaneo, 2018). 

This research uses some properties of the quasi-experimental design; however, since 
support is allocated nonrandomly, the study had to impose controls for the selection into 
the treatment (see Czarnitzki and Lopes-Bento, 2014 for selection bias) and make 
adjustments to set up the counterfactual. Consequently, we estimated the empirical 
analysis of the causal inference in two steps. The first step included calculating 
generalised propensity scores (GSP) for selection into treatment 𝐷𝐷, which corresponded 
to receiving public R&DI support. The generalised propensity score was calculated on 
covariates dated T – 1 from the treatment 𝐷𝐷.  

The second step estimated the semi-parametric inverse probability weights (IPW) 
using the novel efficient influence function estimator (EIFE) proposed by Cattaneo 
(2010). The efficient influence function estimator used the covariates dated T – 2 from 
the outcome 𝑌𝑌 to avoid potential endogeneity between the dependent and independent 
variables. Combining the regression adjustment and matching techniques made it 
possible to meet the assumptions of unconfoundedness along with offering the benefits 
of the semi-parametric approach, circumventing the rigidity of assumptions about the 
functional form. The simplified estimation strategy is given in Figure 6, below. 

 
Figure 6. Simplified estimation strategy showing the effects of Cohesion Policy targeting R&DI using 
the semiparametric efficient influence function estimator.  
Source: Author’s creation. 
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4 Findings and conclusions 
This thesis investigates how human capital, institutional factors and bribe solicitation are 
associated with the extent to which SMEs are innovative. The four publications included 
in this thesis enable us to understand the role of human capital and institutional settings 
on different economic levels and through different institutional concepts. As the main 
focus of the studies is on the transition context of rapidly growing ASEAN countries or of 
more advanced emerging economies, this thesis contributes to institutional studies by 
shedding light on: (i) what the differences are in human capital and productivity-
enhancing factors between high-income countries and rapidly growing ASEAN countries 
in transition; (ii) how self-perceived institutional environment and bribe solicitation 
relates to SMEs’ R&DI engagement; and (iii) how government R&DI policy impacts SMEs’ 
labour productivity, employment and exports.  

The first article contributes to understanding how institutional factors and the quality 
of human capital are associated with productivity-enhancing factors. By focusing mainly 
on nine ASEAN countries, which exhibit high variance in income per capita and very 
heterogeneous institutional backgrounds, the results derived from the study sample 
show that countries with high GDP per capita in constant national prices exhibited a high 
association between R&D-relevant human capital development, productivity-enhancing 
factors, and institutional strength. This association suggests that the quality of human 
capital has enabled these countries to attract FDI, technology adoption, innovation and 
the institutional development required for sustainable economic growth. On the other 
hand, the transition countries in the sample, despite demonstrating rapid economic 
growth, are still heavily dependent on low value-added physical capital accumulation in 
sectors where there is a relatively low level of technology adoption and even less 
innovation.  

Although technology adoption has been understood as one of the key elements for 
achieving economic growth and overcoming poverty gaps, it requires a sufficient level of 
human capital to succeed. The developments in human capital accumulation, however, 
appear both to be asymmetric in time and associated with the countries’ institutional 
backgrounds, confirming hypotheses one and two. The main policy implication of these 
results concerns human capital accumulation through the quality of education and the 
availability of a workforce with top-level skills. 

The second and third articles contribute to scholarly understanding of the association 
between firms’ institutional perceptions, bribe solicitation, and willingness to engage in 
high-uncertainty R&DI activities. The second paper’s empirical findings demonstrate that 
in Laos, an economy with a weak institutional setting, firms that engage in R&D experience 
more government bribe solicitation and need to deal with cumbersome business 
regulations. Companies engaging in R&D investments are more frequently subject to tax 
inspections associated with time-tax and increased operations with government officials. 
In addition, R&D-investing firms perceive greater political uncertainty, which is also 
associated with the apprehension of property protections. This confirms the third 
hypothesis, with policy implications concerning the potential pitfalls of cumbersome 
business regulations and the need to strengthen the protection of property rights. 

The third article also deepens the understanding of associations with bribery and R&DI 
engagement by examining it through the lens of firms’ ownership. The results confirmed 
this paper’s fourth hypothesis and revealed that bribery serves as a ‘grease the wheel’ 
mechanism facilitating innovation regardless of firms’ ownership status in developing 
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economies. As foreign-owned firms generally have better access to external finance, they 
can better accommodate the costs of bribery to get things done than domestically owned 
firms, as assumed in the fifth hypothesis. The mechanism for domestically owned  
firms, however, is slightly different: they are less restricted in interacting with local  
public officials in their home country and are more familiar with the culture of  
business–government relations and possible loopholes in the legislation. It is important 
to note, however, that the ‘grease the wheel’ hypothesis of the corruption and 
innovation nexus holds true only in the context of the sample of countries included in 
this study and the cross-sectional setting of the data while denying the possibility of 
extending these results to examine the long-term effects that corruption may have on 
innovation. 

 In some cases, bribery may generate competitive distortions and give a competitive 
advantage to specific firms. In the case of innovation, this competitive advantage may 
persist if it serves dominant and monopolistic firms. As a result, this study’s findings 
underscore the importance of developing countries finding institutional and policy 
solutions to coordination failures where the company-level rational choice to bribe leads 
to market friction, negative externalities, and suboptimal development at the country 
level.  

The fourth paper contributes to the understanding of how an R&DI-targeted Cohesion 
Policy supports firm-level short-term labour productivity, employment, and exports.  
The results indicate that while the R&DI supports have positive impacts on firms’ labour 
productivity, the results for employment outcomes are moderate, while the exporting 
outcomes are ambiguous. As a result, the study only partially confirms the sixth 
hypothesis by revealing desirable outcomes in labour productivity for R&DI-targeting 
support programs given the lagged and uncertain outcomes of R&DI, which may also 
justify the inconclusive effects for exporting. 

There are several limitations to the findings of this thesis. First, the connections 
between human capital, institutional strength and productivity are explorative and do 
not address causality, which would enrich the results significantly. Second, the role of 
formal and informal institutions is addressed by mainly relying on the perception of the 
individuals representing the entrepreneurial bodies, and the results reflect the  
short-term effects of that perception. Third, the effects of government intervention 
through R&DI policy are measured by relying only on quantitative data. Thus, future 
research could add additional value by addressing the causality that exists between 
aggregate productivity, human capital, and institutional settings, and observing the  
long-term effects of institutional perception and R&DI outcomes. Regardless, this thesis 
offers policy implications that underscore the roles of institutional strength and human 
capital development in generating productivity growth, warranting the entrepreneurial 
conditions to engage in high-uncertainty R&DI activities that are indispensable for  
long-term sustainable development.  
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Abstract 
Institutions and the innovativeness of SMEs 
Economic development is a focal point of economic research and policymaking. 
Entrepreneurship, especially knowledge-intensive entrepreneurship, is one of the core 
elements driving economic growth through job creation, product diversification and 
competition. R&DI product differentiation is costly, characterised by high uncertainty, 
and capital gains emerge only after a certain amount of time has elapsed. But why are 
businesses in some countries more innovative than in other countries? 

This thesis aims to investigate the nexus between the institutional setting and the 
innovativeness of SMEs by exploring: (i) whether aggregate productivity, institutional 
setting and human capital are associated; (ii) entrepreneurial perception of formal and 
informal institutional settings associate with firm-level action to engage in R&DI; and  
(iii) whether government efforts through industrial R&DI-oriented policy affect the
entrepreneurial outcomes. The core focus of this thesis lies in observing institutional
settings in the context of ASEAN or other developing economies but also takes advantage 
on Estonian R&DI policy enforcement outcomes.

This thesis consists of four published articles that together address six research 
questions and hypotheses. The first article explores how human capital and institutional 
strength are related to productivity-relevant factors in nine ASEAN countries, described 
in terms of high variance in wealth levels. The second article explores the association 
between firm-level self-perceived institutional strength and bribe solicitation, and its 
effect on research and development engagement in the emerging economy of Laos. 
The third article addresses the nexus between bribe solicitation and innovation 
engagement in foreign- and domestically owned firms operating in developing 
economies. The fourth article studies the impacts of the European Union Cohesion policy 
targeting R&DI on Estonian SMEs’ short-term labour productivity, employment, and 
export outcomes.  

Various data sources are used throughout the studies included in this thesis. 
The macro-level data comes from the World Bank, Penn World Tables version 10, 
World Economic Forum Global Competitiveness Index, World Bank Governance 
Indicators, and Global Innovation Index databases. The firm-level data is mainly World 
Bank Enterprise Survey data, but also comes from Statistics of Estonia and Enterprise 
Estonia for public grants. The methods used in this study include (i) canonical correlation 
for finding an association between variable groups in short, macro-level panels; (ii) full 
Bayesian inference logistic regression and recursive bivariate probit regression to explore 
the relationship between the firms’ self-perceived institutional setting and bribe 
solicitation, along with research, development and innovation contaminated by the 
endogeneity; and (iii) a two-level efficient influence function estimator, to evaluate the 
treatment effects of government research, development and innovation policy.  

The results of these studies indicate that, based on the example of the nine ASEAN 
economies included in the sample, the quality of human capital is indispensable for 
promoting the productivity-enhancing factors like foreign direct investments, technology 
adoption, innovation, and institutional development required for sustainable economic 
growth. The transition countries in the sample, which are characterised by lower wealth 
levels, are still more heavily dependent on low value-added physical capital accumulation 
in sectors characterised by low levels of technology adoption and overall innovation. 
Firms that operate in developing economies and engage in high-uncertainty R&DI 



38 

activities tend to experience more government bribe solicitation, perceive institutional 
quality as lower, and deal with more cumbersome business regulations that require 
increased interactions with government officials. The differentiation based on firm 
ownership and experiences of bribe solicitation does not indicate that domestically 
owned firms experience bribe solicitation differently from foreign-owned firms, which 
generally have better access to external finance and can better accommodate the costs 
of bribery. The results of the government policy aiming to promote firms’ R&DI indicate 
positive impacts of government efforts and reveal desirable outcomes for firms’ 
subsequent short-term labour productivity – but not on employment, or on exports, 
which depend on the time-lagged outcomes of innovation. 

The main policy implications arising from this study derive from the finding that 
human capital along with institutional strength are indispensable for promoting 
knowledge-intensive economic development. Since returns on the R&DI are uncertain 
and emerge only after some considerable time, these findings underscore the 
importance for developing countries of finding institutional and policy solutions to 
coordination failures, which lead to market friction, negative externalities, and 
suboptimal development at the country level. Along with strengthening institutional 
settings, positive R&DI policy, which alleviates credit constraints for innovating, 
promotes entrepreneurial outcomes for growth and development. The results of this 
thesis contribute to enhancing the understanding of the importance of institutional 
settings to country-level differences in wealth and explain how institutional settings 
associate with firms' R&DI activities.  
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Lühikokkuvõte 
Institutsioonid ning väikeste ja keskmise suurusega 
ettevõtete innovatsioonivõimekus 
Majanduskasv ja -areng on majandusuuringute ja poliitikate kujundamise üks 
põhifookuseid. Ettevõtlussektor ja selle teadmusmahukuse kasv on majandusarengu 
üheks olulisemaks komponendiks, luues uusi kõrge lisandväärtusega töökohtasid ja 
panustades konkurentsivõime kasvu läbi kaupade- ja teenuste mitmekesistumise ning 
lisandväärtuse kasvu. Teadus- ja arendustegevusel ning innovatsioonil tuginev kaupade- 
ja teenuste väärindamine on aga kulukas, tegevuse tulem on ebakindel ja tasuvus saabub 
üldiselt märkimisväärse viitajaga. Jääb aga küsimus, et miks on mõned riigid oma 
ettevõtlussektori näol innovatiivsemad kui teised? 

Käesolev doktoritöö keskendub institutsioonide ja väikeste ning keskmise 
suurusega ettevõtete innovatsioonivõimekuse vaheliste seoste uurimisele, käsitledes: 
(I) tootlikkusega seotud tegurite, institutsioonide ja inimkapitali vahelisi seoseid;
(II) kuidas ettevõtete poolt tunnetatud formaalne ja mitteformaalne institutsionaalne
keskkond on seotud väikeste ja keskmise suurusega ettevõtete teadus- ja
arendustegevuse ning innovatsiooniga; ja (III) kuidas riiklik teadus- ja arendustegevuse
ning innovatsioonipoliitika mõjutab väikeste ja keskmise suurusega ettevõtete lühiajalisi
majandustulemusi. Käesolev doktoritöö keskendub peaasjalikult Kagu-Aasia Maade
Assotsiatsiooni ja muude arengumajanduste näidetele, aga ka Eesti teadus- ja
arendustegevuse ning innovatsioonipoliitika rakendamise tulemustele.

Doktoritöö koosneb neljast artiklist, mis on avaldatud rahvusvahelistes 
eelretsenseeritavates teadusajakirjades. Esimene artikkel uurib inimkapital ja 
institutsionaalse kvaliteedi seoseid tootlikkust mõjutavate teguritega üheksa Kagu-Aasia 
Maade Assotsiatsiooni riigi näitel, mida iseloomustab kõrge variatsioon jõukuse 
tasemetes. Teine artikkel uurib ettevõtte tunnetust institutsionaalse kvaliteedi osas, 
altkäemaksu ning teadus- ja arendustegevusega tegelemise vahelisi seoseid Laose näitel. 
Kolmas artikkel uurib kuidas altkäemaksujuhtumid on seotud välis- ja kodumaises 
omandis olevate ettevõtete innovatsioonitegevusega erinevate arenevate riikide näitel. 
Neljas artikkel keskendub Euroopa Liidu Ühtekuuluvuspoliitika teadus- ja 
arendustegevusele ning innovatsioonile suunatud ettevõtlustoetuste lühiajalist mõju 
Eesti väikeste ja keskmise suurusega ettevõtete tööjõutootlikkusele, tööhõivele ja 
ekspordile. 

Doktoritöö raames läbi viidud uurimustes kasutatakse erinevatest andmebaasidest 
pärinevaid andmeid. Makrotasandi andmed pärinevad Maailmapanga, Penn World 
Tables 10, Maailma Majandusfoorumi globaalse konkurentsivõime indeksi, 
Maailmapanga valitsemisnäitajate ja Globaalse Innovatsiooni Indeksi andmebaasidest. 
Ettevõtte tasandi andmed pärinevad peamiselt Maailmapanga ettevõtete uuringust, aga 
ka Eesti Statistikaametist ja Ettevõtluse Arendamise Sihtasutuse toetusandmetest. 
Doktoritöös kasutatud meetodid hõlmavad: (I) kanoonilist korrelatsiooni leidmaks 
seoseid muutujate rühmade vahel lühikestes makrotasandi paneelides; (II) Bayesian 
logilist regressiooni ja rekursiivset kahemõõtmelist probit regressiooni, et uurida 
ettevõtete poolt tunnetatud institutsionaalse keskkonna kvaliteedi, altkäemaksu ning 
teadus- ja arendustegevuse ning innovatsiooniga tegelemise vahelisi seoseid 
endogeensustingimustes; ja (III) kahetasandilist mõjusa hindamise meetodit hindamaks 
Euroopa Ühtekuuluvuspoliitika teadus- ja arendustegevuse ning innovatsioonipoliitika 
mõju ettevõtete majandusnäitajatele. 
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Käesolevas töös käsitletud uurimuste tulemused näitavad üheksa Kagu-Aasia Maade 
Assotsiatsiooni majanduse näitel, et inimkapitali kvaliteet on möödapääsmatu 
tootlikkusega seotud tegurite, nagu välisinvesteeringud, tehnoloogiasiire, innovatsioon 
ja institutsionaalne areng, soodustamiseks ning sellest tõukuva jätkusuutliku 
majanduskasvu saavutamiseks. Valimisse kuulunud üleminekuriigid, mida iseloomustab 
madalam jõukuse tase, sõltuvad endiselt enam madalama lisandväärtusega füüsilise 
kapitali akumulatsioonist sektorites, mida iseloomustab omakorda vähene 
tehnoloogiasiire ja madal innovatsiooni tase. Ettevõtted, kes tegutsevad arenevatel 
turgudel ja tegelevad teadus- ja arendustegevuse ning innovatsiooniga kogevad 
tõenäoliselt sagedamini korruptsiooni, peavad institutsionaalset kvaliteeti madalamaks 
ja peavad tegelema keerukate ning kurnavate regulatsioonidega, mis nõuavad tihedat 
läbikäimist riigiteenistujatega. Ettevõtete eristamine omandivormi järgi aga ei viita 
sellele, et kodumaises omandis olevad ettevõtted erineksid oluliselt välisomandis 
olevatest ettevõtetest, kellel on üldiselt väiksemad kapitalipiirangud läbi omandisuhete 
ja suudaksid seeläbi korruptsiooniga seonduvate kuludega paremini toime tulla. Riiklik 
teadus- ja arendustegevusele ning innovatsioonile suunatud ettevõtluspoliitika näitab 
positiivseid lühiajalisi mõjusid ettevõtete tootlikkuse kasvule ning aitab vähendada 
teadus- ja arendustegevuse ning innovatsiooniga seotud kapitalipiiranguid. Samas 
nimetatud poliitika lühiajalised mõjud ettevõtete tööhõivele ja ekspordile ei leia kinnitust 
tulenevalt teadus- ja arendustegevuse ning innovatsiooni tulemuste viitajaga avaldumisest.  

Käesolevast doktoritööst tõukuvad poliitikasoovitused hõlmavad inimkapitali ja 
institutsionaalse arengu olulisust teadmistepõhise majandusarengu saavutamisel.  
Võttes arvesse teadus- ja arendustegevusele ning innovatsioonile omast ebakindlus 
tegevuste tulemuslikkuses ning viitajaga kaasnevaid tulusid, ilmestavad käesoleva  
töö leiud institutsionaalsete ja poliitiliste lahenduste leidmise olulist 
koordinatsiooniprobleemidele, mis põhjustavad turu kõrvalekaldeid, negatiivseid 
välismõjusid ja takistavad seeläbi teadmusmahukat majandusarengut riiklikul tasandil. 
Institutsionaalse raamistiku tugevnemisel on oluline roll teadus- ja arendustegevuse ning 
innovatsioonipoliitikal leevendamaks ettevõtete uuendustegevustega seotud 
kapitalipiiranguid ja tagamaks nende ettevõtete jätkusuutlik toimimine. Selle lõputöö 
tulemused aitavad paremini mõista institutsionaalse keskkonna rolli jätkusuutliku 
majanduskasvu saavutamisel läbi ettevõtlussektori, näidates kuidas erineva 
jõukustasemega riigid erinevad oma inimkapitali- ja institutsionaalse kvaliteedi poolest 
ning käsitledes kuidas institutsionaalne keskkond seostub ettevõttetasandi teadus- ja 
arendustegevuse ning innovatsiooniga.  
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Appendix 1  
THE INSTITUTIONAL ENVIRONMENT, HUMAN CAPITAL DEVELOPMENT AND 
PRODUCTIVITY-ENHANCING FACTORS: EVIDENCE FROM ASEAN COUNTRIES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Publication I 
Tasane, H., & Srun, S. (2023). The Institutional Environment, Human Capital 
Development, and Productivity-Enhancing Factors: Evidence from ASEAN Countries. 
TRaNS: Trans-Regional and-National Studies of Southeast Asia, 1–16.  
DOI: https://doi.org/10.1017/trn.2022.13 (ETIS 1.1) 
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��������	
������
����� �����
��
� ���� ��������� !�"#$��%���&� $'(%)*+,��
���
�
�����
���
�����-��.
����� ,��
���
�
�����
���
�����-��.
�����
�-�/0�����
����1�������-�����012���2
.2��������
�-
����2
.2�����
���
�
�� 3��
���� 4��-5��6
�7��68����36���
�
������9�-�/:�6��3��
���9�-�/ :�6��3��
���9�-�/0����-���������2�
�.��-���������-����
� 3��
���� ;���4��-������<=>=����
����-����
�����6��� ����
����-����
�����6���0.���������� ;�������.� 4��-5��6
�7��68����36���
�
������9�-�/9�-
�
-������
�.
������� ;�������.��
�-
�
-������
�.
���������6����������
� ;�������.� 4��-5��6
�7��68����36���
�
������9�-�/5-����
�?���
�� @���
����-����
�
�-�/ 3��
���� 4��-5��6
�7��68����36���
�
������9�-�/A%(B�!$#&#$CD� E� !# F'�!$(%G3��
������H 3��
������H���������I=<J���
�����
���K
�6
�>I=<JL�MN ;���4��-������<=>=7�9
���1� 7��
.�-
����
�����6���0���
���1�K��������.��8�;N ;�������.� 4��-O��H�3PQ=-���R�����S�
-�����8�; R�����S�
-�����8�;���2�
��-;;;�K
�6
�>I=<JL�MN ;���4��-������<=>=9�����
� ,..��.���
�����
�
�-�/ 3��
���� 4��-5��6
�7��68����36���
�
������9�-�/,��
���
�
������������2��.
�� ,��
���
�
������������2��.
��
�-�/0�����
����1�������-�����012���2
.2�������
�-
��������������
���
�
���6-������2��.
�� 3��
���� 4��-5��6
�7��68����36���
�
������9�-�/A%(B�!$#&#$CD� E� !# F# G$#$�$#( ��'�!$(%GT
����������
�
�� 9�-�/�2��������������-6��/�����
-�����-�����������12
��2��
�.�2������
���-� 3��
���� 4��-O��H8��������9�-
�����;�
�
�������
�
�� 9�-�/�2�����������������
����2�.����6�������
�
����-��������������
���
�����
����6���� 3��
���� 4��-O��H8��������9�-
�����5��6
�����-6 9�-�/�2�����������������
������6
�����-6��-��
�������> 3��
���� 4��-O��H�3PQ=-���9������������������������
�� 9�-�/�
�������������������
.2��0�����
����1�������-�����012���2
.2�������
�-
�����2
.2��������
��
�����������������
�� 3��
���� 4��-5��6
�7��68����36���
�
������9�-�/ KUVWXYWZ[\N
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Appendix 2 
INSTITUTIONS AND THE R&D ENGAGEMENT OF SMES IN LAOS 

Publication II 
Tasane, H., Ashyrov, G., & Srun, S. (2023). Institutions and R&D engagement of SMEs in 
Laos. Post-Communist Economies, 35(4), 384–402. 
DOI: https://doi.org/10.1080/14631377.2023.2188687 (ETIS 1.1) 
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Appendix 3 
THE ROLES OF FOREIGN AND DOMESTIC OWNERSHIP IN THE CORRUPTION–FIRM 
INNOVATION NEXUS 
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corruption–firm innovation nexus. Bulletin of Economic Research, 1–36.  
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ABCDEFGFDHAIHAJKLMNKOPQPARSKTAUVVWXYZZKMN[MQN[\SOS]̂L[NQ]̂_KTZPK[ZBÎBBBBZ\KQŜB̀CBaA\]AbOSVcAdM[eQSX[V]Af[\SOS]HAg[NQ]AhMN[MQAf[\SOS]AKMAiBBZIaZ̀Ìjk̂AlQQAVUQAbQSTXAOMPAmKMP[V[KMXAnUVVWXYZZKMN[MQN[\SOS]̂L[NQ]̂_KTZVQSTXoOMPo_KMP[V[KMXpAKMAg[NQ]AhMN[MQAf[\SOS]ARKSAScNQXAKRAcXQqAhrAOSV[_NQXAOSQAsKeQSMQPA\]AVUQAOWWN[_O\NQAmSQOV[eQAmKTTKMXAf[_QMXQ



��������	
����� ��

�������� �����	������� !"� #���$���#""
"�����%�	����	��	"&������		"&� �"	�	
'�(�	�)��)�*+,-./0�&�����%����	������� !�	
1	�"	
� �"	��%� #"
�")1! ! �	
��
���"�!�	'���	 #�!�!*22232232��'��!�	 ! � �! ����!��	�����	��"	453653�	
475��&�����"�
�	��(*��� "�3(���3�	
&�� "��8�
�"1	 �(
1%%��!���	" ��'"� �
*9,:;<.0="%'���
)( #��1 #"�!*>="�"1����1����	)�&��?�
� ?���("	��	���)���(*�"%@
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Appendix 4 
HOW THE EU COHESION POLICY TARGETED AT R&D AND INNOVATION IMPACTS THE 
PRODUCTIVITY, EMPLOYMENT AND EXPORTS OF SMES IN ESTONIA 

Publication IV 
Ferraro, S., Männasoo, K., & Tasane, H. (2023). How the EU Cohesion Policy targeted at 
R&D and innovation impacts the productivity, employment and exports of SMEs in 
Estonia. Evaluation and Program Planning, 97, 102221.  
DOI: https://doi.org/10.1016/j.evalprogplan.2022.102221 (ETIS 1.1) 
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���������� ��!"#$�%�����&'(&%�#��#!�)(*'� �+())#"%����'�++�$&%("��$&",�%+�#"����%"&�+�%�#��&���)#+%-%"&�+�%�#��� #�#$��+��+�+%�''�'�$�%���&���$#+%'.�"� ��%�/0��,#�+,�+��%�&'12�34567�89&��'��%�&'1�345:;2�&����+�%�&%�<=>?�����+%$��%+����%��+��� #�#$��+�&"��)&"%� ('&"'.��('��"&*'��%#�$&",�%�!&�'("��*� &(+��#!�'�$�%����@%�"�&'�"�+#(" �+2�&���&"����".� �&''��A��A�!#"�%���"�BCD-�#$��&%���*(+���++�+� %#"+�*� &(+��#!�'�$�%�����%�"�&'�"�+#(" �+1�C&"#+��A.��&���E&A.�/3454;�(+�������� ��!"#$�F(�A&".�&��2�'�,��F&"%8+��,#�&���B&(A&�/3453;2�%��.�G���%�&%�)(*'� �#"�DH-!(�����A"&�%+��&��&�)#+�%�����!!� %�#��%���+&'�+�#!� #$)&���+I�0��-,#�+,�+��%�&'1�/3456;�(+�+�J&%��&���&%&�&���89&��'��%�&'1�/345:;��$)'#.������� ��!"#$�9K� ��&��#L���"2�&���"�)#"%� #�M� %��A������� ��!#"�%����!!� %+�#!�)(*'� �+())#"%�)#'� .�#��%���)"#�( %���%.�#!� #$)&���+2�%�#(A��%���"�"�+('%+�*"#&�'.�&A"���%�&%�%��"��&"��)#+�%�����!!� %+�#���$)'#.$��%1�N�����%����� #� '(+���������� ��!"#$�%���'�%�"&%("����&'(&%��A�)(*'� �+())#"%2�)&"%� ('&"'.�!#"�%���$�$*�"�+%&%�+�%�&%��&���$#"��"� ��%'.�O#�����%��� #$$#��$&",�%2�#("�+%(�.� #�%"�*(%�+�*#%����� #�%�@%�&������%���$�%�#�#'#A� &'�+ "(%��.���+ "�*������%�����@%�+� %�#�1�PQRSTS�UVWXYZU[�\SX]Ŝ_ZU[�S̀a�TbZ�cX]̀Y]c_ZU�Vd�USec_Z�dVXeST]V̀�fIgIhiji�klmnopk����+�+%(�.�(+�+�&�(��q(���&%&+�%�%�&%� #$*���+�$('%�)'��+#(" �+�#!���!#"$&%�#��&���%�&%�+)� �G &''.�+�"��+�%���)(")#+�+�#!��+%�$&%��A��#L�%���9r�D<>s�+())#"%�&!!� %+�%���)"#�( %���%.2��$)'#.$��%�&����@)#"%�#(% #$�+�#!�G"$+15t�����D+%#��&��C���+%".�#!�s��&� ��)"#������%����&%&�#��+())#"%�!#"�%��� (""��%�9r�)"#A"&$$��)�"�#��345uv3434�&���%���)"���#(+�#���344:v345t2�&'#�A�L�%����!#"$&%�#��#��&''�%����������(&'�)"#O� %+�&���*���G �&".� #$)&���+�!(�����*.�%���D<>s15u�?��&���%�#�2�D�%�")"�+��D+%#��&2�&�A#��"�$��%&'�*#�.�%�&%�&''# &%�+��&%�#�&'�+())#"%�!#"�����'#)��A�%��� #$)�%�%�����++2�+$&"%�+)� �&'�+&%�#�5w�&����@)#"%� &)& �%.�#!�D+%#��&����%�")"�+�+�)"#�������&%&�#��%���&$#(�%�"� ������*.� #$)&���+�!"#$��&%�#�&'�+())#"%�+ ��$�+�#��"�%���%"�&%$��%�)�"�#��345uv34561����+�$�&�%�L�� #('�� #�%"#'�!#"�%��� #�!#(����A�%�&%�+%�$$���!"#$�%���%"�&%$��%����%���)"���#(+�9r�!(����A�)�"�#�����344:v345t�&���!"#$�%����&%�#�&'�+())#"%�+ ��$�+2�L��'��&'+#�"(����A��($�"#(+� #�%"#'+�!"#$�%���"� ��%�9r�)�"�#��#!�$&�����%�"�+%�!#"�#*-+�"�&%�#�+�!"#$�345u�%#�34561����+�� #�%"#'+�(+���"�A�+%".��&%&�#��D+%#��&�� #$)&���+�%�&%�"�)"�+��%�%�����%�"��)#)('&%�#��#!� #$)&���+����D+%#��&�&���%�&%� #��"�*(+���++���$#A"&)�.���!#"$&%�#���� '(���A� #$)&�.�+�K�2�&A�2�#L��"+��)2�+� %#"�&���'# &%�#�2�G�&� �&'�&���

&  #(�%��A���!#"$&%�#�2�&���%���"� #"������@)#"%��A15x�fIyIzn{|o{}~pk��ln��ln�{|��j�p�i|i~�k{k�}l}m~ij{l|�i|��pkj{�ij{l|�ki�}~pk������&%&�%�&%�����%�!.��#L�%���9r�!(��+��$)& %�%���)"#�( %���%.2��$)'#.$��%�&����@)#"%+�#!� #$)&���+�&"��&� #$)&�.-.�&"�)&��'�#!�&�)#)('&%�#��#!�D+%#��&�� #$$�" �&'���%�")"�+�+�%�&%�&"����%��"�)"��&%��'�$�%��� #$)&���+2�)(*'� �'�$�%��� #$)&���+�#"� #$$�" �&'�&++# �&-%�#�+15:�������� &%#"��&"�&*'��+�)&"&%�+�)(*'� �&���)"��&%��'�$�%��� #$)&���+�&+�%��"���+�&�%��!#'����!!�"�� �����%���$���$($� &)�%&'�"�-q(�"�$��%+��$)#+���*.��&%�#�&'�'�A�+'&%�#�156���� #��( %���%����$)& %�&++�++$��%�#��%���'���'�#!�& %���%.�L�%��+�)&"&%�'.�!#"$���%"�&%$��%�&��� #�%"#'�A"#()+�!#"�*#%��& %���%��+2�u131u�<=>� '(+%�"+2�&���u1u131�<=>��#( ��"+1����� #�%"#'�A"#()+�L�"��!#"$���*.�!#''#L��A� '#+�'.�%����'�A�*�'�%.� "�%�"�&�#!�%��� #""�+)#����A�+())#"%�& %���%.�%#�$��%�%��� #���%�#��#!� #$$#��+())#"%�����+%�$&%��A�%����$)& %�#!�%���%"�&%$��%1�?��&���%�#�2�%���)"�-�+%�$&%�#��&�&'.+�+� '�&����#(%'��"+�!"#$�%��� #�%"#'�A"#()+�(+��A�*#%��(���&"�&%��&���$('%��&"�&%��$�%�#�+1�����(���&"�&%��&))"#& ��"�$#���� #$)&���+�!"#$�%��� #�%"#'�A"#()��!�%���"� #""�+)#����A��&"�&*'�+�L�"��$#"���@%"�$��%�&��%���$���$($�&���$&@�$($��&'(�+�#!�%���%"�&%$��%�A"#()15��B�� ��%���(���&"�&%�� '�&���A�)"# ��("���#�+��#%�&  #(�%�!#"�&*�#"$&'�%��+�����&%&�)&%%�"�+2�L��&'+#�(+���%���0�9�E�&))"#& ��#!�*'# ,���&�&)%���� #$)(%&%�#�&''.��!G ���%�#(%'��"��#$��&%#"+2�&+�)"#)#+���*.�0�''#"��%�&'1�/3444;2�%#�"�$#��� #�%"#'�A"#()�#*+�"�&%�#�+�L�%��&%.)� &'��&%&�)&%-%�"�+1����*�'�����%�&%�#("�)"�� �)'�+�!#"�!#"$��A�%��� #�%"#'�A"#()�(+��A�q(&'�%&%�����'�A�*�'�%.� "�%�"�&�&���q(&�%�%&%����(���&"�&%��&���$('%�-�&"�&%���&%&� '�&���A�)"# ��("�+�+�%�"�'�&*'��*#(��&"��+�!#"� #$$#��+())#"%1��#�"�$#���%����#�+��#!�%��� #�!#(����A��!!� %�%�&%�+%�$+�!"#$�)&"-&''�'�%"�&%$��%�L��"�$#����!"#$�%��� #�%"#'�A"#()�&''�%��� #$)&���+�%�&%�*���G%%���!"#$�9r�D<>s�+())#"%�(���"�&�.�#%��"�+())#"%�& %���%��+��("��A�%���%"�&%$��%�)�"�#�1����+�"�$#�&'������#%��@%����%#�%�#+�� #$)&���+�%�&%�"� ������+())#"%�!"#$�%���)"���#(+�344:v345t�!(����A�)�"�#�2��#"�%#�%�#+�� #$)&���+�%�&%��&��"� ��������%"�)"���("+��)�+())#"%�!"#$��&%�#�&'�)(*'� �A"&�%+1�?�+%�&�2�%����!!� %+�#!��&%�#�&'�)(*'� �A"&�%+�&���%���)"���#(+�D("#)�&��!(����A�A"&�%+�!"#$�344:�%#�345t�L�"��%&,�����%#�&  #(�%�*.�%�����%"#�( %�#��#!� #�&"�&%�+�!#"�%��$����%���%"�&%$��%��+%�$&%�#�+�&���%���&))'� &%�#��#!�%���+�'� %�#�-#�-�#*+�"�&*'�+� #���%�#��/9&%%&��#��%�&'12�345t;1�����G�&'2� '�&����+&$-)'��!#"�&�&'.+�+� #$)"�+�+�5423:��&���6:5:�#*+�"�&%�#�+�!#"�%���%L#�<=>?�+())#"%�& %���%��+�&+�)"�+��%�������&*'��31�fIfIzn{|o{}~pk��ln��ln�{|��j�p�i|i~�k{k�}l}m~ij{l|�i|��pkj{�ij{l|�ki�}~pk������&'(&%���#L�9r�D<>s��$)& %+�%���'&*#("�)"#�( %���%.2��$)'#.$��%�&����@)#"%�#(% #$�+�#!�D+%#��&��BCD+�(+��A�&�*"#&��+�%�#!� #�%"#'+�!#"� #�!#(���"+1��("�+�'� %�#��#!�#*+�"�&*'�+�!#''#L+�&�'&"A��
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01��%#�8%#����5%#8�"�%��%��)8�#"A)��7��!�)�"�%���#�%#�">��#��)�3>�"6��'���)"#>�%5�(7%�%8�7�C55��#)�����b%88$��7�"�%�)����()"%����)���6""�)���8W8.�������%3i�7"�,�)A�7"�,�"��)��7%�%8�7A��,�!%�8��"�)8�#"A)��7��!�)�"�%�.�

z���RIIEIG�RM�ET����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������



���������	�	
���������		�	��������������

�

�������� �!"���#�$����%!�&�!''�$�(!��")���&�!$ %��*�&+��,�#�����-�''��.�&�!����&+��! &%!����/ �&�!�012�3+��%!#����&������&+��! &%!����/ �4&�!������&+���*����$���5��!(�&+��%!�6��)���$�&+��6��(!����%����$�%�&!���&+�&���)�%!�&��" &��&!��&��'�"! ��6�!$ %&�#�&)7���6'!)���&���$��86!�&�! &%!���0�3+��%!�6��)9��:;<����%!�6 &�$� ���*�&+����*��&��&�!��$�&�����&+����*��&�)�$�&����$��&����%���!��$��&�=>�)�����&!���$ %���8%����#��#����&�!����$�&!��#!�$�%! �&��*�&+��)�����!(�!6���&�!��"�(!���?�&!������*����$��&����$�6��$��%����$�����&�!$ %�$������@�&��%!�!�)����&+��"�*�����*�!(�&+��2AA>�0�3+��BCDE<F�GH�<DIJGK<<L������%!�$�$����&+��%!�6��)9����*��&�)�$�&��*�#���&����5�7���$���!&+������� ���!(���5�����&+��#����"'��M:J<L�F<N<BC<L7�(!��&!&�'���#�� ��7����� ��$����&+! ���$��!(�� �!�0�O�'��*��"!$)�!(�'�&���& ���+����&�����$�&+�&����''�����$�)! �*���P���������!���'�@�')�&!�(�%��P���%��'�%!��&����&��Q����R5����&5@�7�1>>ST�U�6'���V�W��*�'��7�2AAXT�-Y�����!!�V�-���@Z''7�1>1>T�[�+!\��&��'07�1>2A]���$���)�&+ ��+�#�������&�����$�%�6�%�&)�(!�����!#�&�!����$�$�#�'!6���&0�3+��%!#����&���̂:L_���$�̂:L_�<̀CaN:J<BbL����� ��$����&+! ���$��!(�� �!����6�����&�&+��'�/ �$�&)�&+�&����"'���%!�6������&!����&� �(!�������'��"�'�&������$� �'���+�&+����*�!c&+�6!&��&��'�Qd��4%e�43�� �'�V�-��&e��54[!'��!7�1>>f]0�g<b�hB̂GD<�iHb<F�j:k<L�Ql,O3]�%�6& ����&+�����@�&�#�' ����$�6�!P&�"�'�&)��������*��!(�&+���86�%&�$�*�!c&+���$�������*��6!&��&��'�Qd!'$7�1>>m]�!(�&+��%!�6��)0�hBb:B;aEJ<�:LL<bL�aBb<BLabK����&+����&�!�!(���&��*�"'������&��!#���&!&�'�����&�7���$��&�%!�&�!'��(!��&+���&!%@�!(���&��*�"'��*!!$��� %+�����!(&c���7�'�%��%���!��6�&��&��&+�&�%���"��%!���$���$�����(P%���%)4��%������*���$�*�!c&+4��+��%��*�6!&��&��'0�3+���6�%&� ��!(���&��*�"'��(�%&!�����7�+!c�#��7�"�!�$���&+���c+�&�&+��"�'��%���+��&�6�����&����$��&���%' $���(�%&!���'�@��+ ����%�6�&�'7��!%��'�%�6�&�'���$�&�%+�!'!*�%�'�%�6�&�'�Qn�&&!����&��'07�1>21]0�,��&+����& $)7�&+���!%��'���$�&�%+�!'!*�%�'�%�6�&�'�!(�P���������!&����� ��$��86'�%�&')7�" &����6�!6!��$�")�-!��&&��Q1>>o]�&+��+ ����%�6�&�'��((�%&����6�!8��$�c�&+�c�*����& ����$�P��$����&!&�'��!�&+')���'��)��86��$�& ���6���6���!����6'!)�$0�3+��! &%!����/ �&�!���'�!���%' $���%!#����&���!���86!�&��6���6���!����6'!)�$7���(!���*��!c����+�6�$ ��)7���$�&+��p��P�$�+'4p���%+�������@�&�%!�%��&��&�!����$�8�Qpp,]0�qkIGFbL�I<F�I<FLGB�<DIJGK<r�$�#�$���&+���86!�&���#�� ��!(�&+��P���")�&+���#���*��� �"���!(�6�!6'����6'!)�$���$��&�%�6& ������#���'�*�����(�!����&����&�!��'���&�!��� %+����@�!c'�$*���6�''4!#���7�'������*�(�!���86!�&��*7�&�%+�!'!*)�$�(( ��!����$��%!�!�����!(��%�'��Qs�#!�%�@7�1>>oT�-���!�V�t�+&��7�1>2AT�.!$�'4-��5�"�'��&��'07�1>2S]0�-!��!#��7��&�����'�!�(! �$�&+�&�'��*����$����&��'')��!���6�!$ %&�#��P����QOc��&��'07�1>>fT�R!�&���&��'07�1>2XT�u�"'��*�V�[��$���!�7�1>2=]�&+�&�6�)�+�*+�����'�����������!���'�@�')�&!���*�*������86!�&��*7���$���!�*�&+!���P���7�&+��� "��/ ��&�6�!$ %4&�#�&)�*�����(�!���86!�&��*�����&+��+�*+��&�(!���86!�&����!(�+�*+�#�' �4�$$�$�6�!$ %&��Qv�*���7�2AAm7�1>>2]0�3+��HGF<a;B�GwB<FL_aI���4$�%�&!��%!�&�!'��(!��$�((����%������6�!$ %&�#�&)7��86!�&��*���$���6'!)4���&�&+�&���)��&���(�!��&+��&)6��!(�!c����+�6�Q3�"'��S]0�R!�&���&��'0�Q1>2X]���6!�&���6�!$ %&�#�&)�6���� ���&&��" &�$�&!�(!���*��!c����+�60�u���'')7�&+��pp,����%�'% '�&�$� ���*�&+��& ��!#���!(�&+��P���!#���&+��&!&�'�& ��!#���!(�&+��lOR?�1�$�#���!��&!�%!�&�!'�(!��&+��$�*����!(�%!�6�&�&�!��&+��P���(�%�������&����%&!�����@�&7���$�&+���

�%%! �&��(!��6��(!����%���((�%&��$��#���")�&+�����@�&�$�#���!��Q�����'�!�R+���)�V�x���7�1>2=]0�3�"'��O1����O66��$�8�O�$�&��'��&+��$��%��6&�!����$��86'�����&+��%�'% '�&�!�����$� ��&��!(��''�&+��#����"'��� ��$����&+����&���&�!��6�!%���0�3+���!����'��!��&��)�#�' �������$�y�&�$� ���*�&+��#�' �4�$$�$���$�%�6�&�'�$�y�&!���!��&+��'�#�'�!(�&+��lOR?�14$�*�&���4$ �&�)�%!$�0�3+���#���*����'��)�#����"'�����$�y�&�$� ���*�&+��R!�� ����z��%��,�$�8�QRz,]�$�y�&!�0�{|}~���������~��������3+��%��&��'�����!(�&+��6!'�%)��#�' �&�!�����&!���&���&��&+��%� ��'��((�%&�!(���6!'�%)���&��#��&�!�7�!����&���&���&7�!���!���!"���#�"'��! &4%!����&��*�&�$�")�&+��6!'�%)0�3+�����')&�%�'�%!�6'�%�&�!����������&&��*� 6���%! �&����%�����!7���%! �&��(�%& �'�&+�&�%!��&�& &���&+��+)6!&+�&�%�'�! &%!���&+��&���&�$� ��&�c! '$�+�#��+�$��(��&�+�$��!&���%��#�$�&���&4���&7���$�&+�&�(!��&+�� �&���&�$� ��&��(��&�+�$���%��#�$�&���&���&0�3+���&��$��$�(����c!�@� ��$�&!�(!���'����&+��6�!"'������&+��6!&��&��'�! &%!����!$�'�")�. "���Q2Af>]7�c+!��&�&�$�&+�&�c�&+����$!����$�&���&���&7�&+��6!&��&��'�! &%!��� �$����'&����&�#��&���&���&�(!��������$�/ �&��%! �&��(�%& �'0�,��!"���#�&�!��'��& $���7���%' $��*�/ ���4�86������&�'�$���*��7�&+�����$!����$�&���&���&�%!�$�&�!������!&���&��P�$���$��$$�&�!��'����� �������$�&!�"��&�@���&!����&��*�&+���*�!��"�'�&)�Q!�� �%!�(! �$�$����]���� �6&�!�����2����>����7�c+�%+���6'����&+�&�&+��&���&���&�����*����&��������$�6��$��&�!(�&+��! &%!������O�� "�&��&��'���$�*�!c��*�"!$)�!(���&+!$!'!*�%�'�������%+�+���6�!6!��$��!' &�!���(!��%!���%&��*���'�%&�!��"����%!�$�&�!��'�!��!"���#4�"'���&+�&��''!c�&���&���&�&!�"����&���&�$� �$��� �%!�(! �$�$����7���%' $��*���&%+��*�&�%+��/ ��7���*�����!���$\ �&���&�c�&+���#�����6�!"�"�'�&)�c��*+&��*�Q,zv]7���*�����!��$��%!�&�� �&)�$���*�7���$�$�((����%�4��4$�((����%�7���6 &�&�!����$�6�!\�%&�!��&�%+��/ ��7���$�+)"��$4%'������&+!$��QO"�$���V�R�&&���!7�1>2fT���%@�'��&��'07�2AA=T�R�&&���!7�1>2>T�,�"����V�. "��7�1>2mT�,�"����V�v!!'$��$*�7�1>>AT�.!���"� ��V�. "��7�2Af=T�v!!'$��$*�7�1>>X]0�x ��������%+���&&��*�%!����6!�$��&!�&+��/ ���4�86������&�'�$���*�7�c+�%+����$����%!�&�!'�(!��&+����'�%&�!����&!�&���&���&���$�&+��%!���4�6!�$��*�%!���%&�!���(!��&+��%! �&��(�%& �'0�R5����&5@����$��!6��4���&!�Q1>2o]��&�����&+�&�&+����* '�&!�)���/ ������&����$��'�*�"�'�&)�%��&�����!(�&+��6 "'�%�� 66!�&��%+���������'�@�')�&!���&�!$ %��&���&���&���'�%&�!��"�����0�,��%!���/ ��%�7�! ����6���%�'����')����!(�&+��%� ��'���(����%��!(�&+��� 66!�&�&���&���&��((�%&����$!������&c!��&�6�0�3+��P��&��&�6����&!�%�'% '�&��&+��*�����'���$�6�!6����&)��%!����Qd[z]7���$�&+����%!�$����&!�� ��&+������46�����&��%���#�����6�!"�"�'�&)�c��*+&��*�Q,zv]���&���&�!�� ���*�&+���!#�'��(P%���&���y ��%��( �%&�!����&���&!��Q?,u?]�6�!6!��$�")�R�&&���!�Q1>2>]0�,��$!��*�&+��7�&+����*�����!���$\ �&���&���$���&%+��*�&�%+��/ ���6�!#�$�����!' &�!��(!�����&��*�&+����� �6&�!���!���*�!4��"�'�&)7�c+�'��&+������46�����&��%��66�!�%+�'�&�� ��%��% �#��&�&+����4*�$�&)����&+����� �6&�!���!��&+��( �%&�!��'�(!��0�3+��*�����'���$�6�!6����&)��%!����Qd[z]�&�%+��/ ����&�!$ %�$�")�.!���"� ���&��'0�Q2Af=]�%!�&�!'��(!��&+����'�%&�!��"������$���&���&���&+��6�!"�"�'�&)�!(�&���&���&����&+��R!+���!��z!'�%)�6�!*������QRz]7�!��&+��'�@�'�+!!$�!(�"���*�����*��$���&!�&+��bF<:bD<Bb�;FGCI�!(�&+!���"���P&��*�(�!��� 66!�&����!66!��$�&!�&+��%!�&�!'�*�! 6�!(��!�4"���P%������0�,��$!��*�&+��7�d[z��''!c��(!��&���&�$���$� �&���&�$�%!�6������&!�"����&%+�$�")�����'���&�������&+����!"���#�$�%+���%&����&�%�0�3+��6�!6����&)��%!��������%!�$�&�!��'�6�!"�"�'�&)�!(�"���*�����*��$���&!�&���&���&�*�#������!"���#�$���&�!(�%!#����&������2���7�c+�����������"����)�&���&���&���$�%�&!����$��������#�%&!��!(�!"���#�$�%!#����&���&+�&�+�#������((�%&�!����'�%&�!����&!�&���&���&0�u!''!c��*�&+����66�!�%+7�c��(!���&+��"�����(!����&%+��*�&���&�$���$�%!�&�!'���&��6������&+�&��+��������'���6�!6����&)��%!���#�' ��7�!��&+�&�����B<:F<Lb�B<a;_EGCFL����&+�����%!���#�' ��0�3+���#���*��&���&���&��((�%&�!��&+��&���&�$�QO33]����$�P��$����&+��$�((����%�����&+��6!&��&��'�! &%!�����b���$��b�(!��&c!�$�((����&��6��!$���b���$�b�!�7����!&+���c!�$�7�&+���86�%&�$�%� ��'��((�%&�!(�&+��&���&���&�(!��P�������&+��&���&���&�*�! 6��ijj�q��b��b����2�c+����\ �&�!���!(�&+��! &%!�������!"���#�$�(!����%+� ��&0�3+���#���*��%� ��'��((�%&�!(�&+��

��������[��6'��%!�6������")�!c����+�6�&)6����$�&���&���&��&�& �0���.Vn�%' �&���� .Vn�#! %+����u!���*��!c��$� �?[� lx� �?[� lx� ¡�¢� 2A� X>m� S� 1f>� ¡�£� 2Sf� A=fX� 2=X� f1Ao�MGCF̂<¤�R!�6�'�$�")�&+��� &+!��0�

12�3+�� �!"���#�$���$!*��! ����'�%&�!����)�!%% ��$ ��&!��&&��&�!��&+�&�����!�4���$!����$������'�&�$�&!���� �'���6!�&��*�6��%&�%�����%' $��*���6!�&��*�/ �'�&)���$�%!����&��%)0�

M¥�¦<FF:FG�<b�:J¥���������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������



���������	�	
���������		�	��������������

�

���������� !�"#���"�$����%�&���"��'�()**+,-./01.20340�+/5+,-./0340�+/51,-.20340+/56�78���9!��''&�"�8&:8;&:8�'��8����<"���=���<�;�"�>�<����=��8����<'�;��==����%&�8��8��?�'����� �&"�&���&":��8���@���:���==����&"��8��!�!<;��&�"��=�?� '��8�������&@���'<!!���A��"��$'��@���B<�"�&�#�

%8&;���8��'���"����� �&'��8����<"���=���<�;��=�"��'<!!����=����8����������?� '6�78���<��� ��.+4.CDE/14F.CG  �"&=�'�'���<'�;�&"=���"�����"�&�&�"����"��8�����;&'��&�"��=������ �"��HI�;;�"�A�/JKLM6�78���<��� ���"���8��'�;���&�"��B<��&�"���:��''��'�����!������� &"����"���$'��@���&"���!��>����� �"��!��&�������@�&���8���"��:�"�<'�=���$��N��8��� �#���8��%&'����&'��$��%��"��8���8�������&'�&�'��=��8��?� ��"���8������� �"���==���'6�78��� !&�&��;�'�����:#�� !;�#'���8#$�&�� ��8����8����� $&"�'� ���8&":��"����:��''&�"���O<'� �"��%&�8�&"@��'��!��$�$&;&�#�%�&:8�&":�HPQRM6�78��PQR���%�&:8�'��8���$'��@��&�"'�%&�8��'�& �����!��!�"'&�#�'����'��"��'���� �@�'���"=�<"�&":��"��:�"�����'���!'�<��>!�!<;��&�"�&"�%8&�8��8������� �"��&'�&"��!�"��"���=��8�� ��'<������"=�<"���'�HR��;��&�:�A�STTUM6�78��PQR>��O<'������:��''&�"��"�;#'&'�&"�8&'�%�#�!<�:�'��8���'�& ���'��=��8������� �"�>'!��&?��!���&������<��� �'�=�� ��8��& !��=���� ���8&":�HV$��&��W�X����"��A�ST/KM6�78����<$;#���$<'���=?�&�"��&"Y<�"���=<"��&�"�HZP[M�!��!�'���$#�X����"���HST/TM���;&�'�!���&�<;��;#��"����%�>'��!�'� &>!��� ���&��\�"���;&'���]��8����=�]�> �"�'�H\]]MA�%8�����8��?�'��'��!�&'�=<;;#�"�">!��� ���&���"������<"�'�=����8��!���"�&�;�"�">' ���8"�''�&"��8�� � �"����"�&�&�"'6�78��'���"��'��!��� $&"�'��8���<��� �'�=�� ��8�� � �"����"�&�&�"'�%&�8��8��PQR��'�& ���'6�78���=?�&�"���'�& ������=�X����"���HST/TM��"��X����"�������;6�HST/̂M�$���'�����<$;#���$<'��!��!���#��8����;;�%'�=����������&�"��=��8��$&�'��8��� �#���&'��=�� �& !��=���� ���8&":����=�� �=<"��&�"�;� &'>'!��&?���&�"��=��8�� ���;6�78���'�& ��&�"A�8�%�@��A��� �&"'���!�"��"���"��8���''< !�&�"'�&"��8��'�;���&�">�">�$'��@�$;�'��"����  �"�'<!!�����8���:<���"�����8��&:"���$&;&�#���"�&�&�"6�[����8��'�N���=���$<'�"�''A�%�����&�&�"�;;#�<'���8�� ��:&"�;� ��"�
_̀ab�cbZ'�& ��&�"���'<;�'6�d���'e�Q�&"���'�& ���'�=����8���@���:������� �"���==�����"���������HV77���!������'<���<"����$#�Jfg���"?��"���&"���@�;'MA�'��"����������'�&"�!���"�8�'�'6�hij�k�h��&"��#�i��'��jB<���'l�dd]V7XI�k��"�>���>�"��d����'��d�&:8$�<��]���8&":�<'&":�]�8�;�"�$&'��&'��"��l�mV�k�m�:��'>'&�"�V�O<'� �"�6�nnnA�nnA�n���!��'�"��'���&'�&��;�'&:"&?��"���:&@�"�!oT6T/A�!oT6TfA��"��!oT6/���'!���&@�;#6�p2qrstu�X� !&;���$#��8���<�8��'6�
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���������� !"#$%&' !(' ) *#++#,&-' .( /( 012345( 67-,-8&+9%7 8&+:-$; <-9 =9->9#8 &?#@A#+%-,( BCCDEF GHIJHK LM NOLCLPJOQR ST' UVWXW2Y( !7&8->@A' /(' Z&;+9&=-' [(012345( B\]ĴOJEF JC]HFFJ_HCOHR ED]LPE]JLC EC̀ KL\a( bc6Z d-9e%,> [#=&9 b-( 1U3fV( g;;A&$ %, h#,A#9i 1234( bc6Z [9->9#80;5j 67-,-8%7 k@A7+A#+%-,; #,$ l9-m+:' n#"-9 o+A$%&; 0$-m,@-#$&$ -, 33 .#97: 1213 <9-8 p:++=; jqqmmm(,"&9(-9>q=#=&9;qm1U3fVr5( !7;' s( h(' ) !A$9&+;7:' /( c( 03ff25( tCCLIE]JLC EC̀ QPEFF ̂\PQ( *#8"9%$>&' .#;;#7:A;&++;j u:& .gu [9&;;(  !&9+;' v(' ) o7:8%$+' u( 012245( um- <-9 +:& =9%7& -< -,&w !$$%+%-,#@%+i &<<&7+; -< Zx/ ;A";%$%&;j # 7-8=#9%;-, "&+m&&, k@#,$&9; #,$ l&98#,i( GHQHE\Oy zLFJO{R |}0W5' 42VX411( !99-m' v( 03fV15( 67-,-8%7 m&@<#9& #,$ +:& #@@-7#+%-, -< 9&;-A97&; <-9 %,?&,+%-,( g, bc6Z 06$(5' ~yH GE]H EC̀ ̀J\HO]JLC LM JCIHC]JIH EO]JIJ]{� NOLCLPJO EC̀ QLOJEF MEO]L\Q 0==( V2fXV1V5( [9%,7&+-,j [9%,7&+-, �,%?&9;%+i [9&;;'(  !m' c( �(' Z-"&9+;' .(' ) �A' �( 012245( Zx/ %,?&;+8&,+;' &�=-9+%,>' #,$ +:& &?-@A+%-, -< �98 =9-$A7+%?%+i( BPH\JOEC NOLCLPJO GHIJHKR ��015' UW3XUWV( c#7:+@&9' h(' .&,$&�' *(' ) �9#��&' �( 0123U5( k9-8 7-,$%+%-,#@%+i +- &A9-=&#,%�#+%-, %, *&,+9#@ #,$ 6#;+&9, 6A9-=&j !$8%,%;+9#+%?& =&9<-98#,7& #,$ 7#=#7%+i %, 7-:&;%-, =-@%7i( ND\L�HEC zFECCJC_ �]D̀JHQR ��0U5' �YWX�W�( c#7:+9�->@&9' h(' k9#+&;%' �(' ) [&9A77#' l( 012125( u:& %,�A&,7& -< +:& @-7#@ 7-,+&�+ -, +:& %8=@&8&,+#+%-, #,$ %8=#7+ -< 6� 7-:&;%-, =-@%7i( GH_JLCEF �]D̀JHQR ��035' 13XYU( c#7:+9�->@&9' h(' �#88&9' *( 012345( �yL E\H ]yH �HCĤOJE\JHQ LM ]yH Q]\DO]D\EF MDC̀Q EC̀ ]yH OLyHQJLC MDC̀ EC̀ yLK ̀LHQ ]yH OLyHQJLC �LFJO{ JP�EO] ̂\P�FHIHF �H\ML\PECOH�( �9>#,%�#+%-, <-9 67-,-8%7�*--=&9#+%-, #,$ /&?&@-=8&,+' 67-,-8%7; $&=#9+8&,+ d-9e%,> [#=&9;' b-( 3Uff' �6*/ [A"@%;:%,>' [#9%; 0$-m,@-#$&$ -, 33 .#97: 1213 <9-8 p:++=;jqqmmm(-&7$�%@%"9#9i(-9>q$-7;&9?&9qV�fU�"41�&,(=$<w&�=%9&;�3V3WU� V�3�x%$�%$x#77,#8&�>A&;+x7:&7e;A8�4f1/�62!UVf1W!cU!!f */c6!2Y623Y6kr5( c&7e&9' o(' 6>>&9' [(' ) ?-, 6:9@%7:' .( 012325( l-%,> b�uoj u:& &<<&7+ -< 6� o+9A7+A9#@ kA,$; -, 9&>%-,#@ =&9<-98#,7&( �LD\CEF LM zD�FJO NOLCLPJOQR ��0fX325' W�4XWf2( c&7e&9' o( �(' 6>>&9' [( �(' ) ?-, 6:9@%7:' .( 0123Y5( !";-9=+%?& 7#=#7%+i #,$ +:& >9-m+: #,$ %,?&;+8&,+ &<<&7+; -< 9&>%-,#@ +9#,;<&9;j ! 9&>9&;;%-, $%;7-,+%,A%+i $&;%>, m%+: :&+&9->&,&-A; +9&#+8&,+ &<<&7+;( BPH\JOEC NOLCLPJO �LD\CEF� NOLCLPJO zLFJO{R �0U5' 1fX��( c&,e-?;e%;' v(' ue#7&?;' �(' �#;:%9-' b( 012345( �L N� �DC̀Q �LLQ] �\L̀DO]JIJ]{ EC̀ HP�FL{PHC]�� �J\P FHIHF ECEF{QJQ ML\ �E]IJE( �6*/ 67-,-8%7; /&=#9+8&,+ d-9e%,> [#=&9;( �6*/ [A"@%;:%,>' [#9%; 0$-m,@-#$&$ -, 33 .#97: 1213 <9-8 p:++=;jqqmmm( -&7$�%@%"9#9i(-9>q&7-,-8%7;q$-�&A�<A,$;�"--;+�=9-$A7+%?%+i�#,$�&8=@-i8&,+�f4 &2#YV4�&,r5( c%7e&@' [( h(' v@##;;&,' *( !(' c%7e&@' [( h(' Z%+-?' �( !(' v@##;;&,' h(' d&@@,&9' h( !(' ) Z%+-?' �( !( 03ffY5( NM̂OJHC] EC̀ ÈE�]JIH HQ]JPE]JLC ML\ QHPJ�E\EPH]\JO PL̀HFQR �( c#@+%8-9&j h-:,; �-=e%,; �,%?&9;%+i [9&;;(  c%@@-9' b(' �#$%' !( o(' ) �&@@&8#,' [( k( 012225( c!*�bj c@-7e&$ #$#=+%?& 7-8=A+#+%-,#@@i &<�7%&,+ -A+@%&9 ,-8%,#+-9;(  LP�D]E]JLCEF �]E]JQ]JOQ ¡ �E]E BCEF{QJQR |�0Y5' 1�fX1f4( c-,$-,%-' /(' ) l9&&,"#A8' Z( u( 0122V5( /- "A;%,&;; %,?&;+8&,+ %,7&,+%?&; =9-8-+& &8=@-i8&,+ %, $&7@%,%,> #9&#;w 6?%$&,7& <9-8 6� �"¢&7+%?&�1 9&>%-,;( ND\L�HEC �\�EC EC̀ GH_JLCEF �]D̀JHQR S|0Y5' 11WX1UU( c-,$-,%-' /(' ) l9&&,"#A8' Z( u( 0123U5( Z&?%+#@%�%,> 9&>%-,#@ &7-,-8%&; +:9-A>: &,+&9=9%;& ;A==-9+ =-@%7%&;j !, %8=#7+ &?#@A#+%-, -< 8A@+%=@& %,;+9A8&,+;( ND\L�HEC �\�EC EC̀ GH_JLCEF �]D̀JHQR �S035' �fX32Y( c9-,�%,%' Z(' ) [%;&@@%' [( 0123V5( u:& %8=#7+ -< Zx/ ;A";%$%&; -, �98 %,,-?#+%-,( GHQHE\Oy zLFJO{R ��015' UU1XUW�( �*#$%@' h(' .%9-�;,£e' v(' ) Z&:¤#e' h( 0123�5( u:& @#7e -< ;:-9+�+&98 %8=#7+ -< 7-:&;%-, =-@%7i -, +:& 7-8=&+%+%?&,&;; -< o.6;( tC]H\CE]JLCEF �PEFF ¥DQJCHQQ �LD\CEFR |�045' ff3X322f( *#==&@&,' !(' *#;+&@@#77%' k(' k#>&9"&9>' h(' ) �&9;=#>&,' c( 0122Y5( u:& %8=#7+ -< 6� 9&>%-,#@ ;A==-9+ -, >9-m+: #,$ 7-,?&9>&,7& %, +:& 6A9-=&#, �,%-,( � ¦�� �LD\CEF LM  LPPLC ¦E\aH] �]D̀JHQR �S0U5' V13XVUU( *#++#,&-' .( /( 012325( 6<�7%&,+ ;&8%=#9#8&+9%7 &;+%8#+%-, -< 8A@+%�?#@A&$ +9&#+8&,+ &<<&7+; A,$&9 %>,-9#"%@%+i( �LD\CEF LM NOLCLPH]\JOQR S��015' 3Y4X3WU( *#++#,&-' .( /(' /9Aee&9' /( .(' ) �-@@#,$' !( /( 0123Y5( 6;+%8#+%-, -< 8A@+%?#@A&$ +9&#+8&,+ &<<&7+; A,$&9 7-,$%+%-,#@ %,$&=&,$&,7&( ~yH �]E]E �LD\CEFR S|0Y5' U2�XUW2( *:#,&i' u(' ) �;;#' Z( 0123Y5( .#9e&+ ;%�&' $%?%;%-, -< @#"-9' #,$ �98 =9-$A7+%?%+i( �LD\CEF LM tC]H\CE]JLCEF NOLCLPJOQR �T035' 3��X342( *-@-8"-' .( l(' l9%@@%' n(' ) .A9+%,A' o( 012335( Zx/ ;A";%$%&; #,$ +:& =&9<-98#,7& -< :%>:�+&7: ;+#9+�A=;( NOLCLPJOQ �H]]H\QR SS�035' f�Xff( *-;+#' o(' [#==#@#9$-' *(' ) �%7#9&@@%' *( 0123�5( g,+&9,#+%-,#@%�#+%-, 7:-%7&; #,$ g+#@%#, �98 =&9<-98#,7& $A9%,> +:& 79%;%;( �PEFF ¥DQJCHQQ NOLCLPJOQR ��0Y5' �WYX�Vf( *9%;7A-@-' *(' .#9+%,' Z(' �?&98#,' �( l(' ) �#, Z&&,&,' h( 0123f5( o-8& 7#A;#@ &<<&7+; -< #, %,$A;+9%#@ =-@%7i( BPH\JOEC NOLCLPJO GHIJHKR ST�035' U4X4W( *�#9,%+�e%' /( 0122V5( Z&;&#97: #,$ $&?&@-=8&,+ %, ;8#@@ #,$ 8&$%A8�;%�&$ &,+&9=9%;&;j u:& 9-@& -< �,#,7%#@ 7-,;+9#%,+; #,$ =A"@%7 <A,$%,>( �OL]]JQy �LD\CEF LM zLFJ]JOEF NOLCLP{R �|0Y5' YYWXYW�( *�#9,%+�e%' /(' ) n-=&; c&,+-' *( 0123Y5( �#@A& <-9 8-,&iw b&m 8%79-&7-,-8&+9%7 &?%$&,7& -, =A"@%7 Zx/ >9#,+; %, k@#,$&9;( GHQHE\Oy zLFJO{R ��035' �VX4f( *�#9,%+�e%' /(' n-=&; c&,+-' *(' /-:&99' u( 012335(  LDC]H\MEO]DEF JP�EO] HIEFDE]JLC LM OLyHQJLC �LFJO{§ N̈EP�FHQ M\LP QD��L\] ]L JCCLIE]JLC EC̀ \HQHE\Oy( k%,#@ Z&=-9+ 6A9-=&#, *-88%;;%-,' 1233( *�#9,%+�e%' /(' ) n-=&;�c&,+-' *( 0123U5( g,,-?#+%-, ;A";%$%&;j /-&; +:& <A,$%,> ;-A97& 8#++&9 <-9 %,,-?#+%-, %,+&,;%+i #,$ =&9<-98#,7&w 68=%9%7#@ &?%$&,7& <9-8 l&98#,i( tC̀DQ]\{ EC̀ tCCLIE]JLCR �S0W5' Y42XU2f( 
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